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In the context of climate change and continuously growing dependence on imported energy,
the Government of China has set the ambitious objective of reducing the energy intensity of
the Chinese economy by 20% between 2006 and 2010. 

Although energy efficiency, especially in the fast growing building sector, appears critical to all
Chinese Provincial Authorities in reaching this objective, the novelty of the subject raises many
issues. How can large scale energy efficiency retrofitting programs be carried out in the short
run? Which technical solutions shall be implemented? How much would they cost? Which
institutional set up should be put in place? Which financing tools or mechanisms should be
developed?  

The papers presented during the Wuhan conference attempted to provide answers to these
difficult and topical questions, which constitute some of the most burning issues for all
governments aiming at reducing their greenhouse gas emissions worldwide. These papers
summarize the results of a three-year research program carried out by the Commission of
Housing, Urban and Rural Development of the Hubei Province and Agence Française de
Développement, with the support of the French Agency for Environment and Energy
Management. 
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Foreword
The papers collected in this volume were presented during a conference held in Wuhan, the
capital city of the Province of Hubei, on May 12-13, 2009. The purpose of this conference was to
conclude the first phase of a research program launched in 2006, by the Commission of Housing,
Urban and Rural Development of the Hubei Province and Agence Française de Développement
(AFD) with the support of the French Environment and Energy Management Agency (ADEME).
The conference was attended by more than 200 participants, including representatives of the
Commissions of Housing , Urban and Rural Development of all the Chinese Chiang Jiang region
provinces, representatives of the federal level of the Chinese government, Chinese bankers and
researchers, as well as international experts and representatives from other emerging countries
such as India, Indonesia, South Africa and Vietnam. 

The launch of this joint research program was a response to a request from the Commission of
Housing , Urban and Rural Development of the Hubei Province. The Chinese Government was
implementing the 11th Five Year Plan, one of the very ambitious targets of which was to reduce
the national economy’s energy intensity by 20% between 2006 and 2010. Besides, the “Energy
Conservation Law of the People’s Republic of China” was to be promulgated, so as to determine
more precisely the energy efficiency measures and objectives for various sectors of activity. In
that context, the Commission of Housing , Urban and Rural Development of the Hubei Province,
which was in charge of achieving major energy consumption reductions in the building sector of
the Province (and more specifically in the existing public and tertiary buildings), expressed a keen
interest in benefiting from foreign experiences and knowledge in the energy efficiency field. AFD
then offered to mobilize all needed expertise so as to carry out a research-action program on
the financial mechanisms to be developed so as to implement a large scale energy efficiency
retrofitting program in the existing building sector in China. Such a subject is actually of great
interest to several emerging countries in which AFD has operations, and more generally, appeared
relevant with regard to the burning issue of climate change mitigation. 

The “research-action” dimension of the program, more precisely the involvement of local stake-
holders in the research activities thanks to training and continuing on the ground testing of
methodological tools and hypotheses, appeared as a sine qua non to AFD and the Commission
of Housing , Urban and Rural Development of the Hubei Province. Their major concern was that
the technical, financial and institutional solutions proposed in the framework of that research
program shall not be the result of “armchair research”. On the contrary, these solutions shall be
produced and owned by those involved in their actual implementation in the medium to long run.
As a result, the research teams consisted of a variety of local stakeholders, including representatives
of the local government and administration, bankers, energy producers, energy service company
representatives, project owners, construction company representatives, installers, manufacturers
and professional associations, as well as researchers from universities and research centers. In order
to provide guidance and coordination among the different research groups, AFD and ADEME



facilitated the intervention of a team of French specialists, headed by an international expert,
Dr. Bernard Laponche. AFD also coordinated additional research on “best practices” so as to
answer specific technical questions. For instance, a report entitled Promoting Energy Efficiency
Investments, Case Studies in the Residential Sector was co-published by AFD and the
International Energy Agency. These case studies were then translated into Chinese. 

The results of this three-year research program are summarized in the collected papers. 

With the end of this research program it appeared that additional investigations, particularly
on financial mechanisms, needed to be carried out with the support and involvement of stakehold-
ers from the federal level of the Chinese Government. A high level working group with repre-
sentatives from the Ministry of Housing , Urban and Rural Development, the National
Development and Reform Commission and the State Council of the People's Republic of China,
was thus organized in Paris in October 2009. It aimed at facilitating face to face technical discussions
with a larger number of French experts, and at discussing the follow-up of the program. The major
conclusion reached was that a second phase would require some innovative research experiments,
including the constitution of “dialogue and research groups” looking specifically at financial
mechanisms in different Provinces. 

All publications related to this research program are available on the AFD website, on the
“Research” webpage. For any further information, or specific queries, you can contact AFD’s
program manager, Mr. Nils Devernois (devernoisn@afd.fr).
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Speech Delivered by 

Mr. Tian Chengzhong, 
Deputy Governor of Hubei Province

Consul-General Michel Freymuth, 
Director Robert Peccoud, Vice-Director
Hamelin, distinguished guests, friends, 
ladies and gentlemen: Good Morning.

Generously supported by the Chinese Ministry of
Housing and Urban-Rural Development and ADEME
(French Environment and Energy Management
Agency) jointly organized by the Hubei Province
Department of Construction and Agence Française
de Développement (AFD), the “Sino-French Inter-
national Symposium on Financial Mechanisms for
Energy Efficiency Retrofitting of Existing Buildings in
Hubei Province and the Construc-tion of a 'Two-
Oriented Society' in the Wuhan City Cluster” opens
here today in the beautiful riverside city of Wuhan.
On behalf of the Hubei Provincial Government,
I would like to offer my congratulations on its
successful opening and extend a heartfelt welcome
to all participants. 

Hubei Province lies in the central region of
China, midway along the Yangtze River. It
covers an area of 185,900 km2 and has a pop-
ulation of 61 million people.  Hubei's geogra-
phical position is blessed by its centrality:
endowed with the benefits of the east, yet
open to the west, it cuts through north and
south and provides access to the sea. Hubei
has experienced rapid economic growth in
recent years. In 2008, the provincial GDP
reached RMB1.133 tril l ion, and the total
import-export volume was US$20.5 billion.
In December 2008, the Wuhan City Cluster

was chosen by the central government as an
experimental region for the implementation
of a comprehensive reform package: the
construction of a “Two-Oriented Society”.
Within the next 5-12 years, at the forefront of
innovative institutional mechanisms aimed at
saving natural resources and environmental
protection, the Wuhan City Cluster will pro-
vide valuable experience and serve as a
national example of how to promote scien-
tific and harmonious social development.
Energy efficiency construction has been
prioritized as an important element in the
overall implementation of a “Two-Oriented
Society” in the Wuhan City Cluster. 

Energy is an important building block for
mankind's survival and development. The
State Council's decision on strengthening
energy conservation work states that energy
efficiency construction is one of six important
fields in energy conservation. Energy efficiency
construction includes energy-efficient new-
builds and energy efficiency retrofitting of
existing buildings. In terms of energy-efficient
new-builds, every year Hubei Province cons-
tructs around 30 million m2 of energy-efficient
new building stock by using energy-efficient
materials and technologies, reducing energy
consumption of buildings by around 330,000
metric tons of carbon equivalent (MTCE) and
decreasing CO2 emissions by about 864,600
tons. In terms of the energy efficiency retrofitting
of existing buildings, by the end of 2008,
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there were already 800 million m2 of urban
building stock in Hubei Province, most of
which were energy inefficient. The imple-
mentation of energy efficiency retrofitting is
thus an arduous task, requiring huge amounts
of sustained financial investment. To begin
tackling this issue, in June 2006, the Hubei
Province Department of Construction and
AFD signed the “Framework Agreement for
Sino-French Research Partnership in Develop-
ing Financial Mechanisms for Energy Efficiency
Retrofitt ing of Exist ing Bui ldings in Hubei
Province”. Both sides formed research teams,
drawing on the pioneering experience of
countries such as France, to explore financial
mechanisms for energy efficiency retrofitting
of existing buildings with government poli-
cy support, taking Wuhan Municipality as their
case study. This research has important and
far-reaching significance for energy efficien-
cy retrofitting of existing buildings in Hubei
Province, and indeed other Chinese regions
with similar climatic conditions. The Hubei

Provincia l  Government has fol lowed the
project with interest, providing it with its full
support. 

Today, Chinese and foreign experts are brought
together under one roof to share their research
findings and valuable experience.  I  f irmly
believe that this symposium will breathe new
life into the research, increase common know-
ledge, and lead to substantial successes in
breaking the “bottleneck” in financial mecha-
nisms, furthering the energy efficiency retro-
fitting of existing buildings, and responding
to the issues of climate change. It is certain
to contribute positively to the construction
of a “Two-Oriented Society” in the Wuhan
City Cluster, allowing man and nature to live
together in harmony.

May this symposium enjoy complete success
and may Sino-French cooperation and ex-
change never cease to move forward!

Thank you
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Speech Delivered by 

Mr. Li Debing, 
Chief of the Department 

of Construction of Hubei Province

Mr. Director, Mr. Deputy Director Hamelin,
Ladies and Gentlemen.

First of all, allow me to extend a warm welcome
to the leaders, distinguished national and
international guests and delegates on behalf
of the Department of Construction of Hubei
Province. I would like to express my sincere
gratitude to both national and international
experts, and the entire community for your
continuous support in the energy efficiency
retrofitting of existing buildings in our province. 

We are extremely honored to have the
opportunity to be here with experts and
scholars from home and abroad, to study
and discuss the issue of buildings’ energy effi-
ciency retrofits. It is a fantastic opportunity
for Hubei and Wuhan to come face to face to
discuss such issues. Statistics and analysis by
experts show that building energy consump-
tion accounts for more than a quarter of all
energy consumption, and consumption is still
rising. This is partly due to the existence of
large buildings that do not integrate energy-
saving measures. A prerequisite to easing
the tension in the current use of energy is
to upgrade energy-saving measures, reduce
energy consumption in existing buildings, and
to improve building energy performance both
economically and technically. The structure
of energy consumption must be adjusted,

and the sustainable development of the
social economy must be promoted.

According to the strategic requirements of
scientific development, the government is
applying an energy-saving and emission
reduction policy, which actively propels the
construction of a “two-oriented society” (a
resource-conserving and environment-friendly
society), and concentrates on energy con-
sumption reduction. In the past few years,
our province has undertaken the retrofitting
of existing buildings, and made progress in
construction energy consumption statistics;
energy audits; the calculation of energy-saving
potential; power analysis of energy-saving;
pilot projects; and establishing a financing
mechanism. At the same time, the province
set up Energy-Saving Regulations for Civilian
Construction in Hubei Province according to
the main framework of Energy-Saving Regu-
lations for Civilian Construction by the State
Council. Hubei Province specifically requested
energy efficiency retrofits to existing buildings,
as well as renovating and extending existing
buildings, decorating exterior structures, and
updating energy systems. A special fund for
energy efficiency retrofitting has been set up
to encourage financial institutions to provide
credit to retrofit existing buildings; encourage
social funds to invest in a variety of means to
retrofit existing buildings to save energy and



provide energy-saving services; encourage
and support renewable energy sources, such
as solar and geothermal energy, in buildings;
implement preferential electricity prices or
free water in buildings that implement energy-
saving modifications with geothermal heat
pump technology; and establish an electricity
quota whereby buildings are penalized for
exceeding their quota.

In today's seminar, leaders from relevant
ministries and experts from home and
abroad have discussed China’s energy policy
along with the policies of France and the
rest of the world, and the significance of
these policies from a broader perspective.
Introductions and exchanges were made
from a more professional perspective on
theory and practice, means and methods,
financial service systems, types of financing
mechanisms, development of energy-saving
services, and existing financial instruments
used in the energy retrofit  of existing
buildings. The following basic consensus
was reached:

The energy efficiency retrofitting of existing
buildings is an essential requirement in the
push to decrease energy consumption. The
Chinese government regards “resource saving”
as its basic State policy. It is not only a require-
ment for China but also a commitment to
the world to build a “resource-conserving
and environment-friendly society”. Reducing
building energy consumption; improving the
energy consumption structure of buildings;
promoting the application of new energy and
renewable energy sources which are import-
ant for mitigating energy shortages; and
promoting the harmonious development of
society can all be pushed further forward by
implementing energy-saving strategies.

[ ] ©AFD / Implementing Large-Scale Energy Efficiency Programs in Existing Buildings in China /October 201014

Propelling forward the retrofitting of existing
buildings is one way to cope with the current
financial crisis.  It will  create an emerging
investment market by activating demand
for renovations to save energy in existing
buildings. It is vital for coping with the glob-
al financial crisis and especially important
for the Chinese government to implement
its policy to “expand domestic demand,
guarantee economic expansion, adjust the
economic structure, and improve people’s
living standards”.

Retrofitting existing buildings is a task for
society as a whole. Because the ownership
of existing buildings is complex, government
guidance is needed along with market prop-
ulsion and technical and financial support. 

Management departments, building owners,
intermediary organizations, research institutes,
material and equipment manufacturers,
design and construction units, and financial
institutions are all crucial in realizing this
potential. It is vital to coordinate and organize
all aspects of society to participate in and push
forward energy-saving strategies in existing
buildings.

Establishing financial mechanisms and con-
firming the development path for energy
retrofits of existing buildings are key points in
achieving results. Initially, renovations need
investment guidance from the government,
as the work requires a huge initial outlay.
However, once a certain stage has been
reached, developments will be self-funding
and able to rely on the market itself. Today's
seminar has already achieved positive results
with its discussion on debt financing in order
to stimulate demand; the impact of third
party financing on the process of market-
ization; and the establishment of a financing
mechanism with the equity financing model. 
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We are trying to build an innovative country, a
“two-oriented society”. The construction of
Wuhan’s Metropolitan Area also calls for
institutional innovation. On the first level,
it needs innovative theories and concepts.
Today's meeting has moved the level of ex-
ploration and research work forward, clarified
the concepts, defined the objectives, and
enabled us to take a big step toward putting
the project into practice and making it feasi-
ble. I sincerely hope for further cooperation
between China and France, and between
China and other countries, both in terms of
exploring financing mechanisms and carrying
out energy retrofits to existing buildings.
Efforts must also be made to find new ways
to renovate existing buildings which are in l ine

with scientific developments in the Hubei
and Wuhan Metropolitan Area, and to build a
harmonious world between constructors and
buildings, human beings and the environ-
ment, people and the planet.

Once again, I extend my thanks to both our
national and international experts.

Hubei is the birthplace of the Chu culture and
has a long , impressive history. It is also a land
of thousands of lakes and natural abundance.
I sincerely wish all leaders, international
friends, experts,  professional peers and
friends a pleasant stay and good health while
working in Hubei.

Finally, I would like to wish the seminar great
success.
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It is a great pleasure to be with you today in
Wuhan for the opening of this seminar on
sustainable urban development. I fully under-
stand just how important this seminar is in
view of the challenges facing both China
and the rest of the world. I would like to
extend my thanks to AFD and the Wuhan
Development and Reform Commission for
this initiative.

Events did not turn out as expected, since at
this very moment I am with the President of
the People’s Republic of China, Mr. Hu Jintao,
who has invited representatives from a certain
number of countries that actively participated
in emergency relief for, and then the recons-
truction of, Sichuan in the aftermath of the
earthquake of which we are commemorating
the sad anniversary today. I believe that this
invitation from the Chinese President is a sign
of China’s gratitude toward France for all the
solidarity efforts we have made. And when I
say “we”, I am referring to the entire French
community, the State, as well as the French
Chamber of Commerce and Industry in China,
the operators, the companies that were
also eager to show their active solidarity for
the victims and survivors when this terrible
disaster occurred.

It is consequently from a distance that I
express my very best wishes for the success of
your research. Once again, these are major
challenges. There is the challenge of climate
change. There is the challenge of sustainable
development. And Central China, Hubei, the
Wuhan region are key areas for operations
because we have before us a municipality
and a province, Wuhan and Hubei, that are
extraordinarily motivated, and also because
there has been a privileged development
partnership between France and this region
for nearly thirty years now.

So, once again, I wish you every success in your
research. I will devote a lot of attention to
reading your conclusions and supporting
their implementation in every possible manner.
France’s entire network in China is working
on this major topic, as well as French authori-
ties at the highest level, to ensure that there
are outcomes on these topics, follow them
up, and support all our operators. So I thank
you for your attention and every success in
your research.

Speech Delivered by 

Mr. Hervé Ladsous, 
Ambassador of France in China
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Mr. Vice Governor, I would especially like to
extend my warmest thanks to you for honoring
us with your presence at the opening of this
seminar. We are obviously very, very pleased
that you could be here. I would also like to
thank everyone who has made the long trip
from Beijing , other provinces and elsewhere,
to take part in this event and ensure its success,
and of course, the French and Chinese organiz-
ers of this seminar,  AFD and the Commission
for the Construction of Hubei Province, with a
special mention for Mrs. Liang who was one
of the mainsprings in its preparation.

Ladies and Gentlemen, as we are all aware,
the spiral of economic development leads to
rising demand for energy, which comes up
against the problem of limited resources and
increasingly restrictive environmental stand-
ards. In the face of these constraints, individ-
ual solutions country by country are not
possible. Solutions must be sought via joint
strategies, and particularly, strategies based
on societies that save their resources and
respect the environment. Energy efficiency
in the building sector is,  in this respect, a
priority because it is important to under-
stand that buildings consume high amounts
of energy whether for improving individual
comfort or for the activities of services, admin-
istrations or businesses. It is in this framework
– energy efficiency in existing buildings –
that a particularly innovative program has
been ongoing for over three years now

between the Commission for the
Construction of Hubei Province and AFD’s
Research Department, with support from
ADEME. This program aims to prepare the
implementation of energy rehabi l i tat ion
projects in public and service sector build-
ings with a concern for financial equilibrium.
In other words, it aims to find the best possi-
ble balance between the investments that
are made and the energy that is saved.

I very much welcome the organization of this
first France-China seminar in Wuhan, where
the green economy will be a dominant theme.
It is being held at a timely moment since it
follows on from the symposium on sustainable
urban transport organized by Mission Eco-
nomique - Ubifrance a few weeks ago. These
two events demonstrate the priority given by
both our governments to sustainable devel-
opment in this conurbation, the 8+1, which by
a fortunate coincidence has, at the same
time, been selected by the Council for
State Affairs as a pilot area in this sector for
the whole of China, and as a model city for
the France-China Agreement on Sustainable
Development. The original aspect of this pro-
cess must also be underscored as it combines,
on the one hand, a multidisciplinary Chinese
group steered by the Commission for the
Construction of the Province, made up of
universities, administrations, technical depart-
ments, practitioners and experts from the
private sector (such as banks or energy service
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companies), and on the other hand, French
public agencies that associate experts or
national or international research institutes.
I am fully confident that your exchanges will
be fruitful and I hope they will  lead to a
concrete demonstration operation.

To this end – without wanting to prematurely
anticipate future discussions – I am pleased
to inform you that AFD has entered into

discussions with the Municipality of Wuhan
about the best way to financially support the
first phase of a thermal rehabilitation program
for existing buildings. This type of financing
may, for example, be mobilized via a municipal
line of credit allocated for sectoral projects.

I  hope the exchanges wi l l  be extremely
fruitful for you all, and thank you for your
attention.
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Part 1.
Brief Presentation 
of the Research

Program 





1.1. A Brief Introduction 
to the Research Program

Mr. Nils Devernois, Senior research officer, Sustainable Urban
Development Unit, Research Department, AFD. 

He was the research program manager on the French side. 

Mr. President, Mr. Chief Engineer of the Com-
mission for Construction, Ladies and Gentle-
men, I would first of all like to thank you for
your welcome and the excellent organization
of this seminar, which will allow us to present
the initial results of this research program on
financial mechanisms for energy rehabilitation
in existing buildings, which began just over
three years ago.

1.1.1. Introduction

This morning you were presented the con-
textual elements of energy efficiency (EE) in
China and France and this afternoon you will
have the opportunity to listen to different
experts present the results of this research
program.

In order to avoid repeating what other speak-
ers might say, I will just be speaking about how
this program came about, what it is about
and its general philosophy, and finally, the
principles of its organization and the methods
that have been adopted and followed over
these past three years. I will emphasize some
of the methodological aspects, as well as
the reasons why this project is particularly
innovative, before concluding with some of
the lessons learned from this program.

1.1.2. Origin of the Program

This partnership was built as a logical follow-
up to the signing of an establishment agree-
ment for Agence Française de Dévelop-
pement (AFD) in China. This agreement was
signed with the Chinese Ministry of Finance
and explicitly sets out the parties’ commit-
ment to developing intellectual cooperation
programs.

The topic of this program is at the crossroads
of, on the one hand, the orientations of China’s
11 th Five-Year Plan, particularly in terms of
reducing energy intensity and, on the other
hand, the mandate given to AFD by the French
Government that defines the sectors where
it operates. It is therefore quite logical, and
within the sphere of concerns shared by both
parties, that this program came about. It was
developed via a partnership between the
Commission for the Construction of Hubei
Province and AFD’s Research Department. 

Its content is the result of jointly defined
objectives and the common will to ensure
that this program provides a sound base for
the development of large-scale energy effi-
ciency programs.
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[1 ] In France, the cost of thermal rehabilitation in buildings for the part of the building stock that corresponds to housing is 
estimated at some 600 billion euros.
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1.1.4. Why Conduct a Research 
Program on this Topic?

These numerous issues demonstrate all the
interest of a policy to implement energy effi-
ciency programs on a large scale. Yet, the sub-
ject is much more complex than it would
seem on the face of things for the following
reasons:

• Actors are multiple and diverse: a number of
responsibilities (competence shared among
several administrations that must work in
synergy and not in their own corners), public
and private sector, companies, banks and,
finally, a whole host of beneficiaries;

• Technical solutions are not always easy to
identify, especially when there are tempe-
rate conditions like the ones here in Wuhan;

• The level of energy efficiency must be de-
fined on a case-by-case basis according to
multiple criteria: technical (in terms of the
characteristics of the building), economic
(time required for returns), institutional
(status of the building , characteristics of
joint ownership) and legal (l iabil ity and
guarantee for works);

• Finally, and this last point is not the least
important, financial aspects play a key role.
Indeed, besides pilot or demonstration
projects, if we want to scale up, it is neces-
sary to develop appropriate and innovative
financial mechanisms. These mechanisms
must aim to address the considerable re-
sources that are required,[ 1 ] and also allow
many different types of financing to be im-
plemented (subsidies, zero-rate or subsidized
loans, venture capital, etc.) in order to adapt
to the vast number of cases that exist;

1.1.3. What Are the Issues?

The first point is that all over the world
energy efficiency has become one of the
priorities of the international agenda. This
awareness is relatively recent and began less
than ten years ago. EE has now become one
of the major areas for combating climate
change, particularly since the IEA demon-
strated that EE alone accounts for 45% of
the solutions that need to be implemented.
Moreover, bearing in mind that almost 40%
of global final energy consumption is in build-
ings (currently 27% in China), this sector has
the highest potential.

Making buildings more efficient in terms of
energy consumption also presents major
issues in many other areas:

• Environmental issues: at both the global and
local level, for example, the quality of air, or
different forms of pollution caused by the
use of fossil energies;

• Energy issues: as a result of the predicted
scarcity of, or at least the pressures observed
on, fossil resources and the impact this has
on supply circuits;

• Political issues: in terms of sustainable devel-
opment and the commitments made for
this at the local, national or international level;

• Economic issues: thermal rehabilitation of
buildings is key to the development of a
new green economy that creates activities,
employment, economic growth with a better
use of investments; and

• Social issues: energy efficiency in buildings
brings about better living conditions by im-
proving comfort under the same economic
conditions; the aim is not to consume less,
but to consume better.
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1.1.5. Methodological Principles

The methodological principles defined in the
framework of this program are as follows:

In Terms of the Composition 
and Organization of the Team

Multidisciplinary teams were formed right
from the start and combined academics,
administrators, bankers, engineers and prac-
titioners from both the public sector and the
private sector, as well as international experts.
Synergies and cross-disciplinary contacts
among the different members of the team,
as well as with the other administrations
and organizations concerned, have been
encouraged throughout the program. This
team has been divided into three groups
that respectively work on the institutional,
technico-economic, and financial aspects.

In Terms of Partnerships

Each of the parties finances its experts and
the studies for which it is responsible. For
example, research on the analysis of the
context,  the exist ing bui lding stock and
national experiences was of course conducted
by the Chinese side, whereas the analysis of
international experiences and best practices
was conducted by the French side. Research
such as that relating to determining the issues
was conducted jointly.

Generally speaking , the principle adopted in
the framework of this partnership is based on
the fact that the French side provided, where
necessary, materials, information, and specific
methods or training , but that it would not
make proposals. This is indeed a factor for
taking ownership of the research that is con-
ducted and also ensures the “sustainability”
of the research and the process initiated in
the framework of this program.

•Moreover, to promote the development of
the energy efficiency market, it is necessary
to envisage incentive mechanisms which
may be of a fiscal nature (tax breaks or
exemptions,  etc.) ,  or via tariffs or other
mechanisms. They must be able to evolve
over time and help make these financial
mechanisms more elaborate.

The ideal  thing would be to promote a
financial approach by which investments in
energy efficiency works would be covered, at
least partly, by savings made on the energy
bill . However, for the public sector, invest-
ment and operating budgets are, l ike in
most countries, watertight budgets and, for
the private sector, the savings are often very
quickly offset by improvements in comfort.

Most countries are currently researching
systems and mechanisms that would allow
such programs to be implemented. However,
we have to admit that no country has actually
managed to scale up. Many interesting exper-
iments are underway, in most cases at region-
al or provincial levels. It is interesting to draw
inspiration from them, but unfortunately, as
they stand, none can really be reproduced
because they are all heavily dependent on local
or national contexts. Most come up against
the problem of EE governance. 

Following this brief presentation of the issues
and difficulties of such a program, I would
like to come back to the methodological
and organizational principles of this research
program.



This is why, and it is important to emphasize
this, the results and proposals that will be
presented to you during this seminar mainly
come from the Chinese side.

In Terms of Content

It is important to remember that the method-
ology was defined jointly and that it not only
provided an outline, it also gave a detailed
definition of all the research to be conducted
in the framework of this program.

Energy efficiency in existing buildings has
always been dealt with in a comprehensive
manner by integrating all aspects and using
in-depth knowledge of the context. Moreover,
throughout the duration of the program, the
team strived to permanently combine the
overall vision (satellite vision), which is essen-
tial for defining issues and strategies and
helps maintain the main orientations, without
necessarily eliminating the detailed and in-
depth research that is required in order to
understand the scientific aspects, such as
management methods or energy consump-
tion in buildings, or the calculation of poten-
tial energy savings. Moreover, the team was
able to draw on experience gained in five
countries (England, France, Germany, Japan,
and the United States) as well as at the level of
the European Union in terms of energy effi-
ciency in existing buildings. Finally, whenever
required, training was given in specific tools
(energy audits in buildings and simulation
tools: DesignBuilder and EnergyPlus).

1.1.6. How Is this Program Innovative?

This program has a number of original and
innovative aspects that are worth highlighting.
They stem partly from the methodological
principles.

First of all, the partnership itself is different
from more classic partnerships in which a
local team is financed by the international
side. Generally, at the end of a project, the
team is dissolved and the project stopped.
The solution adopted – joint definition of
objectives and each party financing its own
teams – promotes the creation of a process
that is  l ikely  to a l low the research to be
continued.

The program is also innovative by its content.
It is indeed one of the only programs current-
ly known that addresses energy efficiency in
existing buildings via a comprehensive and
such a complete approach. It is also a program
that from the very beginning placed research
on financial mechanisms at the center of the
process. Indeed, the implementation of speci-
fic financial mechanisms is a key factor for the
success of large-scale programs. These finan-
cial mechanisms are also essential tools for
supporting incentive policies and developing
new markets.

The composition and variety of local teams
in charge of this research program is also a
strong innovative element. The initial core
group was made up of engineers, academics,
administrative executives from public serv-
ices, as well as private sector organizations.
The core team was designed to be open and
was gradually strengthened as the program
advanced by new partners such as ESCOs,
development companies, banks or new admin-
istrative departments.

The approach for this program, which is half-
way between research and being operational,
is also an element of innovation. Indeed, to
meet the operational objectives, it appeared
necessary to bring out proposals for solutions
from the real actors and not from the team
itself. This approach makes it possible to both
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raise the awareness of the actors that are
essential to the implementation of large-
scale projects and anchor these proposals
for solutions in the real situation.

International experience has shown that most
of the successful examples are still only at the
regional scale and that the different systems
that have been implemented — whether instit-
ut ional  or  f inancia l  —  are ,  in  most  cases ,
based on local initiatives and rarely national
initiatives.

1.1.7. Obstacles and Difficulties

The team obviously came up against a certain
number of difficulties or obstacles during the
implementation of this program. These are,
however, not specific to China and stem from
the particular nature of energy efficiency,
which is not a specific sectoral activity and
is an activity for which financing cannot be
provided by traditional mechanisms. 

It is quite simply the opposite: it is a cross-
sectoral activity and most administrations in
the world share the same operating methods
and the same reluctance to work in a cross-
sectoral manner.

In all administrations and local authorities all
over the world, the search for innovative
financial mechanisms, based on recovering
financing in energy efficiency investments via
the savings that are made, comes up against the
same arguments of independence between
operating and investment budgets. 

Many other  examples  could be quoted.
However, although these difficulties cert-
ainly constitute considerable obstacles at
the beginning , international experience has
shown that exemplary projects that are suc-
cessful are those that, faced with these same
stumbling blocks, manage to overcome them.
This should be the case in China.

1.1.8. Some Lessons Learned

There is no universal solution or model for
implementing large-scale energy efficiency
programs in existing buildings.

The solutions that should be explored must
be innovative, hybrid and combined: (i) at the
institutional level where incentive and regula-
tory mechanisms can be reconciled, (ii) at the
technical level where there are multiple solu-
tions that depend on the technical features of
the building (equipment, budget, etc.) and (iii)
at the financial level where public financing
must allow the energy efficiency market to
develop and act as a lever to mobilize private
financing. 

Moreover, to be viable these solutions must
also be adapted to the local context, as well as
to each specific category of building. 

Public intervention is needed, but its role must
be clarified. As Bernard Laponche points out:
“Public intervention is essential in order to
guarantee the long-term interest of the local
authority, and integrate concerns over the
long term, and the environmental and social
externalities that the market itself cannot
take into account. The role and responsibility
of public authorities are to create the mechan-
ism and means that will allow energy effi-
ciency to be an integral part of all the activities
of these actors and economic agents.”

Finally, to conclude, I would remind you that
energy efficiency generally and in existing
buildings in particular, is an essential key
without which there cannot be sustainable
development in our cities and that the suc-
cess of large-scale programs remains one of
the major challenges of the coming decades.
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1.2.1. Background Information

As the use of energy and global environmental
issues becomes increasingly salient, the Chin-
ese government is attaching great importance
to energy-related topics. 

Energy consumption in buildings currently
exceeds that in other areas such as industry
and transport, accounting for 30 percent of
overall consumption. Based on statistics from
developed countries, this consumption will
continue to grow to at least 40 percent, as
people’s standards of living rise. This means
that energy saving in buildings must be a key
component of energy-saving undertakings.
This has repercussions on:

• The increase in the number of air-condition-
ers in 100 households of urban residents
in Hubei Province;

• The increase in the number of shower sets
in 100 households of urban residents in
Hubei Province.

Energy consumption in Hubei Province increa-
ses on an annual basis, with an annual growth
of 13.48% in buildings between 2002 and
2007. At the end of 2007, the production-
to-consumption ratio was as high as 1 to
6.74. Hubei Province is a typical province with
a shortage of energy sources.

Energy-saving renovation for buildings is of
great significance and has the potential to
produce enormous social, economic, and
environmental benefits. It can:

• Save energy;

• Promote environmental protection,

• Raise people’s living conditions;

• Boost industry development and domestic
demand; and

• Spur sustainable industrial development
and technological advancement.

By the end of 2007, the Eight-Plus-One
Urban Circle of Wuhan Municipality covered
a total building area of 447 million m2, 58
percent of the total building area of Hubei
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Province. As these buildings were constructed
a fairly long time ago without considering
energy-saving factors or resorting to energy-
saving measures, 90 percent of them were not
built with energy-saving measures and, as a
result, have a high energy consumption and
low efficiency. 

Mock analysis and evaluation has shown
that if existing buildings within the Circle
implemented an energy-saving standard of
50 percent,  4.47 mil l ion tons of standard
coal could be saved and a reduction made of
9 thousand tons of dust, 11.12 million tons
of CO2 , 73.8 thousand tons of SO2 and 69.7
thousand tons of nitrogen oxides. Energy-
saving renovation can also improve people’s
living conditions (by improving home heat-
ing), enhance the urban landscape (by exter-
ior refurbishment), boost domestic demand,
and promote and upgrade industrialized
development. It is estimated that energy
retrofitting existing buildings can help boost
markets for energy-saving materials, doors,
windows and renewable energy, creating a
new engineering and investment market of
RMB60 billion within the Circle.

More importantly, energy-saving techniques,
project operations, and investment recovery
of different kinds can be put to the test
during the renovation process, conducive to
the exercise of Wuhan Urban Circle’s model
role in the construction of a resource-saving
and environment-friendly society. This can also
set a leading pace for the nation’s existing
building energy retrofitting program, condu-
cive to the realization of reducing energy
consumption per GDP by 20 percent as
envisioned by the 11th Five-Year Plan.

Energy-saving renovation for buildings is
an essential element in implementing the

Scientific Viewpoint of Development and
constructing a resource-saving and environ-
ment-friendly Wuhan, with profound signi-
ficance and potential ly enormous social ,
economic and environmental benefits.

Need for Research

Currently in China, at least 10 billion m2 of
existing buildings are in need of energy retro-
fitting , which will require enormous capital
injection of at least RMB1.5 trillion, according
to the Ministry of Construction. While crea-
ting big market opportunities, there are
problems in how to raise this initial sum of
money. Financing is therefore a key point in
existing building energy retrofitting , and
necessitates intensive and systemic research.

On June 2, 2006, based on agreements
between AFD and the Ministry of Finance,
the Department of Construction of Hubei
Province and AFD signed a partnership
framework agreement, Research on the
Financing Mechanism of Energy Efficiency
Retrofitting for Existing Buildings in Hubei
Province under a Sino-French Partnership,
with a view to strengthening Sino-French
cooperation, exploring implementation
measures of renovation plans in Hubei Pro-
vince and a financing mechanism suitable
for the plan, and ultimately putting forward
proposals for relevant government organs.

Headed by the Department of Construction
of Hubei Province, the Chinese side has put
together a cross-discipline, cross-industry and
multi-department research team.

1.2.2. Team Introduction

The French s ide is  headed by Mr.  Ni ls
Devernois ,  AFD Research Department,
responsible for forming the international
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• Census and audit of the energy consump-
tion of buildings. In the general survey, 389
buildings were covered: 106 were examined
and 26 were audited. Systemic research
was also conducted into the energy-saving
potential of existing office buildings and
public buildings in Wuhan, and energy-
saving renovation plans and measures;

• Analysis of the energy expenditure of differ-
ent types of buildings and of the interest
groups in existing building energy retrofits
was conducted. Interest concerns of various
groups and the motivation for renovation
were extensively discussed;

• Analysis of the characteristics of financing
for existing building energy retrofits was
carried out. The problems in this regard and
their causes were discussed, and the chal-
lenges analyzed;

• Analysis of the channels and modes of fi-
nancing energy retrofitting was undertaken.
Potential channels were identified based
on existing structures, and financing modes
were also explored;

• Policies and measures adopted by France,
Japan and the US to raise energy efficiency
were compiled by international experts
under the auspices of AFD and translated
by the Chinese team. Relevant domestic
laws, regulations and policies in buildings’
energy-saving capabilities were analyzed
and compared to experiences from other
leading countries;

• Analysis of financing mechanisms of existing
building energy retrofitting applicable to
Hubei Province was conducted. The feasibi-
lity of establishing a renovation fund and
financing platform in Hubei Province and
its possible forms was explored.

panel, which includes members such as
Mr. Liu Yazhong, Mr. Bernard Laponche, and
Mr. Jose Lopez.

The Chinese side is headed by Ms. Liang
Xiaoqun, Director of the Surveying , Design
and Science and Technology Division under
the Department of Construction of Hubei
Province. She is in charge of forming a pool
of graduates from the College of Public
Administration at Huazhong University of
Science and Technology, the Hubei Institute of
Architectural Design and Research, the Wuhan
Municipal Construction Commission, Wuhan
University of Science and Technology, and the
Wuhan Municipal Bureau of Land Resources
and Housing Management.

According to the research plan, under the
guidance of the coordinating office, the task
team is divided further into three groups:
Team A, Team B, and Team C.

Team A is the Technology and Economy
Team, headed by the Wuhan Municipal Con-
struction Commission.

Team B is the Regulation and Management
Team, headed by the College of Public Admin-
istration at Huazhong University of Science
and Technology.

Team C is the Financing Team, headed by the
College of Public Administration at Huazhong
University of Science and Technology.

1.2.3. Project Progress 
(achieved in the past two years)

For the past two years, team members have
engaged in fruitful investigations and research
work, by means of interviews, field surveys,
symposiums, questionnaires and in-depth
analysis. These efforts include:
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• Residential apartment buildings make up
the absolute majority over single-unit resi-
dential buildings. Their complex ownership,
high costs and long process of decision-
making hinder energy-saving renovation
initiatives to a great extent, especially with
regard to building envelopes. As a result,
energy-saving renovation for public build-
ings should be given precedence.

• Because energy use system retrofitting is
low cost in terms of internalizing external-
ities, financing can be carried out through
market mechanisms (energy management
contracting) .  As the energy-saving rate
is difficult to measure and ownership is
complex, the renovation of the building
envelopes cannot be financed through a
market mechanism, nor can it be completely
separated from energy use system retrofits.

• For different types of existing buildings, the
characteristics of financing for energy re-
trofitting varies, with a pointed conflict
between fund demands and investment
will ingness. Financing for existing build-
ing energy retrofits is facing difficulties
caused by many factors.

• The challenges faced by financing come
mainly from insufficient effective regulatory
support, a lack of incentive policies for ener-
gy retrofitting industry development and a
shortage of mandatory measures.

• Channels of financing currently in effect for
energy retrofitting include budgetary alloc-
ation, bank loans and financial guarantees.
Bank loans are mostly provided by over-
seas financial institutions, such as the World
Bank, international financial companies, AFD,
and the Asian Development Bank.

• Potential channels of financing for existing
building energy retrofitting include the
establishment of funds for specific purposes

In the course of our project research, we have
conducted a number of technical training ses-
sions and symposiums. We have also invited
representatives of relevant government organs
and financial institutions to participate in our
discussions and consultations. Team members
have engaged in broad and in-depth exchan-
ges, and symposiums between the French and
Chinese sides in particular have helped lay a
solid foundation for carrying out this project.
At the Periodical Evaluation and Assessment
Meeting on April 2009, experts put forward
valuable ideas and proposals, essential to the
further research work of this project.

Today, on behalf of all team members, I would
like to take this opportunity to extend our
heart-felt gratitude to the various depart-
ments, units and enterprises who have lent us
their solid support, and for the officials and
experts who have given the research project
such a lot of attention. The Consulate General
of France in Wuhan, the Hubei Province
Development and Reform Commission, the
Hubei Province Department of Finance, the
Wuhan Municipal Development and Reform
Commission, and the Wuhan Municipal Bur-
eau of Finance, I thank you all.

1.2.4. Tentative Conclusions

• The characteristics of energy consumption
differ according to different types of build-
ing , with office buildings at the lowest
level and buildings for commercial use at
the highest.

•With different ownership and financial
management systems, residential build-
ings, public buildings and public buildings
for commercial use differ in terms of energy
consumption patterns, resulting in varying
levels  of motivation for energy-saving
renovation.



(such as construction investment, subsidies,
low interest rates and guarantees); the
utili-zation of credit funds from national
de-velopment banks; capital funds; guaran-
tee agencies; the reduction or exemption
of taxes; and revolving funds.

• In existing building energy retrofitting in
Hubei Province, the Energy Management
Contracting , Saving Energy to Service En-
terprises, and Saving Energy to Service In-
dustry mechanisms are still in their infancy,
and need the government to issue relevant
policies to provide support and incentives.

• Recycling funds specifically for energy-
saving renovation for buildings and finan-
cing platforms for energy saving and emis-
sions reduction is an important guarantee
to bring about overall scale effects, prom-
ote comprehensive energy-saving renov-
ation and introduce international capital in
a sustainable way. Financing platforms for
energy-saving and emission reduction can
take the form of:

• Liabilities financing;

• Third-party financing; or

• Rights and interests financing.

1.2.5. Closing Remarks

The establishment of an effective, long-term
financing mechanism for building energy
retrofits is the key to undertaking renovation
work for buildings on a large scale. Various
methods to apportion renovation expenses
put forward in the Managing Regulations on
Energy Conservation for Civil ian Buildings
lay a sound foundation, but they still need
to be perfected. Backed by various parties,
this research team has carried out preliminary
research in this regard and put forward ten-
tative proposals. They are not mature and
have room to improve, and comments from
officials and experts are most welcome.
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Part 2.
The Challenges 

of Energy Efficiency 
in Buildings





2.1.1. World Energy Consumption

Primary Energy Consumption

In the thirty-five year period between 1971 and
2006, the world’s total demand for primary
energy increased from 5.5 to 11.7 billion tons
of oil equivalent (toe). Petroleum was the
dominant source of energy, making up 34%
of all sources in 2006. The share of natural gas
in the mix increased the most. 

The sharp increase in demand seen starting
in 2000 comes from coal, especially in China.
Biomass had a relatively large share in 2006
(10%), slightly larger than the share of pri-
mary electricity, generated in equal degrees
by hydropower and nuclear power plants.
Primary heat, that is solar and geothermal
heat, makes only a very small contribution
to overall energy consumption and does
not appear in Figure 1.

2.1. Global Energy Challenges:
Energy Efficiency in Buildings, 

a Priority for China
Dr. Bernard Laponche, Independent consultant 

and international expert in energy and energy efficiency policies
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Between 1971 and 2006, global primary
energy demand per capita increased from
1.47 to 1.8 toe. Figure 2 shows the decrease of
primary energy following the two oil shocks
of 1973-74 and 1979-80, then its increase with
the oil counter-shock in 1986, and the reversal
marked by the decrease in demand by the
former Soviet Union countries after 1990.
Together, all of these fluctuations contributed
to the average demand per capita in 2000
being about the same level as in 1980.[ 1 ]After
2000, growth is higher, as seen in the total
demand figures. Much of this growth was
due to the growing economies of Asia and
especially China.

Final Energy Consumption

Final energy refers to the energy products
that are delivered to the end consumer.

The three largest energy-consuming sectors
of activity are industry, transportation and the
combination of residential and tertiary (public
and commercial services) sectors. 

In 2006, final energy consumption totaled
8,133 Mtoe (mill ion tons of oil equivalent)
split among the following sectors of activity:
resid-ential and tertiary used 34% of the
total; industry, 28%; transportation, 27%;
agriculture, 2%; and “non energy uses”, 9%. 

Residential, tertiary and the transport sectors
show strong and regular growth in energy
demand. A breakdown of consumption by
fuel product shows that petroleum products
lead the pack with a 43% share of final
demand, followed in nearly equal shares by
natural gas and electricity at 13% each. It is
striking to see the parallel between the
growth of transportation and the increased
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use of petroleum products. In 2006, transport-
ation, which runs almost entirely on petrol-
eum fuels, consumed 62% of all petroleum
products.

Inequalities in Energy Consumption
At Global Level

Inequalities between countries and regions in
per capita energy demand are quite large, as
seen in Figure 5. In 2007, primary energy
demand ranged from 7.9 toe per year in the
United States to 0.62 toe per year in sub-
Saharan Africa (not including South Africa).

Two Comparable Entities: 
China and OECD Countries

China and OECD member countries are comp-
arable in terms of populat ion,  with 1 .32
bi l l ion people in China and 1 .18 bi l l ion in
OECD countries. It is interesting to compare
their energy consumption by source to
understand the gap between so called “devel-
oped” countries and the largest of the emerg-
ing countries.

Coal consumption is 20% higher in China
than in OECD countries, while biomass con-
sumption is the same for the two entities.
OECD countries consume 6 times more oil,
22 times more natural gas, and 13 times more
primary electricity than China.

2.1.2. Energy Outlook And Constraints

Following Current Trends and Policies

The International Energy Agency (IEA) publi-
shes an annual “outlook” on world energy,
the “World Energy Outlook,” which is based
on an analysis of needs and resources accord-
ing to current policies and practices by
countries and businesses. This is known as the
“Business as Usual” or BAU scenario. In terms
of methodology, econometric relationships
provide the basis for the models, adjusted
mostly on past trends and the effects of
energy pricing on supply and demand. Focus
is on energy supply with few details about
energy demand. Despite these caveats, IEA’s
BAU outlook provides an important refer-
ence point. It represents the “official view” of
the OECD and is quite interesting as such.
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Figure 7, from the IEA 2005 report,[ 2 ] shows
its view of energy demand to the year 2030.

Starting in 2003, the tendency is for total
consumption to increase by about 1.4% per
year. Natural gas increases by 2.1% per year;
nuclear power increases 0.4% per year;
and “other renewables” increase a modest
6.2%. [ 3,4 ] The trend for worldwide primary
energy demand is to increase 1.8 times bet-
ween 2000 and 2030, with carbon emissions
increasing 1.6 times, and demand in OECD
countries increasing 1.4 times. Between 2000
and 2030, a US$16 trillion investment is
expected in ener-gy production, of which
60% for electricity (production, transmission
and distribution).

Developing countries would account for 62%
of the increase in energy demand. Their share
of energy consumption would increase from
30% today to 43% in 2030. China would take
the biggest share of the increase, with nearly a
third of the total, followed by Brazil and India,
which would each account for 5%. By 2030,
China’s energy demand would be equivalent
to all of Europe’s, an amount equal to that
consumed by North America today.

In the BAU scenario, the IEA foresees an
energy landscape in 2030 where energy
consumption would remain, for the most
part, oil-dependent and greenhouse gas
emissions would continue to increase despite
the dual threats of diminishing resources and
climate change.

This is not Sustainable

Pursuing current trends in energy consump-
tion at the global level will come up against
insurmountable constraints, limit development,
accentuate inequalities between rich and
poor countries, and contribute to divisions
in society.

Economic and social development is a legitim-
ate aspiration that requires access to energy.
The lack of energy-security will slow down
or stop economic and social development.
Development is dependent on geopolitical
constraints, access to resources, price increa-
ses, diminishing supplies in the medium term,
local pollution and environmental accidents,
as well as global climate change. Additionally,
high oil prices will ruin fragile economies.
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The IEA’s BAU perspective on energy shows
that developing countries who take the
OECD countries’ model as the one to emul-
ate will be faced with the impossibility of
matching it, either because it will be too
costly or difficult, or that because of energy
constraints, development will be radically
compromised, and not only for the poorest
countries.

The World energy system is submitted to four
large constraints of increasing magnitude:

a)Economic constraints: The amount of mo-
ney invested in energy evoked previously is
substantial. Furthermore, the price of energy,
especially oil, whose price increases in spring
2008 brought fragile economies to their
knees, will likely increase after the current
economic crisis is over. If emerging from the
crisis requires reinstating the previous develop-
ment model, demand pressures will be such
that the prices will increase straight away;

b) Supply constraints: Even if the question
about the size of remaining oil stocks remains
unanswered, there are limits and the 21st cent-
ury will very likely see diminishing supplies
and therefore price increases. Oil cannot be
the basis for sustainable future development;

c) Security constraints: Energy independence
is not necessarily required for a country’s
security, although a too-great dependency
on external sources can weaken an economy
because of supply risk and the potential for
cost increases. Extreme dependency, such as
is the case for transportation and petroleum
products, can lead to major conflicts;

d) Environmental constraints: Energy pro-
duction and consumption can cause damage
to the environment, life and human health
through air and water pollution, serious acci-

dents and climate change. The international
community mobilized to address such issues
through the 1992 UN Framework Agreement
on Climate Change and the 1997 Kyoto
Protocol, which took effect in 2005.

The IEA’s BAU outlook should not be taken as
a forecast but as a warning.

What if all Countries Matched 
the OECD Model? 

The traditional model of energy develop-
ment could probably last a while longer if it
was limited to OECD countries. But the plan-
et has five other entities of the same size –
China, India, other Asia and Pacific countries,
Africa and Latin America – that have legiti-
mate and desirable objectives for economic
and so-cial development.The current OECD
energy system, based as it is on gluttonous
energy consumption and ever-increasing
production, is untenable due to the above
constraints.

In fact, if China, India and the other non-OECD
countries on the planet were to consume
annually the same quantity of primary energy
per capita as the average of the OECD count-
ries (about 5.5 toe) in the 21 st century, the
total quantity of primary energy consumed
by 9 billion people would be about 50 billion
toe. That is more than four times the energy
currently consumed, which means we would
need four “planet Earths” to meet the energy
demand. This is impossible.

2.1.3. Energy Services 
And Energy Efficiency

The Real Need: Energy Services

The direct needs of a society (households,
companies, local communities) are not energy
products, but goods and services indispens-
able for their well being and quality of l ife.



Obtaining these goods and services requires
the consumption of energy to satisfy these
needs. The products and services that require
this energy consumption are called “energy
services”.

Figure 8 shows that the consumption of final
energy needed to ensure “energy services” at
the consumer level depends on several differ-
ent factors. It can vary widely, even for the
same service, depending on each factor.

The first factor (1) characterizes the “context”
in which the needed service will be obtained.
Contextual characteristics include the climate,
which necessitates a greater or smaller degree
of the “comfort” service. Also included is the
size and type of geographic territory, whether
large expanses, mountain zones or great
distances, and the type of building develop-
ment, such as urban or rural areas, urban dens-
ity, types of buildings, along with the means of
transportation, whether by road, rail or rivers,
etc.

The second factor (2) characterizes “behavior”.
It includes lifestyles, such as the “American
way of life”, for example. Behavior affects the
ways things are used, such as taking the car
for short distances instead of walking , or
leaving lights on in houses or offices even
when no one is present. The way needs are
expressed even, mixing lifestyle with behavior,
is a very important aspect of this factor. For
instance, does someone really “need” three
televisions in an apartment, or only one? It
depends on the behavior of the consumer
but also of those who, at every level, make
decisions about things that affect “context” as
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well as “behavior”. A “frugal” behavior means
moderation in energy consumption.

The third factor (3) relates to the machines
or “equipment” used to obtain the needed
service. For example, comfort depends on
the technical qualities of house construction,
the type of heating used, the efficiency of
electrical appliances, etc. This third factor
applies to every type of energy use: motors,
hot water heaters, or ovens in industry; cars,
trains, subways or bikes for transportation;
building , appliances, heating and cooling
systems, lighting in tertiary and residential
buildings.

Depending on “context,” “behavior,” and
“equipment,” the final energy (4) required
for a given service can be radically different.
There are many examples, such as the quant-
ity of combustible material necessary to
attain the same interior temperature in a well-
insulated building compared to one that is not.
Another example is the amount of gasoline
used to go a certain distance depends on the
means of transportation, or the electricity
used by an incandescent light bulb compared
to a compact fluorescent bulb to get the
same level of lighting.

Reducing final energy consumptions leads to
a reduction in primary energy consumption
(5), whether primary energy comes from
national or imported sources.

The new energy paradigm consists in creat-ing an
“energy system” that includes not only the ener-
gy sector (supply), but also the consumption of
energy (demand) and ensures its development in
such a way as to obtain energy services under
optimal conditions in terms of resource supplies,
economic and social costs, and local and envi-
ronmental protection. 

End-Use Energy Efficiency: 
a Win-Win Strategy

An end-use energy efficiency policy consists
in implementing measures and actions that
lead to reductions in energy consumption
for all economic and social activities. Actions
should affect the context, behavior and equip-
ment of energy service delivery.

Actions related to “context” include urban
planning and building , transportation systems
and the way traffic is organized, as well as
housing policies. These are infrastructure
policy choices and depend mostly on decis-
ions made by business and political leaders
for the community, rather than on decisions
made by individual citizens.

Affecting “behavior” means actions to increase
energy awareness at all levels and requires a
substantial effort to inform, advise and teach
people about appropriate energy use. It also
implies that citizens discuss and debate the
energy policy choices and decisions.

Actions related to “equipment” have a large
technical component. Research and innovation
are essential elements for an energy efficiency
pol icy,  but are only part of the solution.
Energy-efficient equipment and appliances
must penetrate the marketplace and become
commonplace. Several complementary tools
can be used, such as industrial policy, training
for trades and professions, consumer inform-
ation, offerings and various financial incentives
or appropriate financial mechanisms.

An energy efficiency strategy touches on all
economic and social activities. The character-
istics of industrial and consumer civilization
must evolve in a significant way as soon as
possible.



Reducing final energy demand for the same
level of service leads to a reduction in primary
energy demand, which in turn leads to less
money spent on production and the import-
ation of oil and natural gas. The favorable
consequences for the environment are easy
to understand: the energy that pollutes the
least is that which, for equal service, is neither
consumed nor produced. For a given use,
every time we lower energy consumption,
we reduce the pollution and risks due to the
energy system. 

Financial resources that the consumer or
community would have spent on obtaining
energy can be spent on other needs and im-
prove the quality of economic growth. For
instance, funds can be spent on building
housing or health care and education facilities,
developing mass transit, etc. Periods of energy
price increases, particularly for oil, increase
the economic benefits of energy efficiency,
for the State as well as for consumers.

In addition, investments made in energy
efficiency create jobs and employment.
Manufacturing new construction materials,
high-performance equipment, reinforcing
building insulation, installing mass transit sys-
tems, developing expertise and consultancy,
along with motivational and educational
efforts, are all sources of new jobs.

Economic and social development to meet
internal demand is particularly important
during this period of worldwide recession
and reduction in international trade.

New Deal and New Actors

Traditionally, energy production and distribu-
tion companies, with government support,
have been in charge of all matters related to
energy. The growth and the energy policies

these companies have imposed have led to
economic and environmental dead ends. The
end user has been relegated to a passive role,
reduced to paying the bill, when energy was
furnished and he was in a position to pay for it.

The field of action for energy efficiency is
not limited to energy production and distri-
bution companies. It includes companies in
the manufacturing , construction and trans-
portation industries, as well as consumer
behavior and modes of consumption. Obtain-
ing energy services depends on develop-
ment planning , building construction quality,
production of equipment and materials, and
transportation policies oriented toward using
mass transit and rail. Architects, urban des-
igners, builders and equipment manufact-
urers have as important a role to play as the
energy production and distribution compa-
nies. Each consumer, household, business and
community becomes not only a consumer of
energy, but also a participant in conceiving
and putting into place a new energy policy.
It should, in fact, be called a new “energy
services policy”. 

In this new context of “re-appropriating”
the subject of energy, new participants with
important roles to play appear. The State has
a role to play, but more as a regulator than
master of the game. Energy suppliers have
to modify their practices and move from a
role of simply providing an energy product to
an overall role of meeting an energy service
need. It means that demand and supply be
put on equal footing with demand focused
on lower energy consumption for the same
level of service and comfort, and supply
focusing on production and delivery of energy
products to satisfy consumption needs.  
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Thirty Years of Experience in the European
Union: “Negajoules”

By implementing energy efficiency policies,
European Union countries (EU15) succeeded
in preserving economic growth despite major
oil price increases following the oil shock in
1973-74 and especially that of 1979. Between
1979 and 2007, final energy demand increas-
ed only 6% per capita even though the
gross domestic product (GDP), adjusted
for inflation, increased 67% per capita.

If the EU15’s final energy intensity (units of
energy per unit of GDP at purchasing power
parity) had stayed at the status quo level
after the 1979 oil shock, final energy demand
would have increased from 955 Mtoe in 1979
to 1764 Mtoe in 2007. Because of the effi-

ciency measures taken, actual final energy
demand was only 1117 Mtoe. The quantity of
energy saved through the decrease in energy
intensity can be called “negajoules”. The “nega-
joules” in 2007 were therefore 647 Mtoe. The
savings exceeded the 523 Mtoe of petroleum
products consumed that year.

Nearly a cumulative total of 5.8 billion toe
of final energy was saved over the 30-year
period between 1979 and 2007. Part of the
savings was due to structural changes in the
EU economy, but a finer analysis shows that
the bulk of the savings came from improve-
ments in energy efficiency, particularly in in-
dustry and buildings through improved equip-
ment performances and better construction
quality. 
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An Emission Reduction Forecast 

In 2006, the IEA published a study, “Energy
Technology Perspectives”, about technologies
that should help reduce greenhouse gas
emissions in the future. The report presented
various scenarios, from a baseline “reference”
scenario that extended past trends into the
future, to several Accelerated Technology
(ACT) scenarios, including the most ambit-
ious one, the “TECH Plus” scenario. The lat-
ter, known as the “Climate” scenario, would
reduce CO2 emissions in 2050 to a level 13%

less than the 2003 level. It is the most favor-
able scenario in terms of emission reduction.

Figures 10 & 11 reproduce the results for the
“Climate” scenario as presented in the 2006
study and show that end-use energy effic-
iency is the most important instrument for
lowering CO2 emissions. Modifying the tech-
nologies of electricity generation, which is
generally considered to be the most decisive
way of reducing emissions, would result in
only 34% of reductions compared to 45%
resulting from end-use efficiency.

2.1.4. The Stakes Of Energy 
Efficiency In Buildings 

Energy Consumption in Buildings 
in Three Representative Countries

Comparing China, the United States and the
European Union (the present EU at 27 coun-
tries) shows what is at stake in terms of build-
ings’ energy consumption.

China is the largest of the emerging countries
and its strong economic growth has led to a
rapid increase in energy demand. The United
States and the European Union are represent-
ative of the OECD countries, but with
growth models and lifestyles that are quite
different from one another, and that result in
very different energy demand structures. 
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Figure 12 shows that final energy demand for

the three countries was very similar in 2007;

growth was very moderate in the EU and USA

and very high in China. The same is true for

final energy demand in residential and ter-

tiary sector buildings (or “building sector”) in

the three countries, although energy demand
in the building sector was less rapid than for
total demand (Figure 13).

In Figures 13 and 14, buildings in China, the
USA and the EU show significant differences
in the structure of their final energy demand.

Source: Enerdata.
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Residential buildings show the largest differ-
ences in types of final energy consumed.
Biomass is the main source of energy in China,
due to a largely rural population that uses
wood for heating and cooking. The USA and
the EU use mostly fossil fuels, especially natu-
ral gas, and electricity.

Tertiary building consumptions are more
similar between the three entities. Most ter-
tiary buildings are located in urban areas and
large cities, and rely on electricity and fossil
fuels. In China, there is a preponderance of
coal use compared to a greater use of natural
gas in the USA and the EU.

Per Capita Energy Consumption

Overall comparisons of energy consumption
provide useful information and show relative
sizes, but the population must be taken into
account for a realistic comparison. In 2007,
China had a population of 1.32 billion consum-
ers; the USA, 302 mill ion, and the EU, 494
million.

On a per capita basis, final energy consump-
tion is very different, for both total consump-
tion and residential and tertiary building
consumption, as seen in Figures 16 and 17.

A Comparison Between USA 
and EU Energy Consumption in Buildings

I t  i s  interest ing to compare the type of
primary energy consumed per capita in build-
ings in the United States and the European
Union. Figure 16 shows the share of fossil

fuels and heat, which are mostly used for
thermal purposes such as heating , hot water
and cooking , compared to electricity, which
is used for electricity-specific purposes such
as lighting , appliances, audiovisual and office
equipment.
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the EU. However, there is three times as much
electricity per capita in the USA.  

Some of the differences between the USA’s
electricity consumption and that of the EU
may be considered “improvements” in the
standard of living (notably the use of air-
conditioning), but many are the result of a
lifestyle built on wasting energy resources and
neglecting environmental protections. 

Large differences in final energy demand
cause even bigger differences in primary
energy supply needed to satisfy the final
energy demand. The quantity of primary
supply can be calculated by taking a factor of
1.1 for fossil fuels and heat consumption and a
factor of 3.04 for electricity consumption,
which equals an average yield between
primary and final energy of 0.33, including
production, transportation and distribution
losses. Figure 17 shows that the primary
energy supply needed is 2.3 times higher for
the USA.

Assessing Energy Efficiency Potential
in China’s Buildings

In China, there are great differences in energy
demand between ultra-modern urban cities
that are “energy gluttons” and rural regions
where there is little supply and most energy
comes from traditional sources.

Economic growth in China will progressively
lead to a higher standard of living and a gener-
alization of energy services for a larger por-
tion of the population along with higher
urban growth. The demand gap between
rural and urban areas will be reduced, and
there will be a general increase in the amount
of energy consumed per capita as there is an
increase in the number of people accessing
additional energy services. In parallel ,  an

In 2007, final energy demand per capita in
residential and tertiary buildings was 1.60 toe
in the United States and 0.91 toe in the
European Union. That is a difference of 0.69
toe per capita. The per capita consumption
of fossil  fuels and heat, used for thermal
purposes, is about the same in the USA as in

Source: Enerdata.
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increased use of modern energy products
and/or technologies will replace traditional
energy products, and renewable energy will
gain a larger share. 

This development will take place within the
geographic and climatic context of China, of
course. It will also follow the special character-
istics of the Chinese lifestyle and people, as
well as urban development, and housing and
construction policies. Further, it will take into
account a greater or lesser degree of energy
efficiency, both in technical and economic
terms, as well as in terms of behavior. It is
important for policy-makers to have an idea
of the stakes associated with one or other
policy and behaviors. 

Two scenarios show simulations of the evol-
ution of energy demand in residential and
tertiary buildings in China, based on the com-
parison in the previous chapter showing per
capita consumption. The first scenario (“USA
model”) assumes that per capita energy
demand increases to match the current
USA consumption of 1.60 toe per capita. The
second scenario (“EU model”) assumes per
capita energy demand increasing to match
the current EU demand of 0.91 toe per capita.
Catching up with either the USA or the EU
would take place at an indeterminate date,
within a few decades.
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Source: Enerdata.

Two “Models” for Future China’s Energy    
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In the first scenario, assuming a stable Chinese
population, energy demand in residential and
tertiary buildings would reach 2.1 billion toe
versus 1.2 billion toe in the second scenario,
for a difference of 900 Mtoe in annual final
energy demand for all residential and tertiary
buildings.

If the same yield between primary energy
demand and final energy demand is assumed
for each scenario at the present value, the
total quantity of China’s primary energy
demand to fulfill the needs of the building
sector would be annually: 4.4 billion toe in the
first scenario (the “USA model”) and 2 billion
toe in the second scenario (the “EU model”).

The stakes are high: a difference of 2.4 billion
toe in annual primary energy demand.

This simulation is neither a projection nor a
prescription. China’s development will cer-
tainly follow new models and lifestyles that
will be different from those of the United
States and the European Union today.
However, the results of the simulation pro-
vide a reasonable order of magnitude of the
differences inherent in the choice or pursuit
of an “energy gluttonous” model of consump-
tion, particularly as regards electricity use.

Similarly to the IEA’s “Business as Usual”
scenario presented in Chapter 2, simulations
based on the idea of matching energy
demand in the USA or the EU should be
taken as a warning for economic and poli-
tical decision makers. It provides precious
arguments in favor of constructing a civil-iza-
tion that is frugal and efficient in its con-
sumption of energy. 

2.1.5. Conclusion

The pursuit of current trends in the world’s
energy consumption is coming up against
insurmountable constraints and leading to an
impasse. It accentuates inequalities between
rich and poor countries and contributes to
social divisions. Energy insecurity will hamper,
if not make impossible, economic and social
development. Geopolitical constraints, price
increases, diminishing supplies in the medium
term, technological risks, and external shocks
of all kinds will challenge physical delivery, as
will environmental degradation, pollution,
accidents and global climate change. 

The only way to meet the challenge is by
putting into place a new model of energy
systems, which would be compatible with
sustainable development. It is necessary to
“respond to current needs without compro-
mising the possibility of future generations to
meet their own needs”.

An overall energy efficiency strategy is neces-
sary and possible, applicable to all sectors of
activity, in all countries and territories. Interest
in energy security converges with the fight
against climate change for large-scale applica-
tions. An overall strategy for energy efficiency
is the first line of defense in reducing energy
security vulnerabi l ity.  In many countries ,
energy efficiency is the primary source of
energy (“negajoules”). It is also the key to miti-
gating greenhouse gas emissions. In addition,
such a strategy helps economic development
through reductions in spending on energy
and by creating new activities and jobs. In fact,
economic development is one of the key
imperatives for energy and economic policies.
The stakes are high in terms of energy, the
environment, and the economy, especially
for fast growing countries that need infra-



structure such as housing and transportation
systems, as seen in the Chinese building sector
example.

Capitalizing on these potential gains requires
one to mobilize financial and human means
that are commensurate with the stakes at
hand. The means themselves create value.
Priority should be given to increasing human
and institutional capacity in terms of quanti-
ty and quality for local teams, agencies,
experts and networks at all levels. In addi-
tion, specific financial resources and mecha-
nisms should be put into place: dedicated
public funds, guarantee funds, public-pri-
vate investment funds, along with the cre-
ation of “Energy Service Companies”.
Transportation policies should be radically
re-oriented toward mass transit in urban
and suburban areas, and toward railroads to
carry people and freight on long distances.
Energy companies should contribute to this
effort.

If rich and industrialized countries, particu-
larly those who waste energy resources, were
to put an ambitious energy efficiency strate-
gy in place, they could reduce their energy
demand substantially. Emerging and develop-
ing countries need to increase their energy
consumption, at lower levels for the same
services than those of rich countries in the past,
levels that have done much damage already.

In the coming decades, energy efficiency will
be the main source of energy for most
nations, including the big energy-producing
countries. The policies that emerging coun-
tries, particularly China, put in place in the
next ten years will be decisive for the coun-
tries, and for the planet.

China needs strong economic growth to
satisfy the needs of its large population.  Such
growth is necessary and legitimate but needs
to occur within a huge effort for energy effi-
ciency in all sectors and all areas, both urban
and rural. Designing and building new infra-
structure, urban development, buildings
and transportation systems, and renovating
existing buildings and industrial plants for
energy efficiency has great potential for
saving energy.

A combination of energy efficiency and the
development of renewable energies, allied
with China’s capacity for innovation, will
a l low it  to invent and execute a “new
energy model” for sustainable develop-
ment.  Energy eff ic iency is  a  formidable
source of businesses and jobs in every
sector and territory and helps overcome
socia l  problems caused by the current
economic crisis.
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2.2.1. Introduction

This report has been prepared for the
Sino-French Workshop on Energy Efficiency
Retro-fitting of Existing Buildings, with a
view to analyzing the social ,  economic
and envi-ronmental significance of build-
ing energy retrofits. The report begins with
the current s ituation of China’s energy
consumption and demand-supply trends
over medium- and long-term periods in
order to clarify the problems and challenges
faced in achieving national sustainable eco-
nomic development goals, and pinpoint
energy saving as the stra-tegic choice for
sustainable development. 

The second part of this report deals with the
current situation of China’s energy consump-
tion and the energy efficiency of buildings,
and points out, based on the experiences of
developed countries, that the energy effi-
ciency level of buildings has a direct impact
on China’s energy demand and supply. 

Finally, it focuses on the significance of building
energy retrofitting for social and economic

development. It argues that energy retrofits
for existing buildings can not only reduce
energy consumption and protect the envi-
ronment, but can also play an important
part in various other aspects. It can directly
mitigate the pressure of energy supply by
urban development, boost national econo-
mic growth, promote technological innova-
tion of related products and enhance inter-
national competitiveness. It can also raise
urban residents’ living conditions and stan-
dards, promote the city image and improve
the environment for investment and tourism.
It can also raise property values and narrow
the gap between the rich and the poor. The
report concludes energy retrofits for existing
buildings is essential for sustainable urban
development, and should be carried out along
with current work that aims at expanding
domestic demand and maintaining growth.

2.2.2. Current Situation 
of China’s Energy Production 
and Consumption

Since the arrival of the new century, China’s
energy production and consumption has

2.2. On the Significance of
Promoting Energy Efficiency
Retrofitting of Buildings in View 
of China’s Social and Economic
Problems and Challenges

Mr. Dai Yande, Deputy Director of the Energy Research Institute,
National Development and Reform Commission, Beijing
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Growth of Total Energy Consumption in China since 1990

Source: Energy Research Institute of the National Development and Reform Commission in Beijing.

300,000

250,000

200,000

150,000

50,000

0

300

250

200

150

100

50

0

-50

-100

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

Annual sequential growth      Energy consumption

En
er
gy
 c
on
su
m
pt
io
n/
M
tc
e

G
ro
w
th
 e
ne
rg
y 
co
ns
um

pt
io
n/
M
tc
eAnnual growth rate during the 8th plan: 5.9%

Annual growth rate during the 9th plan: 1.1%
Annual growth rate during the 10th plan: 10.2%
Annual growth rate during the  first 3 years of 11th plan: 8.2%

22Figure

developed rapidly and unconventionally, as
opposed to the mild growth after the found-
ing of China and especially since the inception
of the Reform and Opening-up policies.
Between 2001 and 2008, total energy con-
sumption achieved a net growth of 1.47 billion

tce (ton of standard coal equivalent), twice
the growth of the period between 1981 and
2000. The energy consumption elasticity
coefficient also increased dramatically from
around 0.5 to the current 1.0.

In 2008, China’s coal production totaled 2.8
billion tons, 1.5 billion tons more than in 2000,
doubling production capability for the past
8 years and growing by 200 million tons per
year. Power capacity has expanded to 793
million kW, 2.9 times capacity for the year
2000, with a net growth of 521 million kW,
that is, 65 million kW of annual growth at a
rate of 14.3 percent. Domestic crude oil pro-
duction had a limited increase, but oil imports

grew to almost 200 million tons, 2.64 times
more than in the year 2000, with a net
growth of 124.24 million tons at an annual
growth rate of 12.9 percent. Dependency on
foreign oil increased from 33.8 percent to
51.3 percent. Natural gas production grew to
76.08 billion cubic meters, 2.8 times the figures
for 2000, with an annual growth rate of 13.7
percent.



Globally, China’s energy consumption growth
rate since 2001 is much higher than in the
world’s average and developed countries, and
has also surpassed those of rapidly develop-
ing countries such as India and Brazil. Energy

consumption accounted for 16.8 percent of
the global total in 2007, rising from 8.8 percent
in 1991 and thus exerting a larger influence on
world energy consumption.
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China’s Energy Production and Supply Capacity since 1980 (indexed)

Source: Energy Research Institute of the National Development and Reform Commission in Beijing.
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Energy Consumption of Major Countries since 1990

Source: Energy Research Institute of the National Development and Reform Commission in Beijing.
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The rapid growth of China’s energy con-
sumption is driven by the ongoing industriali-
zation and urbanization process, and is also
boosted by Chinese people’s rising standards
of living , which makes it a reasonable and ine-
vitable phenomenon. But this unconventional
growth has exerted enormous pressure on
energy supply,  and resulted in a  negat ive
impact on ecology and the environment, thus
posing a grim challenge to China’s sustainable
development.

2.2.3. Energy Problems 
and Challenges 
in Future Development

The Chinese economy, with its rapid and
unprecedented growth over three decades,
has pushed itself into the top three countries
in the world; nevertheless, its economic
development levels are still low, considering
its poor base and large population. In 2006,
the world GDP per capita was US$7,158, while
the Chinese GDP per capita of the same year
was US$2,042, 28.5 percent of the global
average and less than 10 percent of the GDP
per capita of OECD members.

On the other hand, with its low level of eco-
nomic development, its energy consumption
has grown alongside the economy to 2.85
billion tons of standard coal in 2008, becom-
ing the world’s number two consumer, using
18 percent of the world’s total.  However,
because of its large population base, energy
consumption per capita in China actually lags
far behind the world’s average. In fact it is
just 90 percent of the world average, less
than 20 percent of the USA, and 30 percent
of OECD members.

For the foreseeable future, China’s top prio-
rity will be to develop its national economy,

eliminate poverty, significantly raise people’s
living standards and build a well-off society
in an all-round way to benefit the people.
This means that the Chinese economy will
keep its rapid growth, with accelerated in-
dustrialization and urbanization, rendering
increasing energy consumption inevitable.
Looking further ahead, to realize the eco-
nomic development goals set for 2050, it is
unavoidable that energy consumption will
rise dramatically over the current level.

The experiences of developed countries
demonstrate that in societies with clean envi-
ronments, comfortable standards of living
and convenient transportation, energy con-
sumption per capita exceeds four tons of
standard oil, with power capacity per capita
of at least 1.5 kW and power consumption
per capita over 6,500 kWh. If energy effi-
ciency in China equaled that of Japan and
Germany, the highest in the world, to achieve
the fixed economic development goals for
2050, with its projected population of 1.5
billion, the total energy needed would be the
equivalent of 6 billion tons of standard oil.
This is 60 percent of the current world’s total,
and three times the current figure in China.
This scenario must be avoided in the light of
global warming and regional environmental
protection issues. In any event, the situation is
not likely to emerge because of the Chinese
and global energy supply situation. But the
irrefutable conclusion is that if the targeted
economic development goals are to be achie-
ved in full, energy demand will unavoidably
rise dramatically over the current level. 

Even if the demand could be met, domestic
energy resources will not be enough. China is
rich in coal resources, but scarce in oil and nat-
ural gas. As of the end of 2007, estimated
reserves of coal in China make up 13.5 percent
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of the world total, of oil 1.3 percent and of
natural gas 1.1 percent. Because of China’s
large population base, the known energy
resources amount per capita compared to
the world average is 67 percent for coal, 6.3
percent for oil and 5 percent for natural gas.
In the long run, the shortage of energy will
become a bottleneck for social and economic
development. In order to maintain economic
growth, importing oil and natural gas will
be inevitable, and this poses a challenge to
China’s energy security. 

Environmental pollution caused by energy
consumption is also an important factor hamp-
ering social and economic development. In
2006, more than 80 percent of the SO2

(smoke and dust) emissions from energy con-
sumption set a record of 20 million tons. Acid
rain zones across the country accounted for
30 percent of the total area. With regard to
water resources, water quality across the
country is deteriorating , threatening crops,
food safety and people’s health. Experts
estimate that the direct economic loss
caused by pollution every year accounts for
1-2 percent of GDP, with the potential loss as
high as 4 percent or even more.

Further, greenhouse gases, such as CO2, from
global energy consumption are affecting the
global climate to such an extent that the
very survival and development of mankind is
threatened, making it a focal point of the
international community. China is known for
its massive energy consumption, as well as its
energy consumption structure of coal as the
major component. Currently its CO2 emis-
sions account for more than 20 percent of the
world’s total, making it a country with one of
the highest levels of emissions in the world,
second only to the USA. China’s energy and
environmental issues have inevitably become
important to the world as a whole.

2.2.4. Energy Saving – the Inevitable 
Choice of Energy Strategy

China will  face a host of problems and chal-
lenges in its future social and economic develop-
ment because of energy shortages, energy
security, ecological protection, and climate
change. To confront and solve these issues is
an extremely complicated project that will
require enormous financial and social costs.
Economization and raising energy efficiency
is one low-cost method that can yield quick
results and has no side effects. The experi-
ences of successful energy-saving countries
such as Japan, and the great effects on social
and economic development which have
resulted from China’s efforts to raise energy
efficiency and promote energy-saving in the
past few decades, show that to raise energy
efficiency and promote energy-saving is
part of the long-term, effective solution to
China’s future energy problems. Because of
this, China’s energy development strategy
has changed from “regarding coal as the basis
and electricity as the center” to “giving pri-
ority to con-servation, promoting diversi-
fied development, protecting the environ-
ment, and building a stable, economical,
clean and safe energy supply system to
achieve sustainable energy development as
a foundation for social and economic sus-
tainable development”. Thus prioritizing
energy saving is identified as an important
component of the energy development
strategy.

Guided by this energy development strategy,
in its social and economic development of
the past few years, China has endeavored to
optimize its energy structure, increase the
percentage of low-carbon and non-carbon
fuel use, and reduce the dependency of eco-
nomic development on fossil fuels. As well as
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industry. But for the foreseeable future, energy
consumption in buildings and transportation
will inevitably increase rapidly. The experi-
ences of developed countries show a pattern
of growth and energy efficiency in these two
areas that will have a major impact on China’s
energy supply and demand, and its treatment
of environmental pollution.

Currently, China’s energy consumption in
buildings is well below that of developed
countries, but as an emerging economy,
China is creating a market with the fastest
growth in the world. China has 40 percent of
the world’s buildings and the area of new
construction is increasing at an annual rate
of 2 billion m2. Energy consumption is also
rising sharply. In 1978, buildings’ energy con-
sumption accounted for 10 percent of all
energy consumption, but today, coal con-
sumption for heating alone is 10 percent of
all coal consumption. In a rough estimate,
buildings’ energy consumption today has
increased to 20 percent of all  energy con-
sumption: the same as the nation’s entire
energy consumption at the end of the 1970s.
With accelerated urbanization, expanding
new construction, rising demands for housing
quality, as well as new energy needs for transi-
tion zones, the projected energy consump-
tion of buildings in 2020 is one third of all
energy consumption, in other words, more
than a billion tons of standard coal.

This prediction was made with full considera-
tion of energy-saving factors. If energy-saving
policies and measures are not formulated and
implemented, demand for energy will rise by
several hundred million tons more than the
current figure. Thus the implementation of
energy retrofitting for buildings will have a larg-
er and larger impact on future energy supply
and demand. In developed countries, energy-

efforts in energy production and supply,
China has worked hard at exploring a brand
new industrialization path of low consump-
tion and emissions and high benefits and out-
put in energy consumption. It is building an
energy-saving , environment-friendly society,
reforming the economic development pat-
tern to realize the harmonious development
of society, the economy and the energy
environment. It is also promoting an energy-
saving lifestyle to usher in a new wave of
economization across the country.

2.2.5. Significance of Energy Saving 
in Buildings for Social 
and Economic Development

Clothing , food, shelter and means of travel
are the fundamental needs of people’s every-
day lives. Whether for industrialized countries
that embarked on rapid development a hun-
dred years ago, or for emerging economic
powers such as China, construction is at the
core and is a benchmark of development. The
social development goals defined a hundred
years ago were to satisfy people’s ever-rising
material and spiritual needs, and in fulfilling
these goals, global energy consumption has
shot up a hundred times since a century ago.
But human life still revolves around the basic
necessities. Looking at the current status of
developed countries, energy consumption can
be divided into three equal parts: energy for
production activities; energy for transport-
ation; and energy for buildings. To date, the
accumulated energy consumption of build-
ings accounts for more than 50 percent of
total energy consumption. Thus energy saving
in buildings can have a great effect on energy
consumption.

China is in a period of heavy industrial develop-
ment, with energy consumption mostly in
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saving from a market perspective. Never-
theless ,  the observance of energy saving
standards for new buildings is less than sat-
isfactory and requires more commitment,
or else it will  prove difficult to renovate the
several billion m2 of new buildings that go
into use every year.

In existing buildings, the work is an arduous
task fraught with problems because of their
large number, their wide geographic distribu-
tion, and insufficient policy guidance. Progress
is difficult. The renovation target for existing
buildings set by the Ministry of Construction
for the 11 th Five-Year Plan period is 25 percent
for major cities, 15 percent for medium-sized
cities, and 10 percent for small cities. By 2010,
13 billion m2 of existing urban  buildings must
be renovated across the country. This target
will be difficult to meet because of problems
in financing , implementation mechanisms,
and the measurement of energy saving for
the renovation work. There is also a distinct lack
of awareness of the potential social and eco-
nomic benefits brought about by this work.

In light of China’s social and economic develop-
ment, especially with the background of
the global economic recession, slack demand
and employment pressure, boosting this
renovation wi l l  have a direct impact on
energy conservation, lightening energy supply
pressure and increasing environmental pro-
tection. Furthermore, it can play a positive
role in the following aspects.

Boosting Domestic Demand 
and National Economic Growth 
and Creating Job Opportunities

The construction industry is a mainstay in
China, creating enormous social wealth and
job opportunities. In 2003, it employed 4.8
percent of the nation’s workforce, including

saving in buildings has achieved remarkable
results. Since the energy crisis of 1973,
developed countries have paid a lot of
attention to this need and, after 30 years the
energy used by new buildings has decreased
to between a third and a fifth of the original
figures. Two billion m2 of new construction
appears in China every year, and it is pre-
dicted that by 2020, 40 billion m2 of build-
ings will be added. If the current energy
consumption level of buildings continues,
1.2 tril l ion kW of power and 400 mill ion
tons of standard coal will be consumed an-
nually. If the energy consumption of the
production of construction materials is in-
cluded, by 2020 more than half of China’s
energy will be consumed by construction. If
new buildings were to meet energy-saving
criteria, and existing buildings underwent
retrofitting phase by phase, by 2020, 420
billion kW of power, or 260 million tons of
standard coal, could be saved annually. 
If 300 million m2 of public buildings were 
constructed every year, at a calculation of 
a 50 percent energy-saving standard per m2,
30 kg of standard coal per m2 of public build-
ings could be saved, that is, 9 million tons of
standard coal every year. This is equivalent 
to 10 coal mines each with a capacity of 
1.26 million tons. In a nutshell, energy-saving
renovation for bui ldings would have an 
enormous impact on future energy supply
and demand in China.

Energy-saving work on new and existing
buildings is carried out simultaneously. So far,
this work in new buildings has made good
progress. The relevant mandatory standards
and regulations have been issued and the
process of design, construction and exami-
nation is closely supervised. Energy efficiency
labeling is being promoted to promote energy
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development, such as technological innova-
tion in room-temperature control devices for
home heating and control sets of heat supply
systems, radiators and pipes. It can also lead to
an improvement in heat preservation prod-
ucts for building envelopes in northern
China, and promote the development of the
construction material industry. Rough esti-
mates claim that if renovation is carried out
rigorously according to plan in the next 5 to
10 years, annual production values of the
related sectors driven by energy saving in
buildings will reach RMB100 billion, sufficient
to push the national economic growth rate
up by 1 percent.

Promoting Technological Innovation 
of Related Products and Enhancing
International Competitiveness

Market demand is the driving force of
technological innovation, while technological
innovation in turn pushes market develop-
ment. This is what economic restructuring
in China has achieved over the past three
decades. As a major country, China should
foster its own R&D capability based on the
vast markets. In recent years, with the rapid
development of new construction markets,
innovative products have mushroomed in
the markets, some reaching world-leading
standards.

The rejuvenation of China through science
and education is mostly the result of govern-
ment policy-backing and market develop-
ment. To expand the market of existing build-
ing energy retrofits will create more space for
intellectual activities in research institutes,
driving them to meet specialized demands.
For instance, there is a lack of sunshade prod-
ucts in China, and automatic controls for
buildings’ energy systems lag far behind
world-leading standards. If, under the govern-

the rural surplus labor force of 30 million
people, a third of all migrant workers.

In the current global financial crisis, real estate
markets in developed countries as well as
developing countries are facing a downturn,
resulting in a shrinking of building material
markets and the employment prospects of
construction workers. The situation in the
construction industry has led to an economic
slump. To what extent are China’s economy,
which has maintained a rapid development
momentum for 30 years, and the real estate
markets affected by the global crisis? How
long will the situation last? Experts’ answers
differ. But the fact is that real estate markets
and the manufacturing industry are on a
downhill run. Since October 2008, the indus-
try’s need for labor shrank, leading to a sharp
rise in unemployment. Against the backdrop
of expanding domestic demand, maintaining
growth and solving unemployment issues,
to expedite energy retrofits for existing build-
ings can not only save energy and alleviate
urban environmental pollution caused by ener-
gy consumption, but also expand domestic
demand and create more jobs, making a con-
tribution to economic development and
social stability.

It is estimated that as of 2006, the total floor
space of buildings in cities amounts to 17.45
billion m2. Seven percent of the buildings
are energy saving , which means 16.23 billion
m2 have yet to go under renovation. If the
task is to be finished in 10 years, at a cost of
RMB200 per m2,  annual  input wi l l  be
RMB324.6 billion for 1.623 billion m2 a year.
If the GDP growth rate of 2009 is calculated
at 8 percent, renovation for existing buildings
will account for 1 percent of GDP and provide
9 million new jobs. Furthermore, energy saving
in buildings can also boost related industry
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In the large-scale renovation of existing build-
ings, when projects of heat insulation and
sun-shading are carried out, the uniform flat
rooftops can be replaced by sloping roofs
of various designs, to strengthen the city’s
traditional cultural identity while adding a
fitting sense of modernity. This can create a
refreshing environment for investment and
tourism, providing more space for the sus-
tainable development of the urban economy
and society.

Raising Property Values and Narrowing 
the Gap Between the Rich and the Poor

Renovated buildings will greatly improve in
terms of exterior appearance, interior com-
fort and spending on energy, which will
raise property values.  Low- or medium-
income families who have benefited from
government welfare housing programs can
reap sizable profits from leasing these houses
or putting them on the market. If they decide
not to, they can still appreciate the value
added from energy saving renovation. In-
creasing people’s wealth will help ease social
issues caused by the widening income gap
of urban residents.

Extending Building Lifespan 
and Reducing Energy Waste

In China, demolished buildings account for
40 percent of new buildings in terms of
floor space every year. The average lifespan
of buildings in many cities is 20 to 30 years,
half the designed 50 to 70 years (while the
lifespan of buildings in Europe exceeds 80
years). This short lifespan undermines the
accumulation of wealth and leads to an enorm-
ous waste of energy.

Buildings in cities are a reflection of cities’
history and culture. Demolition is not only a
drain on wealth, but also the destruction of

ment’s guidance, the market for energy effi-
ciency retrofitting is established, it will not
take long for products independently devel-
oped by domestic teams to reach world
standards. Similarly, independent innovation
and application of energy saving products
such as wall materials and energy saving
doors, windows and rooftops will lead to
the overhaul of building material markets,
and the strengthening of exported products’
competitiveness.

Raising Urban Residents’ Living 
Conditions and Standards

Many residents in northern China will  not
tolerate wearing thick clothes indoors in winter,
while using air conditioners in summer. Along
with rising living standards, they expect more
comfort and better l iving conditions. The
renovation of existing buildings and a better
capability to preserve heat will no doubt raise
room temperatures in winter as well as in
transition intervals before and after the hea-
ting period. It can shorten the amount of
time using air-conditioning in summer. Thus
people’s need for comfort can be satisfied
while energy expenditure is reduced, and in
some cases, spending on air-conditioning
rendered unnecessary. Money saved from
reducing energy consumption can then be
diverted to other areas to improve living
conditions.

Promoting the City Image and Improving
the Investment and Tourism Environment

As the saying goes, “fine clothes maketh
the man”. A city’s image is reflected by the
appearance of its buildings. In many cities, on
both sides of the streets, there are matchbox-
like old buildings with blackened exteriors
and rusty windows, a direct contrast to the
modern luxury buildings nearby.



cities’ historical and cultural values. It means
not only more energy consumption,  but
also more dust, noise pollution and waste.
Experience shows that extending buildings’
lifespan by renovation can directly conserve
energy, but more importantly, help save
resources, and indirectly also help accumulate
more wealth.

To sum up, energy efficiency retrofitting of
existing buildings not only eases the pressure
of energy demand and environmental pol-
lution faced by urban development but in
current times of economic recession, slow
demand and tightening employment pres-
sure, it can also become an effective means
of combating the financial crisis and boosting
domestic demand and economic growth. In
light of the various above-mentioned positive
effects, it is also a realistic approach in implem-

enting the Scientific Outlook on Develop-
ment and building a harmonious society, and
promoting sustainable urban development.

To solve the problems of capital, systems and
technology in the process of renovation, all
the relevant departments must recognize the
significance of these undertakings, and coor-
dinate their interests and resources into an
overall plan. Renovation of existing buildings
must be carried out under the theme of
accelerating urban development, raising peo-
ple’s living standards and strengthening cities’
competitiveness. Otherwise, if reduction of
energy consumption alone is considered, and
renovation results are measured only by the
amount of energy saved, the financing and
implementation of renovation works will be
extremely difficult.
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2.3.1. Preface

It is stipulated in the Notice of the State
Council on Printing and Distributing Arran-
gements for Energy Conservation and Emis-
sion Reductions (No. 15 [2007] of the State
Council), that during the period of the 11 th

Five-Year Plan, heat metering and energy
efficiency retrofitting will be completed on
150 million m2 of existing residential building
stock across 15 provinces, autonomous regions
and municipalities directly under the Central
Government in Northern China. The Notice
on Printing and Distri-buting the “Plan of the
Ministry of Construction for Implementing
the 'Notice of the State Council on Printing
and Distributing Arrangements for Energy

Conservation and Emission Reductions'”
divides the task of retrofitting these 150
million m2 between these 15 regions. The Pro-
visional Regulations on the Management of
Reward Funds for Heat Metering and Energy
Efficiency Retrofitting of Existing Residential
Buildings in Areas with Heating of Northern
China (No. 957 [2007] issued by the Ministry
of Finance), grants financial subsidies for the
150 mill ion m2 of retrofitting projects. This
includes RMB45 per m2 in cold zones, and
RMB55 per m2 in extremely cold zones.

By the end of 2008, the 15 provinces, auton-
omous regions and municipalities directly
under the Central Government in Northern
China had retrofitted a total of 30.65 million
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• Establish technological standards. The Tech-
nological Guidelines for Heat Metering and
Energy Efficiency Retrofitting of Existing
Residential Buildings in Areas with Heating
in Northern China, and the Heat Metering
Technological Guidelines, both issued by
the Ministry of Housing and Urban-Rural
Development, provide technological assist-
ance for the development of this project; 

• Innovate retrofitting models. The govern-
ment encourages al l  regions to explore
methods of financing that are suited to
local practicalities and to mobil ize the full
force of al l  sectors of society, including
heat ing companies ,  property manage-
ment companies, property rights holding
units,  energy service companies, and local
residents, to carry out retrofitting;

• Strengthen evaluation. This project has
already become an important aspect of the
State Council’s evaluation system in the
achievement of provincial government ener-
gy conservation targets, and constitutes an
important means by which provinces, auto-
nomous regions and municipalities directly
under the Central Government can meet
energy conservation and emission reduction
targets. 

2.3.3. Examples from Different Regions
Best Examples of Government Support

By formulating laws and regulations, and
issuing policies, regions have been able to
introduce rules and requirements for the
energy efficiency retrofitting of existing
residential buildings. The Shanxi Provincial
Regulations on Energy Efficiency of Civilian
Buildings, issued by the Shanxi Provincial
Government, included a chapter with 7 articles
dedicated to the “energy efficiency retro-
fitting of existing civilian buildings”. This sets

m2 of building stock. The Central Govern-
ment had appropriated a total of RMB 1.54
billion worth of subsidies and the task of
energy efficiency retrofitting of existing resi-
dential buildings was well under way.

2.3.2. Policy Measures and Methods

By adhering to the principles of scientific devel-
opment, using innovative models, and being
practical and realistic, the government has
formulated policies and systems that pro-
mote the energy efficiency retrofitting of
existing residential buildings and has estab-
lished mechanisms that will allow for its sus-
tainable development. 

•Clarify retrofitting targets. The sole target
for this project during the period of the 11 th

Five-Year Plan is “to promote heat metering
and energy efficiency retrofitting of 150
mill ion m2 of existing residential buildings
in areas with heating in northern China”, as
stipulated in the Notice of the State Council
on Printing and Distributing Arrangements
for Energy Conservation and Emissions Re-
duction (No. 15 [2007] of the State Council).
It assigns the task to the 15 regions in accor-
dance with factors such as their concentra-
tion of heated surface area, level of economic
development, technolo-gical capabilities
and foundation work;

• Formulate policy incentives. The Provisional
Regulations on the Management of Reward
Funds for Heat Metering and Energy Effi-
ciency Retrofitting of Existing Residential
Buildings in Areas with Heating in Northern
China (No. 957 [2007]), issued by the Ministry
of Finance, regulates the awarding of funds
for energy efficiency retrofit work on the
basis of climatic region, and the nature and
progress of the retrofit;
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forward. Offices of the Inner Mongolia Auto-
nomous Region and the Shanxi Provincial
Government have issued notices requiring
provincial finances to match Central Govern-
ment finances one-to-one, and to draw up
provincial level complementary reward funds
for energy efficiency retrofitting.

Support may also be provided through the
introduction of instruments to set up funding
channels such as dedicated funds for encour-
aging retrofitting. Issued by the Office of
the Ningxia Regional Government, the Office
of the People's Government of the Auto-
nomous Region's Notice on the Printing and
Distribution of Suggestions for Financial
Support from the Autonomous Region for
Energy Conservation and Emissions Reduc-
tion Work, calls for the promotion of energy
efficiency retrofit engineering , and the
support of energy efficiency retrofitting by
residents. Provincial and municipal finances of
Beijing , Tianjin, Qinghai, Hebei, Heilongjiang ,
Sha’anxi, Henan, and Shandong have also
provided financial support for energy effi-
ciency retrofitting projects through measures
such as dedicated funds, municipal funds
for integrated retrofitting , and fiscal loans.
All regions have actively mobilized individ-
uals and groups such as heating companies,
property management companies, property
rights holding units, energy service companies,
and local residents to take part in retrofitting ,
and tap into multiple channels for raising
private funds to invest in retrofitting.

Principle Examples of Model Innovation

Different regions have actively innovated
new models of retrofitting , adopting models
organized around various individuals and
groups such as property rights holding units,
property management companies, heating

out rules concerning the principles of energy
efficiency retrofitting of existing buildings, its
goals, sphere, content, implementing bodies,
responsible departments and cost-sharing.
The Suggest ions  for  Acce lerat ing  the  
Promotion of Energy Efficiency Retrofitting
of Existing Buildings, issued by the Shanxi
Pro-vincial Government, and the Notice on
the Transmission of the Plan for Implement-
ation of Heat Metering and Energy Effi-
ciency Retrofitting of 13 Million m2 of Exis-
ting Residential Building Stock Drawn up
by the Financial Bureau of the City Cons-
truction Committee, printed and distributed
by the Tianjin Municipal Government, out-
l ine the guiding principles and thoughts
behind energy eff ic iency retrof itt ing of
existing buildings, and clarify its goals, duties
and safeguards.

Regions have also increased the effectiveness
of retrofitting by improving evaluation and
strengthening public awareness of it. Muni-
cipalities such as Beij ing and Tianjin have
included energy efficiency retrofitting of exis-
ting residential buildings as part of their cities’
key social engineering projects. Shanxi and
Liaoning Provinces have signed responsibility
pledges with local governments of municipal
status and above concerning the energy effi-
ciency retrofitting of existing residential build-
ings. The Ningxia Autonomous Region has
incorporated energy efficiency retrofitting
into the provincial government’s system of
evaluating relevant construction departments,
and treats it as an indicator of the capacity
and achievements of the construction depar-
tments of municipal governments.

Principle Examples of Fund-Raising

Drawing together provincial and municipal
level complementary funds can be one of
the most powerful means of driving work
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not included energy efficiency retrofitting of
existing buildings as part of their evaluation
systems for municipal energy conservation
targets. Without binding mechanisms, ascer-
taining responsibility is unclear. 

Obstacles of System Mechanisms  

Reform in the area of heat supply systems lags
behind and this has affected the progress of
retrofitting. Heat metering retrofitting is a
focal point of this project and is aimed at
increasing residents’ awareness of energy
conservation by bringing into force consump-
tion-based heat billing. However, under such a
system, the profits of heating companies are
bound to decrease after energy efficiency
retrofitting has been carried out. This has
meant that a number of heating companies
have opposed the implementation of heat
metering. Moreover, due to the slow progress
of heat supply system reform in many
regions, many areas still do not use cost-
based heat pricing , meaning the installation
of heat meters in such places could end up
being wasteful and the meters themselves
nothing more than decoration. 

Relevant departments do not work in coor-
dination with one another, hindering the
progress of retrofitting. The heat metering
and energy efficiency retrofitting of existing
buildings is dependent on the coopera-
tion and support of heating , energy conserv-
ation and construction departments. Energy
conservation offices are primarily responsible
for energy efficiency retrofitting , and heating
offices for network management and the
implementation of heat metering. However,
depending on local organizational structures,
energy conservation offices may come under
either the local Development and Reform
Commission, or the Economic Commission,

companies, energy service companies, or
local residents. These have kick-started inter-
est groups into action and raised private
funds for investment in retrofitting. Mean-
while, focus has been placed upon synchron-
izing the implementation of other refurbish-
ment work. Energy efficiency retrofitting of
existing residential buildings can be made an
integral part of compound renovation, includ-
ing seismic renovations, or the refurbishment
of old towns and urban villages. 

2.3.4. Major Existing Problems
Insufficient Enforcement 
at Provincial Government Level

Many provincial governments have not incor-
porated this project as an integral part of their
energy conservation and emission reduction
work. They have focused, instead, on indus-
trial energy conservation, leaving it up to
departments in charge of construction to
promote energy efficiency retrofitting of
existing buildings. Government support at
the municipal and provincial levels is simply
not strong enough. 

There is a shortage of the complementary
policies necessary at the regional level. Until
now, only Shanxi Province and the Inner
Mongolia Autonomous Region have introdu-
ced fiscal policy incentives that complement
exactly those of the Central Government.
The fiscal support from a number of provin-
cial level financial departments is insufficient,
if at all existent. Many construction depart-
ments have had to rely solely on the funding
of Central Government in order to carry
out their work, making such a task extremely
difficult. 

Many evaluation mechanisms have yet to be
set up. Except for Shanxi, Liaoning and Ningxia,
the other provincial level governments have
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this project is still fundamentally reliant on
funds awarded by the Central Government.
Fund-raising channels such as heating compan-
ies, residents, property management compan-
ies, energy service companies and financial
institutions are yet to set up appropriate
mechanisms. In addition to this, there is a lack
of start-up capital. Central Government fiscal
funding is granted as a form of supplement-
ary capital, awarded after the work has been
started. Thus it is very difficult for it to meet a
project’s initial requirements. The most crucial
area of retrofitting work is having start-up
capital to begin the whole project. If the
Central Government’s funds could be
awarded on a different basis, it would cer-
tainly help to develop the retrofitting sector
a great deal more.

Finding a Model of Retrofitting that Suits
Nationwide Promotion Still Requires
Exploration and Refinement

Regions have already explored various modes
of retrofitting and means of financing that
take local conditions into consideration, in-
cluding the government-led promotion
model, the heating company investment
model, the proprietor investment model, and
the energy contract management model.
However, despite this, there remains to be
found a model of energy efficiency retro-
fitting that is systematic, easily reproduced
and that can drive the retrofitting movement
on a national level. This would be one that
incorporated clearly defined means of fund
raising , retrofitting organs and repayment
methods, and one in which all parties were
actively involved and able to share in the
common benefits.

with the heating office coming under the
Housing Bureau.  This can cause systemic
issues with the local Construction Com-
mission and Construction Bureau. With each
respective body looking after its own duties,
it makes smooth coordination very difficult
and unified implementation of retrofitting
impossible, inevitably causing project work
to suffer. 

In addition, the cost-based heat pricing
mechanism has yet to be truly formed, which
has limited the implementation of heat
metering. The potential for energy efficiency
retrofitting to bring about energy saving
behavior has also yet to be realized. It has
been very difficult to motivate heating com-
panies to carry out retrofitting. Because the
payback period for retrofitting is often quite
long, and in conjunction with the rapid in-
crease in energy prices of recent years, heat-
ing companies’ profits have already been
tightly squeezed, with some even showing
losses, making it very difficult for them to
find the capital to fund energy efficiency
retrofitting. 

Financial Guarantees Have Become 
the Greatest Obstacles

Firstly, local fiscal support is insufficient. In
areas where the growth in retrofitting has
been quite promising like Inner Mongolia and
Shanxi, local fiscal support has, at the very
least, matched the amount allocated to the
regions by the Central Government, allowing
for sufficient funds to organize the imple-
mentation of retrofitting. In areas where such
complementary financial support has not
been forthcoming , progress has invariably
been slow. Secondly, the mechanisms needed
for multi-channel fund raising have yet to be
established. Looking at the situation in various
locations shows us that the development of



2.3.5. The Next Stage 
and Recommendations

Increase Recognition, Clarify Mandates,
Enforce Responsibilities 

Energy efficiency retrofitting of existing build-
ings should be used as a foothold to broaden
domestic demand, ensure growth, carry out
restructuring , and improve people's l iveli-
hoods. It is an important means of developing
low energy consumption and green building.
The responsibility of carrying out retrofitting
should be enforced through people, policies,
standards, projects, and checks. 

Be Goal-Oriented, Insist on Principles,
Progress Scientifically

Energy efficiency retrofitting of existing resid-
ential buildings is, from start to finish, aimed
at improving residents’ heated environment,
cutting down locals’ heating costs, and limit-
ing energy consumption. All the while, during
this process, attention must be paid to legal
procedures, planning guidelines, project sel-
ection, ensuring the quality of engineering ,
and carrying out energy-efficient evaluations
properly. 

• Establish a baseline. Complete a sound eval-
uation of energy consumption. Define very 
clearly the level of energy consumption and 
characteristics of existing local residential 
buildings;

• Investigate properties. Listen to ideas of
relevant parties, and grasp what hopes they
have from retrofitting. Do your best to meet
their demands; 

• Formulate a plan. Based on the quantity of
retrofitting projects and their distribution,
and in view of the overal l  urban plan,
scientifically draw up an energy efficiency
retrofit plan;

•Draw up an annual plan. On the basis of
project characteristics and location, incor-
porate the foundation laid by earlier work
to formulate an annual retrofitting plan
involving gradual implementation of more
and more challenging projects; 

• Clarify projects. An integrated approach
must be used to consider elements such as
building lifespans, potential energy savings,
and investment returns. Scientifically ana-
lyze residential building projects that are
worth retrofitting;

• Respect procedures. Go into the housing
estates and streets to hear the ideas of local
stakeholders and gather expert evidence.
Retrofit projects must be designed, carried
out, inspected, and evaluated in accordance
with construction procedures;

• Strengthen checks. Provincial level govern-
ments should incorporate energy efficiency
retrofitting of existing buildings into their
evaluation systems for municipal energy
conservation targets. Completed retrofit
projects should appoint energy efficiency
evaluation agencies to carry out post-
retrofit energy consumption and workload
evaluations; 

• Strengthen capacity. Coordinate the active
cooperation of relevant authorities such as
departments of finance, and development
and reform. Organize the training of manage-
ment,  technical  and construct ion per-
sonnel, which will improve the quality of
service and ensure high-level, high quality
retrofitting. 

Innovate New Mechanisms, Overcome
Obstacles, Open Up Opportunities

Innovation is needed in five areas of energy
efficiency retrofitting: innovation of its mech-
anisms; innovation of its systems; innovation of
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its financing; innovation of its technology,
standards, and products; as well as innovation
of the modes of retrofitting itself. Second, is
the need to overcome three kinds of obstacles
faced by such work: 

• Systemic obstacles. When developing new
energy efficiency retrofit projects, there
are a number of complementary aspects to
deal with outside of the system itself such
as in development and reform, city manage-
ment, and telecommunications. This re-
quires the formation of a system of multi-
disciplinary meetings. Within the system,
the power of various departments such as
overall planning , housing , and construction
must be mobilized together to promote
the work of energy efficiency retrofitting; 

•Mechanism obstacles. The goal of energy
efficiency retrofitting is to save money, and
saving money can provide room for mech-
anism innovation. Heating companies, prop-
erty management companies, and ESCOs
etc. should be spurned into action to explore
new modes of retrofitting that carry common
benefits; 

• Financing obstacles. The dependency of
mechanisms on government fiscal subsidies
for retrofitting needs to be broken. Govern-
ments, banks, societies, companies and
individuals should dare to apply the funds
available to them, such as maintenance
funds, heating guarantee funds, and struc-
ture reform funds, to invest in retrofitting. 

Advertise Well, Listen to the People, 
Foster an Atmosphere

Experience must be taken stock of constantly
in order to read developmental trends
accurately. Common problems must be dealt

with efficiently, regulations adhered to, and
the most advanced examples promoted.
Exchange and learning between regions must
be strengthened through mutual commun-
ication via conferences and symposiums.
Training of personnel at the local level should
also be improved. In bodies of State adminis-
tration, technology companies and construct-
ion industries related to energy efficiency
retrofitting , dissemination training should
be initiated, thus improving their business
capacity for retrofitting.

Dissemination work should be intensified. By
increasing the re-cognition of energy effi-
ciency retrofitting among local residents,
heating companies, and other concerned par-
ties, support and opportunities in all levels of
society will be created. 

Enforce Standards, Tighten Regulation,
Carry Out Sound Evaluation 

National standards, directives, plans and guide-
lines must be strictly adhered to in the de-
velopment of energy efficiency retrofitting.
Supervis ion and management must be
strengthened at each stage, from project
feasibility, through design, construction and
completion acceptance. In accordance with
the requirements of  the Regulat ions on
Evaluation of Heat Metering and Energy
Efficiency Retrofitting of Existing Residential
Buildings in Areas with Heating of Northern
China, agencies that have been commiss-
ioned to carry out energy-efficiency evalua-
tions must evaluate projects one by one, and
link the findings directly to the payment of
Central Government funds, granting the
most energy-efficient retrofit projects with
reward fund subsidies.

October 2010 / Implementing Large-Scale Energy Efficiency Programs in Existing Buildings in China /©AFD [ ]65



2.4.1. A Rapidly Evolving Situation

Environmental Constraints

The most recent report released by the
Intergovernmental Panel on Climate Change
(IPCC) confirmed that the average tempera-
ture of the Earth’s atmosphere would rise
by 1.5 to 6oC by the end of the century. The
actual extent of the rise will primarily depend
on the scope of public policies implemented
by the countries that consume the greatest
amounts of energy and the dates upon which
those policies are introduced. 

Global warming has already caused disturb-
ances to our climate, with extremely serious
repercussions for humankind, and the future
looks even bleaker. To limit these repercus-
sions and guarantee the sustainable develop-
ment of our societies, it is now generally
agreed that world greenhouse gas emissions
must be halved by 2050, with reference to
the 1990 level. 

A Firm Political Objective

“By virtue of the principle of shared but
differentiated responsibility”, industrialized
nations need to reduce their emissions
by a factor of four or five within the
next fifty years. France has already adopted
this objective as part of its National Strategy

for Sustainable Development introduced in
June 2003 and its Climate Plan introduced in
July 2004, and incorporated in the Energy
Policy Act in July 2005.

Meeting this objective will enable us to main-
tain tolerable concentrations of greenhouse
gases in our atmosphere, calculated at 450
parts per million (ppm), compared to today’s
380 ppm and some 280 ppm during the
pre-industrial era.

Consequences for the Building Sector

In the building sector, average annual energy
consumption is currently close to 400 kWh
of primary energy per heated m2. With the
urgent call to reduce CO2 emissions, combi-
ned with the inevitable energy cost increases
caused by the gradual depletion of resources,
the average primary energy con-sumption of
operational buildings needs to be reduced to
approximately 100 kWh per m2 by 2050, in-
cluding some 50 kWh per m2 of primary ener-
gy for heating the premises and providing
hot water.

The Building Sector: Pulling its Weight

The Biggest Energy Consumer

In France, the building sector is the biggest
energy consumer across all economic sectors,
consuming some 70 million tons of oil equiva-
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The consumption of this energy produces
120 million tons of CO2 emissions, represent-
ing 25% of France’s emissions nationwide
and 32.7 million tons of carbon. This quantity
is of the same magnitude as the amount of
building-site and household waste, and is
equivalent to one-half ton of carbon released
into the atmosphere every year for every
French citizen. All of these figures need to be
reduced by 75% by the year 2050.

A Slow Developer

However, the annual volume of new con-
struction (300,000 housing units and 14 mil-
lion square meters of heated commercial and
office buildings), the current stock of build-
ings (nearly 30 million residential units and
over 814 million m2 of heated commercial
buildings) and their extremely long service

life are, in general, negative factors for rapid
progress in the sector. 

While the sector’s rigidity and inertia have
long been considered handicaps compared
to more dynamic sectors like industry and
transport, the building sector is now consid-
ered in a much more favorable light.

New Horizons for the Building Sector

A Key Player

The building sector is now set to play a signi-
ficant role in tackling the troubling environ-
mental challenges that we are now facing. 

Just recently, it has come to light that this
sector may be the only one capable of making
sufficient progress to enable France to meet
its national commitments with regard to re-
ducing greenhouse gases. 

lent (toe). In other words, this represents
43% of total final energy, and 1.1 tons of oil

equivalent is consumed annually by every
French citizen.
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Energy Consumption by Sector in France

Source: ADEME, Key Figures for the Building Sector, 2009.
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Paths of Development

The paths of development in the building
sector can be much more easily identified
now than in previous years thanks to a greater
understanding in various areas:

• Bui ldings may draw on several  energy
sources, including energy from renewable
sources. These energy sources can be com-
bined. In fact, in some cases energy sources
may change several times over the life of
the building;

• Improvements to the energy performance
of buildings can be scheduled over several
years. Each new development increases the
value of the property;

• A building’s occupants engage in relatively
constant behavior over time. Their needs
tend to evolve over long cycles, without
sudden changes, and can be reasonably well
anticipated.

2.4.2. The Grenelle Environment 
Forum: Reducing Emissions by 
75% is an Achievable Objective

The Grenelle Act confirms that France has
undertaken to reduce its greenhouse gas
emissions by a factor of four by the year
2050, in keeping with legislation enacted in
the Energy Policy Act of July 13, 2005, which
sets energy policy guidelines (stipulating a
reduction in greenhouse gas emissions of
3% per year). This long-term political com-
mitment presupposes a collective effort, at
least within the European Union.

This objective was inspired by the work of the
Intergovernmental Panel on Climate Change
(IPCC) and reflects a convergence objective at
global level to succeed in reducing emissions
to two tons of CO2 per inhabitant by 2050.
France is rather well positioned in comparison

with its European neighbors: emissions per
inhabitant are lower than the average and it
will likely be one of the only European coun-
tries to respect the commitment it made in
the framework of the Kyoto Protocol.

In France, the “factor 4 objective” (dividing
1990 emissions by 4) is achievable. First,
consumption must be decreased; second,
energy from renewable sources must be
developed to further reduce greenhouse
gas emissions stemming from the country’s
energy production. The revival of an energy
efficiency policy, accompanied by the massive
development of energy from renewable
sources, will be sufficient to meet the chal-
lenge. Moreover, France is not working alone
to meet this goal. The European Community
has proposed concerted objectives in the
framework of its energy package. It all
comes down to reaching two specific goals:
(i) reducing greenhouse gas emissions by
14% by the year 2020 (excluding negotiable
permit systems), and (ii) producing 23% of
total energy consumption from renewable
energy sources.

Although at the European level decisions are
currently focused on these two objectives, it
should be noted that energy efficiency is an
indispensable prerequisite to comply with
these commitments.

Over the past 15 years – during which the
particularly low energy prices worked against
energy management policies – France saved
nearly 10 Mtoe of energy.  According to
ADEME, using currently known technologies,
it is possible to envisage sources of additional
energy savings of the order of 35 Mtoe by the
year 2020, apportioned between industry
(10 Mtoe), buildings (15 Mtoe) and transport
(10 Mtoe).
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This progress will be possible – without sacri-
ficing growth – through the development of
new markets, the use of economic leverage,
and the mobilization of society.

The “factor 4” objective offers perspectives for
economic development and the conquest of
markets in numerous rapidly growing activ-
ities which will generate strong job creation.

Energy management and the development
of renewable energies currently represent a
market of €33 billion and 220,000 jobs in
France. According to studies conducted by
ADEME, development perspectives for 2012
on the basis of the objectives of the Grenelle
Environment Forum give reason to believe this
market and related jobs will double by 2012,
thus totaling €70 billion and 440,000 jobs.

The achievement of these objectives would
thus have a positive effect on the economy
(a two percentage point increase in GDP by
2020) even when the costs of implement-
ation (shared between individuals, economic
actors, and the central government) are taken
into account. The positive impact of energy
conservation on the exterior balance would
favor growth and rekindle the ambition of
reducing France’s energy dependency. The
development of rail transport, energy manage-
ment in the building sector and biofuel
production would offset economic and job
losses in the energy sector by a large margin.

Over and above the exemplary nature of this
project, economic and social interests alone
are sufficient to justify its implementation. It
should be pointed out that numerous studies
(e.g. the Stern report and the reports of the
IPCC) agree that the cost of doing nothing
would be substantially higher than the cost of
taking action: the ecological transformation
of society is an obvious choice.

2.4.3. Energy Efficiency in the Building 
Sector: the First Priority

The Reduction of Energy Consumption 
in Buildings 

The Environmental Stakes

The building sector is the sector that consu-
mes the most energy in France. This sector
alone consumes 70.6 million tons of oil equi-
valent (70.6 Mtoe), or 43% of total final
energy. It is the second largest producer of
GHG emissions, behind the transport sec-
tor, with 91 Mt of CO2 equivalent emitted
annually, or 25% of emissions nationwide.

Between 1990 and 2006, the building sector’s
GHG emissions increased by 14%. The trans-
port sector’s GHG emissions also increased
(by 20%), while emissions due to industry,
energy production, agriculture and waste
processing went down.

Two-thirds of the sector’s energy is consu-
med by residential units and one-third by
the commercial (or tertiary) sector. Heating
represents 70% of the building sector’s
energy consumption.

Currently, the average rate of consumption
by existing buildings is 240 kWh of primary
energy (kWhPe) per m2 per year (but some
buildings consume up to 400 or 600 kWhPe
per m2 per year) while the rate for new con-
struction is between 80 and 110 kWhPe
per m2 per year. There is substantial room for
improvement. For example, a French house-
hold consumes nearly 30% more energy than
those in the highest rated countries, such as
the Netherlands; for heating , consumption
per m2 – corrected for climate – is two times
higher  in  France than in  Norway,  where
buildings are particularly well-insulated.
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Solutions Exist 
and Can Be Implemented Immediately

Renovation solutions for existing buildings are
not technically complex: they include insula-
tion of attics and walls, replacement of win-
dows, controlled ventilation, installation of
energy-efficient boilers or heating via renew-
able energy, etc. In France, the number and
quality of these renovations are insufficient
in the face of what is at stake and in light of
the potential, particularly when compared
to other European countries. For example,
less than one renovation out of 10 is consid-
ered satisfactory from the standpoint of
energy efficiency.

The widespread renovation of existing build-
ings is where the major thrust of the work is
required. There are currently 31 million resi-
dential units in France, totaling 2.7 billion m2

(26 mill ion main residences, three mill ion
secondary residences, two mill ion vacant
units; 17 million single-family dwellings and
14 million collective units) and 850 million
m2 of commercial or office buildings. The
buildings that consume the most energy are
those constructed during the “Glorious
Thirty” (1945-1975). New buildings (430,000
new residential units in 2006 and 12 million
m2 of new commercial buildings per year)
represent only about 1% of the existing stock.

If we are to act quickly, we must therefore take
action on existing buildings. ADEME eval-
uates the potential energy savings at between
15 and 20 Mtoe by the year 2020, depending
on the intensity of the support measures
implemented between now and then.

The Economic Stakes

Building Renovation, 
an Economic Sector in its Own Right

The building renovation sector represents
estimated total revenues of €9.1 billion (not

including renovation work on commercial
and office buildings), growing by 9% between
2006 and 2007.

The sector employs nearly 100,000 people (in
direct jobs, excluding commercial and office
buildings, and new construction), an increase
of 3% between 2006 and 2007.

Thanks to the Grenelle Environment Forum,
the sector is set to gain momentum.

With the implementation of the Grenelle
objectives, the sector’s total revenues should
more than double by 2012, reaching €18 to
€22 billion per year.

The increase in revenue in the thermal effi-
ciency sector, which is job-intensive and not
conducive to relocation, will more than offset
losses in the electricity production and fossil
fuel distribution sectors. For residential and
commercial work combined, the net gain
between now and 2012 is estimated at almost
120,000 direct jobs.

Detailed Objectives of the Building Plan

The Objectives Are Ambitious . . . �

For new construction, the goal is to continue
to promote the widespread use of all available
best practices by raising the energy perform-
ance objective, culminating in the construc-
tion of Low Energy Buildings (LEB) in 2012.
These buildings are defined as buildings con-
suming less than 50 kilowatt hours of primary
energy per m2 per year for regulated uses (i.e.
heating , hot water, air-conditioning , ventil-
ation, auxiliary lighting and heating). Then,
beginning in 2020, the goal will be the con-
struction of positive energy buildings (which
produce more energy than they consume).

For existing buildings, the twofold objective
must be to:
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•Maintain the current high number of small
renovation jobs (in nearly three million resid-
ential units annually) while promoting the
systematic use of the best performing
equipment;

• Expand major renovation operations for
the buildings which have the highest energy
consumption (currently about 40,000 units
every year), with the goal of gradually reach-
ing 400,000 major renovations per year
beginning in 2012.

But Realistic . . . �

These objectives do not require technological
breakthroughs: the equipment already exists
and “model” operations are on the rise (e.g.
new LEB buildings – consuming less than
50 kWh per m2 of primary energy – as well as
positive energy buildings and major reno-
vations). The call for projects managed by
ADEME in partnership with the French
Regions under the label PREBAT Demon-
stration Buildings has resulted in the selection
to date of nearly 300 demonstration buildings
(including both newly constructed and reno-
vated buildings) in seven pilot regions. By
the start of 2010, there will be between
500 and 1,000 of these buildings in the 22
currently participating regions. The goal is not
to invent the future with each new building ,
but to bring existing technologies into wide-
spread use.

These objectives currently require an invest-
ment cost premium, which is recovered by
savings on energy bills. For example, based
on the initial projects, a new LEB building
requires a cost premium of about 10 to 15%,
which is offset in approximately 15 years (or in
about 11 years after the Grenelle incentive
measures). This additional cost can even be
almost nil depending on initial design choices.

Concerning the renovation of existing build-
ings, the average cost of light renovation
work is €3,800 and is depreciated over a
three- to fifteen-year period (for attic insul-
ation work, the investment payback period
is reduced by 25% by Grenelle incentive
measures; window replacement is depre-
ciated over 15 years).  The average cost of
heavy renovation work is between €15,000
and €30,000 and is recovered over a ten-
to twenty-year period without additional
aid, while the Grenelle incentives reduce
that time by four years.

Even though these investment payback per-
iods may seem long , they are shorter than
the service life of the investments, making
them profitable in the long run. And though
these service life spans are appropriate on a
nationwide scale, there is a need for a more
effective communication effort aimed at
individuals.

It is important to point out that these pay-
back periods are diminished as the cost of
energy rises. For example, an exemplary work
package (including exterior insulation, replace-
ment of windows, hygro-adjustable con-
trolled mechanical ventilation, condensation
boiler with thermostatically controlled valves
and solar domestic hot water) designed to
totally renovate a single-family house heated
with fuel oil costs approximately €24,000
on average. This work will  reduce energy
consumption by 64%. If the price of fuel oil
increases by 3% per year, the net payback
period for this investment is 13 years without
public aid, 11 years with current subsidies
and 9 years with the Grenelle subsidies
(such as the already announced zero-interest-
rate eco-loan). The latter payback period,
including the Grenelle measures, is reduced
to 6 years if the cost of fuel oil increases by
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6% annually, and to less than 3 years if fuel oil
increases by 12% annually.

The objective of 50 kWh in primary energy
for regulated uses per m2 and per year (i.e. the
LEB building) is attainable by all the best energy
techniques, including direct electric heating.

The goal of consuming less than 50 kWh per
m2 per year is a global criterion used to define
a building’s energy efficiency and can be
attained by working to increase efficiency in
several areas, including heating and hot
water in particular, but also air-conditioning ,
ventilation and auxiliary heating and light-
ing , with careful attention to the integration
of energy from renewable sources.
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Upgrading the Energy Performance of Existing Buildings

Source: ADEME.
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Primary Energy, Final Energy 
and the CO2 Content of Energy

The comparison of heating systems in a build-
ing using different energy sources is generally
performed in terms of primary energy in
order to take into account the various con-
version and distribution losses which affect
each secondary energy sector, and which have
an impact on the national energy balance.

When determining compliance with thermal
regulations for buildings, the response to the
building’s energy needs is calculated as follows:

• For fossil energies used directly as a source
of heat (e.g. gas): primary energy is equal to
final energy, i.e. to the total volume of energy
consumed and billed on a metered basis;

• For electricity used for heating, the comput-
ation is more complex since the electricity
is produced from various sources (nuclear,
hydraulic, fossil  fuels, etc.) .  In France, the
conversion factor between primary energy
and final energy is 2.58 (source: MEEDDAT),
which means that in view of the energy mix
in France, 2.58 kWh of primary energy are



insulation work, the installation of windows
and heating equipment, etc.), as well as indi-
vidual tradespersons and self-employed
professionals (consultancy firms, architects
and so on).

The sector’s capacity for adaptation is a key
success factor for the bui lding plan.  Pro-
fessionals are aware of this and are rallying
around this goal: the sector is more attract-
ive and is endeavoring to respond to a dual
challenge, which is both quantitative and
qualitative.

In fact, there was a steady rise in the sector’s
workforce in 2007. Over 207,000 young peo-
ple are currently in initial training in the build-
ing sector – a record figure that responds to
the need for the injection of young blood
into the profession’s age pyramid.

From a qualitative point of view, best prac-
tices in the area of energy efficiency are still
insufficiently develope, but the supply of
new offers is expanding.

To support the planned strengthening of
thermal regulations for new and existing
buildings – and the introduction of required
renovation work beginning in 2012 – incentive
measures must be put in place to encourage
renovation work exceeding current standards.

A certain number of tools are already in place,
the main one being the tax credit to promote
energy conservation and the use of renew-
able energies; another important resource is
the Sustainable Development savings pass-
book, which has resulted in a tenfold increase
in the supply of bank loans dedicated to the
thermal improvement of housing. Thanks to
the additional funds collected (over €10
billion), all French banks now offer loans
specifically targeted to achieve this purpose

required to obtain 1 kWh of energy in the
form of electricity. The rest (1.58 kWh) is
accounted for by inevitable energy losses,
primarily dissipated into the atmosphere,
oceans or rivers by the cooling circuits of
nuclear or fossil fuel power plants. The prim-
ary energy of electric heating thus corre-
sponds to 2.58 times the electric energy
consumed as measured at the building’s
meter (final energy).

Similarly, for the carbon content of energy,
the physical reality of emissions produced
by fossil energies is simple (the emissions are
proportional to the physical quantities consu-
med), while the computation for electricity
must take the production mix into account
and requires conventional approaches. Al-
though in Europe, France benefits from the
lowest CO2 mean emissions from power pro-
duction (70g of CO2 per kWh in France vs
370g of CO2 per kWh on average in Europe)
thanks to its reliance on nuclear and hydrau-
lic production sources, this ratio conceals
some very wide disparities, depending on the
season or time of day. Two methodological
approaches are used to determine the CO2

content attributable to electric heating.

Conditions for Success: 
Structure Commercial Offers to Meet
Growing Demand

Support for the Structuring of New Offers 

The economic fabric of the building sector is
characterized by the coexistence of a number
of very large firms (including such global
leaders as Bouygues, Vinci, and Saint-Gobain),
about a hundred medium-sized equipment
manufacturers (of electric heating appliances,
boilers, solar energy systems, heat pumps,
ventilation systems, windows, materials, etc.),
and thousands of small businesses in the
building and public works sector (performing
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at a lower interest rate than traditional
loans. On its website, ADEME offers Internet
users the opportunity to compare these
eco-loans.

Finally, it should be remembered that there
are no additional financing measures for the
commercial sector. Energy savings certificates
would facil itate the sharing of efforts bet-
ween the central government and energy
distributors.

For the public sector, a decision is being held
up by the complexity of public financing rules,
which do not always permit an additional cost
investment, even when such an investment is
profitable in terms of total l ifecycle cost
thanks to the operational savings it generates.
Recourse to Energy Performance Contracts
(“Contrat de Performance Energétique” or
CPEs) should therefore be facilitated, and
administrative departments should receive
more effective support in their technical
negotiations with private operators.

A New Tool Aimed at Financing 
the Renovation of Public Buildings: 
Energy Performance Contracts (CPEs) 

Germany’s somewhat wider experience in
this area can offer some lessons on CPEs:
the contracts are entered into for a period
of seven to twenty years, with guaranteed
energy savings ranging from 10 to 25%.
The building’s minimum annual energy bill
must amount to €75,000 to €100,000 (or
€250,000 for a pool of buildings), which is
equivalent to a minimum surface area of 5,000
m2 in the commercial sector. The measures
implemented primarily concern initiatives
related to behavior, energy management and
equipment; practically no measures exist for
the renovation of the building’s shell.

To support the development of CPEs in
France, a variety of actions need to be imple-
mented, including measures to inform and
train contracting authorities on the details of
these new contracts, actions to improve the
reliability of the contractual framework, with
the objective of developing high-quality
CPEs, particularly in terms of the verification
of guaranteed energy savings and evaluation
procedures.

Energy Savings Certificates: 
a Major Financial Instrument 

Transforming Energy Suppliers 
into Suppliers of Energy Efficiency Services

Energy Savings Certificates (“Certificats d’Eco-
nomies d’Energie” or CEEs) were established
by the Energy Act of July 13, 2005. This new
plan is based on motivating energy suppliers
to seek out potential energy savings in a va-
riety of environments (currently in residential
and commercial buildings):

•The State imposes an obligation of energy
savings on these businesses (the obligees);
they must comply with this obligation or
face financial sanctions. The total obligation
for the first period (2006-2009) was set at
54 billion kWh (54 TWh) cumac (i.e. accu-
mulated and discounted [“cumulés et actua-
lisés” in French]), amounting to a nationwide
reduction in consumption of 0.2%;

•These obligees can conduct energy conserv-
ation programs for their customers and
thus obtain CEEs. They also have the option
of resorting to the market by buying CEEs
from third parties (public bodies or busines-
ses), which are also entitled to engage in these
programs. They may also pay a penalty to
release themselves from their obligation.
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An Effective and Innovative Measure 
at Limited Cost for the State

In brief, the plan is a market mechanism
based on an obligation of results: the public
authorities determine the quantity of energy
savings to be achieved, and the economic
actors are then free to define their strategy
and conduct their own programs.

The measure is designed to favor the most
economically profitable sources of energy
savings, without requiring budget resources.
Moreover, it encourages the energy market
to evolve toward the supply of services, which
creates added value for these economic actors.

This type of measure is arousing keen interest
at international level. The United Kingdom
(which introduced such a plan in 2002), Italy
and France are forerunners in this regard;
and the Netherlands, Denmark, Ireland, Japan
and the American State of California are
closely studying the introduction of similar
measures.

The first period, which will end on June 30,
2009, is a learning period for all the partici-
pants. Even though preliminary results record-
ed to date are modest in scope, they are very
encouraging and confirm the effectiveness of
this measure in actual practice.

It is now necessary to define the components
of the plan for the second period (2009-
2012). Compliance with the objective of the
“Grenelle Environment Forum” will require a
target 14 to 18 times as high as the previous
one (i.e. 14 X 54 = 756 TWh cumac for the
second period). 

To facilitate the implementation of this meas-
ure, consideration is being given to extending
the obligation concept, currently limited to
energy suppliers, to major landlords and build-

ing owners in the commercial sectors. These
businesses would be subject to an energy sav-
ings obligation on the basis of the energy
consumption of all their property holdings,
according to a “polluter-payer” type principle.

• The CEE plan could also be extended to
the more diffuse field of transport, and to
fuel suppliers in particular. The potential
energy savings attainable in this sector are
estimated at 216 TWh cumac, in line with
the Grenelle objectives adopted.

The total obligation would thus be set 
between 756 and 972 TWh cumac 

According to ADEME’s estimates, this object-
ive is attainable with a rather limited effect on
energy prices if it is passed on to consumers
(resulting in an increase of less than 5% dis-
tributed over three years). Instead of passing
on this charge in the energy sales price, how-
ever, energy suppliers are proposing doubling
the current obligation.

Special Measures for Lower-Income
Households

Following the example of the British plan,
where 40 to 50% of programs must be carried
out in lower-income households, the French
measure could include a social objective.

The application legislation could provide for
bonus credits for energy-saving programs
implemented in households in situations of
instability regarding access to energy. How-
ever, this type of incentive measure would not
provide a guarantee of results. It is also pos-
sible to set quotas: for example, focusing
10 to 20% of the total CEE obligation on this
target group would enable 100,000 lower-
income households to receive assistance in
improving the energy efficiency of their
dwellings.
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Part 3.
Technical Issues
Related to the
Definition of an
Energy Efficiency

Retrofitting Program
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This presentation describes the adopted
methodology to estimate the energy-saving
potential of a large-scale thermal rehabili-
tation in the city of Wuhan to assess the cor-
responding investment costs and the cost
effectiveness of typical rehabilitation strateg-
ies adapted to typical buildings.

The work exposed below describes the
employed methodology and illustrates the
steps with figures from the work of both
Chinese and French partners.

3.1.1. Global Statistics

The approach first requires defining Wuhan’s
building stock, mainly in terms of floor area,
types of buildings, construction products, and
HVAC equipment. 

This first step is about statistics. The floor area
separates public buildings from housing and
shows a proportion of 56% of housing and
44% of public buildings. That makes a total
public building floor area of about 74.8 million
m2. Among these buildings, the distribution of
floor area for different building types is also

necessary. For instance, it was determined
that administrative buildings represent 6.9%
of public building surface area, but a later
chapter about energy consumption will show
they are not the most energy consuming
type. Indeed, administrative buildings, as well
as office building ,s statistically consume less
than 100kWh/m2/year end-use energy.
Hospitals  represent 4.2% of public build-
ing surface area, but are identified as highly-
consuming bui ldings,  stat ist ical ly  above
200kWh/m2/year.

Secondly, we have observed that construct-
ion products in Wuhan are not diversified.
There was an evolution in the use of const-
ruction materials in past decades, but no-
thing related to the energy performance of
the envelope. Therefore, the envelope quality
in Wuhan is basically poor and this fact is
observed in most cases. Buildings built before
1980 are mostly made of 240 mm brick wall.
After 1980, the 190 mm hollow brick appears
more and more. This change has some
impact on the energy used for the fabrication

3.1. Main Steps to Determine 
the Energy-Saving Potential,
Investment Costs, and Cost

Effectiveness of Different Energy
Efficiency Retrofitting Strategies

Mr. Michel Raoust, General Manager, 
TERAO Green Building Engineering
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of materials and the amount of demolition
waste. Regarding windows, 3-5 mm single
pane type windows are widely used, leading
to poor performance both in winter and
summer. Most roofs are not insulated.

3.1.2. Energy Survey 
for Detailed Statistics

A more detailed study on a sample of 389
buildings was implemented so as to have a

deeper knowledge of the energy consumption
for different types of buildings and their HVAC
equipment. The total area included in the sur-
vey is 3,963,497 m2. 47% are administrative
bui ldings with a f loor area greater than
3,000 m2 and 13.4% are large public build-
ings with floor area greater than 20,000 m2

It shows that the energy consumption and
type of HVAC equipment are quite divers-
ified according to the type of building. 

Before such a program, awareness of energy
effic iency in Wuhan was low. Therefore,
within the survey sample, many figures were
irrelevant. This is due to wrong reporting or
missing data. As a result, 101 buildings were
checked more carefully among the 389 that
were initially considered. This enables us to
remove meaningless data and improve the

quality of the statistics. In this latter sample,
51 buildings are administrative buildings and
50 are large public buildings. It is meant to
be representative of Wuhan’s public building
stock, except for the small-size buildings
that are more likely to be destroyed than
renovated.
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Energy Consumption of Different Types of Buildings1Table

kWh/m2/year kWh/m2/year kWh/m2/year kWh/m2/year %

Administrative 71.1 33.7 19.8 13.2 43.7

Multi-Function 83.8 38.2 22.4 14.2 42.6

Shopping Mall 239.2 85.9 73.7 10.2 35.4

Telecommunication 219.9 49.9 30.5 19.5 22.3

Hospital 198.8 87.5 16.9 70.5 42

Hotel 243.5 70.6 44.9 25.7 28.9

Office 77.3 28.3 16.6 11.7 36.6

Other 73 21.5 13.8 7.7 29.1

HVAC
Proportion

HeatingCoolingHVAC
Consumption

Total
Consumption

Source: University of Science and Technology of Wuhan.
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We have noted that: 

• office buildings consume less energy than
shopping malls; 

• administrative buildings tend to use decen-
tralized HVAC systems, and large public
buildings tend to use centralized HVAC
systems;

• representative energy consumption is deter-
mined by building type. 

Therefore, this step helped us identify energy-
consuming buildings and the share of HVAC
consumption in the total bill. 

3.1.3. Energy Audits for Accurate 
Study of Energy Consumption

Energy audits have subsequently been carried
out in order to confirm the results of the sur-
vey both in terms of energy consumption and
type and performance of HVAC equipment
used. Moreover, this survey facilitated the
collection of information on possible main-
tenance and envelope quality issues. Owners,
managers and occupants’ interviews were
also carried out. 

The diagram below illustrates the changes
in volumes of gas when the owner switched
from coal gas to natural gas:

A most important output of energy audits
is the energy end-use profile that illustrates
the typical repartition of energy consumption
in each type of building. In the two profiles
below, we can observe the huge difference in

the proportion of energy use between an
office building and a five-star hotel. In the
office building , cooling accounts for about
33% of the total energy bill, whereas it is only
17% in the case of a hotel. 

Source: Synapse Ingénierie’s report: « Assistance technique à la définition et la réalisation d’un audit énergétique 
à Wuhan dans la province du Hubei en Chine ».
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The effect of the use 
of natural gas is obvious here. 
Taking advantage of its 
superior specific heat, 
the volume of gas needed 
to satisfy the same 
heating needs is much 
smaller, contributing 
to great money savings 
for the building’s owner.

Changes in Volumes of Gas

27Figure



These observations are extremely important
in order to carry out a proper energy use
diagnosis of the considered building and thus
apply a consistent rehabilitation strategy.
As we mentioned earlier, energy efficiency
awareness is not high in Wuhan or it is
recent. Therefore, even for building energy
audits, some data can be missing or some
information wrongly monitored. Therefore, it
can be very useful to use simulation tools to
confirm and/or complete the energy audit.

Thermal simulations can be complementary
to energy audits to confirm and add more
data to establish complete end-use energy
profiles. In the case shown below, we can see
that the simulation corresponds to the audit
results with a 4% margin accuracy. Of course,
this results from a careful verification and
analysis of audit data, and complementary
interviews of the owners if necessary. 

The second and maybe best advantage of
simulations is the possibility to decompose
further the energy-use profile. When not
enough meters are present on site, it can
be difficult to separate the consumption of
water pumps, fancoils fan and lighting , and
one should use the installed capacity and
operation time. This can lead to some mis-
takes. The simulation can help accurately
model existing HVAC systems and then
calculate auxiliary systems’ electricity use.
Of course, these results should be coherent
with audit information regarding installed
power and operation time. The energy pro-
files on the right show how we could
breakdown the audit energy profile into a
more detailed distribution.
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5-Star Hotel Energy use

Energy End Use Profiles for a 5-Star Hotel 
and an Office building

Source: Author.
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Energy-Use Simulation

Energy-Use Audit and Energy-Use Simulation

Source: Author.
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Office Open-Off

The Different Elements that Impact 
a Building’s Thermal Behavior

Source: Author.
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3.1.4. Estimates of Energy-Saving Potential
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The Different Elements that Impact 
a Building’s Thermal Behavior (contd.)

Source: Author.
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Defining internal loads = what is inside the spaces and when
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e.g. 10W/m2

Convective
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and their distribution 
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HVAC layout complete 
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Simulations also play a key role in the estima-
tion of energy-saving potential. Indeed, as we
mentioned earlier, they allow accurate model-
ing of the building’s envelope and HVAC sys-
tems plus electricity use. Once the proper
reference has been computed thanks to the
energy audit, the next step is to calculate the
energy savings due to different rehabilitation
techniques (insulation, lighting control, variable
frequency pumps, etc.). The pictures below
illustrate the different elements that impact
the thermal behavior of the building and that
are taken into account in such practice.

Simulations are important to bring rationality
into the decision process regarding building
improvements. Their results allow one to sort
out the most efficient rehabilitation tech-
niques and their combination. Results should
also comply with local expertise in terms of
efficiency and savings: actions on existing
HVAC equipment should save about 20% of
HVAC consumption whereas envelope im-
provement could save up to 30% of HVAC
consumption. Other savings can be achieved
on the specific uses of electricity (lighting ,
lifts, etc.).

The available results can be quite detailed and
allow one to classify the energy savings for
different techniques and also for combina-
tions of techniques in order to identify the
most relevant combination for the building in
question.

Simulation results are then compared to
investment cost data to determine the most
cost effective “rehabilitation package” for dif-
ferent types of buildings. 

Source: Author.
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Investment costs analysis has identified repre-
sentative costs as follows: 

• Improvement of existing HVAC equipment:
RMB45 to 90 /m2;

• Improvement of electricity systems: 
RMB35 to 50 /m2;

• Improvement of envelope: RMB190 /m2.

Note: The above ratio all refer to m2 of floor.

Basically, actions on HVAC equipment and
electricity systems have a payback period of 
5 years or less. Actions on the envelope alone
have a payback period of 15 years or more.

Therefore, in Wuhan, the idea of a rehabilita-
tion package is very important because it is
only by combining the improvement of the
building envelope with equipment that the
payback period can be kept below 10 years.
The example below shows the case of an
administrative building. The rehabilitation
package consists of internal insulation, use of
external solar shadings, lighting control, and
the use of variable frequency water pumps.
The payback period is 9.8 years. 

Investment volumes and potential savings can
be expressed to show decision-makers the
importance and impact of thermal rehabilita-
tion. Three main levels of thermal rehabilita-
tion were determined, corresponding to 3
levels of investment and energy savings.
These 3 levels are:

• Low cost :  Ex ist ing  HVAC equipment  
improvements only, RMB110  of investment
per m 2,  and a payback period of about 
5 years;

•Medium cost: Existing HVAC equipment
improvement + partial envelope improve-
ment, RMB230  of investment per m2, and
a payback period of about 7 years;

• High cost: Existing HVAC equipment im-
provement + complete envelope improve-
ment, RMB300  of investment per m2, and
a payback period of about 9 years.

These figures can be determined for Wuhan,
Hubei Province and Yangtze River area as long
as climate data and floor area statistics are
reasonably similar.

We have also noted that these data are aver-
aged on all building types within the category
of the survey sample, i.e. administrative build-
ings and large public buildings. The present-
ation made about the extrapolations and the
rehabilitation level shows that these values
change from one category of building to an-
other. Basically, the most energy consuming
existing buildings give the best cost effecti-
veness of rehabilitation.

Rehabilitation Package for
an Administrative Building

2Table

Investment cost RMB169 /m2

Annual energy saving 18.5 kWh/m2

Annual energy saving 31.2%

Annual savings RMB17.2 /m2

Payback period 9.8 years

Total area  3 million m2 

in Wuhan (4% of total building stock)

Investment RMB507 million 

Annual savings RMB51.6 million 

Source: Author.
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3.2.1. The Importance of Energy 
Retrofitting Existing Buildings 

The Current Energy Situation in China

China ranks third in the world in terms of total
energy reserves, but has more than 20% of
the total world population. 

Table 3 shows the energy consumption per
capita at home and abroad. As we can see
from the table, China's consumption per
capita is less than half of the world's average
level. With the improvement of people's liv-
ing standards, China's energy consumption
per capita will gradually increase. Conse-
quently, the gap between energy supply and
demand will become even more prominent.
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Year 1990 1995 1999 2000 2001 2002

China 428 495 451 448 453 473

USA 5,239 5,305 5,349 5,551 5,394 5,351

Japan 2,365 2,612 2,701 2,803 2,762 2,814

Germany 3,113 2,947 2,961 2,949 2,993 2,925

France 2,593 2,713 2,873 2,854 2,940 2,835

UK 2,526 2,597 2,755 2,740 2,749 2,670

Canada 5,786 5,980 6,136 6,203 5,932 6,093

Australia 3,402 3,553 3,694 3,752 3,761 3,622

World average 1,010 987 972 985 979 979

Source: calculated according to Statistical Yearbook of the domestic energy agency.

Energy Consumption Per Capita at Home and Abroad 
(kg of standard oil)

3Table

3.2. The Technical 
Characteristics and Energy
Consumption Indicators

of Existing Buildings in Wuhan
Dr. Li Yuyun, Professor, Wuhan University 

of Science and Technology
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Figure 38 is a comparison between energy
production per capita and energy consump-
tion per capita in China, from 1978 to 2005.

We can see from the figure that from 1993
onwards, China's energy consumption has
been higher than its energy production.

Comparison of Per Capita Energy Production and Per Capita Energy 
Consumption in China

Source: China statistic annual, 2007
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Energy Production 
and Consumption in Hubei

Figure 39 is an histogram comparing energy
production and energy consumption in Hubei
Province. As can be seen from the chart, there
is a yearly growth in energy consumption in
Hubei. Further calculations show that energy
consumption in Hubei Province is 6.74 times
energy production. Therefore, Hubei Province
is a province with a great lack of energy.
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Electricity consumption (transportation, post
and telecommunications industry + commer-
cial and catering , material supply and ware-
housing + urban and rural residents’ con-
sumption) in Hubei Province from 2002 to
2007 is shown in Figure 40. From the figure
we can see that in Hubei Province electricity
production is 9.59% to 35.82% greater than
electricity consumption; the yearly growth
rate of electricity consumption is 13.48%.

The Growth Rate of Built-Up Areas

In 2006, China's built-up area had reached
40.054 billion m2, urban construction areas
accounted for  43 .57%,  with an average
growth rate of 6.65%. The evolution of the
built-up area in Hubei province is shown in
Figure 41. From the figure we can obtain from
further calculation that the average growth
rate of built-up area in Hubei Province is
2.92%. As of 2007, the built-up area in the
urban zone of Hubei Province is 757,841,300
m2, of which residential buildings accounted
for 65.15%.
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The Situation in Wuhan

Technical Characteristics of Buildings

According to statistics, at the end of 2007,
Wuhan had 542,955 buildings in urban areas,
with a total base area of 102,595,400 m2, a
total built-up area of 312,863,100 m2, of which
the bui lt-up area in urban Wuhan was
191,505,800 m2, residential built-up area of
113,532,100 m2,  and the surface area per

capita was 26.86 m2 per person. More than
95% of buildings were high-energy-consump-
tion buildings; annual new construction was
8-12 million m2, of which energy-saving build-
ings account for 10%. Figure 42 shows the
evolution of the built-up area in Wuhan.
Figure 43 shows the number of buildings in
urban Wuhan. Figure 44 shows the built-up
area in urban Wuhan.

Evolution of the Built-Up Area in Wuhan

Source: Hubei Provincial Statistics Bureau.
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According to the survey, among the existing
public buildings in Wuhan at the end of
2006, the total area of administrative build-
ings was 515.2828 mill ion m2 (information
provided by Wuhan Municipal Bureau of
Finance), accounting for 6.9% of public
buildings. Hospitals (125 in total) had a total
construction area of about 3,126,012 m2

(provided by Hubei provincial Department
of Health), accounting for 4.2% of public
buildings. University construction area was
about 21,413,000 m2 (Education Statistical Year-
book of Hubei Province, teaching buildings
accounting for 35.8%, administration build-
ings accounting for 4.6%, residential build-
ings accounting for 37.5%, and residential
buildings for teachers accounting for 22.1%),
accounting for 28.7% of public buildings. Star
hotels have an area of about 1,741,000 m2

(provided by Wuhan Tourism Bureau and 
information on-line: there are currently 120
star hotels in Wuhan, of which 8 are five-
star hotels, 23 are four-star hotels, 53 are
three-star hotels, 43 are two-star hotels, and
3 are one-star hotels), accounting for 2.3%
of public buildings. The distribution of diffe-
rent public buildings in Wuhan is shown in
Table 4. The construction years for existing
buildings in Wuhan City are shown in Figure
45. As can be seen, buildings constructed
before the 80s of the last century account
for 43.5 %, buildings constructed after the 20th

century account for 42.22%. According to the
census targeting 389 administration buildings
and public buildings, frame structure is the
main form of building structure in Wuhan
City (See Table 5).
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Percentages of Different Public Buildings in Wuhan in 20064Table

Total Public Buildings 7,481.5 100%

Administration Buildings [ 1 ] 515.2 6.9%

Hospitals 312.6 4.2%

Hotels 174.1 2.3%

Education Buildings 2,141.3 28.7%

Shopping Malls and Other 4,378.7 58.5%

%HVAC
Consumption

Building 
Type

Source: Hubei Provincial Statistics Bureau..

[1 ] Representative offices of provincial and central organisms in Wuhan are not included.
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Energy Consumption Characteristics

The city of Wuhan is a resource-dependent
city. In 2006, the proportion of electricity
consumption in buildings in total electricity
consumption in Wuhan was higher than the
national average, [ 2 ] reaching about 22.47%; [ 3 ]

it reached 50% at peak times when air con-
ditioners were being used (water storage

air conditioners not included). The pressure
of energy consumption in buildings on the
energy supply of the whole city is becoming
greater and greater. Energy consumption in
Wuhan between 1992 and 2007 is shown in
Figure 46. Electricity consumption in Wuhan
is shown in Figure 47.

Source: Hubei Provincial Statistics Bureau.
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Structural Forms of 389 Buildings5Table

143 202 3 3 38

36.76% 51.93% 0.77% 0.77% 9.77%

Frame-Shear SteelFrameBrick and Concrete

Source: Hubei Provincial Statistics Bureau.

[2 ] In 2006, the proportion of building electricity consumption in total consumption was 21.4%, China Energy Conservation in 
buildings annual report, 2008.

[3 ] Obtained according to Statistical Yearbook of Wuhan; electricity consumption in buildings = transport, storage and postal 
industry + commerce, accommodation and catering industry + finance, real estate, business and residents service sector + 
public utilities and management organizations.

Unknown



Climatic Characteristics

Wuhan is located on the middle reaches of
the Yangtze River in China. Its climate is cha-
racterized by high summer temperatures,
heavy humidity and hot weather. It rains fre-
quently in winter, with little sunshine and
heavy humidity; cold lake effect is significant.
Figure 48 shows the monthly average tempe-
rature and relative humidity in Wuhan. 

As can be seen from the figure, the monthly
mean relative humidity in Wuhan is higher
than the air conditioned comfort indicators
(40 to 65%), and monthly average tempera-
tures only in April, September, and October
meet air-conditioning comfort scope (winter:
18O to 24O C, summer: 22O to 28O C ).[ 4 ]

[ ] ©AFD / Implementing Large-Scale Energy Efficiency Programs in Existing Buildings in China /October 201094

Source: Hubei Provincial Statistics Bureau.
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In 2006, the number of days reaching or
better than grade II  (for air quality) of 16
major cities in China was 307, while the num-
ber was 273 for Wuhan, which is lower than
the average. Air pollution comes not only
from industrial emissions: the burning of
fossil fuel for heating in winter is also the
main source of pollution in many regions.
Energy used for air-conditioning in summer
not only generates pollution, but the heat
emitted increases the urban heat island
effect, which results in temperatures 1.8O to
2O C higher in the center of the city than in
suburban areas. Sometimes in summer, this
gap even reaches 5.9O C. [ 5 ] Therefore, gas
emissions and the heat island effect greatly
harm the environment. Promoting energy
efficiency in buildings will reduce energy use,
pollution and the heat island effect, while
improving the outdoor environment and
providing multiple benefits.

3.2.2. Energy Consumption 
Measurement Methodology 
and Indicators for Typical 
Buildings in Wuhan 

The vast Chinese territory results in large
climatic differences between Northern and
Southern China; accordingly, energy con-
sumption characteristics in buildings and
energy-saving potential vary considerably. In
2007 and 2008, the Research Group carried
out three censuses and energy audits of the
energy consumption of buildings in Wuhan.
A total of 426 buildings have been investigated,
of which 191 administration buildings larger
than 3,000 m2, 70 large public buildings larger
than 20,000 m2. Twenty-three buildings have
been audited. Early in 2008, another ener-
gy consumption census was conducted in
Wuhan, covering 934 residential buildings,
303 governmental administration buildings,

Average Monthly Temperatures and Relative Humidity in Wuhan

Source: Hubei Provincial Statistics Bureau.

January

Temperature/OC       Relative humidity/RH%

February March April May June July August September October November December

48Figure

4.2

79 81
68 71 67 67 72 72

66
74 70 70

5.8 12.8 19 23.9 28.4 30.2 29.7 24 21
14

6.8

[5 ] http://www.sina.com.cn, 08:46, July 22, 2008. Hanwang.
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156 small and medium-sized public buildings,
and 76 large public buildings for a total of
1,469 buildings.

Energy Consumption Measurement Method

Energy Consumption Survey

Conducted mainly by survey questionnaire,
including:

• Technical characteristics of the building;

•Measurement by watt-hour meter,  gas
meter, water meter, information from oil
purchase bills;

• Equipment operation conditions, design
conditions of energy systems.

Energy Audit

(1) Questionnaire:

• Technical characteristics of building;

•Measurement by watt-hour meter, gas
meter, water meter, information from oil
purchase bills;

• Equipment operation conditions, design
conditions of energy systems

(2) Measuring:

• Indoor temperature;

• Indoor air quality;

• System operation state.

(3) Interview: to speak with the energy man-
ager in order to know the real operating
problems, etc. 

(4) Energy diagnosis of systems

Energy Consumption Statistics Method

Total energy consumption: from the main
energy meter.

Categories of consumption:

• From meters dedicated to one part of the
building or the systems;

• Consumption = System capacity (kW) x
operation time (h) x use coefficient.

Normalized Energy Consumption

Result of the Survey of 389 Buildings

Results of this energy survey show that the
maximum electricity consumption is 5,283
kWh/m2/year for a building using split units,
but we consider this value is not correct.
Therefore, the maximum value of electricity
consumption is 201.9 kWh/m2/year. It is
106.3 t imes the minimum consumption,
1.9 kWh/m2/year. The maximum electricity
consumption in buildings using a AHU (Air
Handling Unit) is 231.4 kWh/m2/year. It is
138.8 times the minimum consumption,
which is 1.7 kWh/m2/year. Whatever the type
of cooling system used, the maximum and
minimum energy consumption appear in
office bui ldings.  Administrative bui ldings
having a floor area greater than 3,000 m2

consume between 18.3 kWh/m2/year and
111.7 kWh/m2/year, hence 6 times more.
The average energy consumption of the 389
buildings is 87.32 kWh/m2/year, water con-
sumption is 5.93 tons/m2/year. 

The problems with this survey are:

• Since lots of information about urban
heating , coal, fuel oil, etc. is missing , we only
studied electricity, water and gas con-
sumption;

• Since there is no energy meter in the build-
ing and considering that the energy man-
agers’ statistics knowledge is not sufficient,
some statistical data are wrong, forcing us
to eliminate some data.
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Energy Consumption Verification 
of 106 Buildings

According to the survey of the 389 admin-
istrative and large public buildings, and con-
sidering the distribution of these buildings in
the city of Wuhan, we selected 101 buildings
for further examination. Among these build-
ings, there are 51 administrative buildings,
3 multi-function (office tower + shopping
malls), 8 office buildings, 17 shopping malls,
12 hotels, 3 hospitals, 2 banks, 1 school, 1
library, 1 theater, and 2 telecommunication
buildings. Most of this information comes
from interviews, consumption data and tech-
nical data on the main systems.

Table 6 shows the energy use statistics for the
101 buildings. We see that the consumption
of administrative buildings is between 20.15
and 168.8 kWh/m2/year. There is a factor of
8.38 between the 2 extremes. The cooling
consumption is between 1.62 and 73.4 kWh/
m2/year (factor 45). The heating consump-
tion is between 0.14 and 57kWh/m2/year
(factor 407). The study of different types
of buildings shows that the most energy-
consuming type is the hotel, followed by the
shopping mall and then by the office building.
For HVAC system consumption, the most
energy-consuming systems can be found in
hospitals, followed by shopping malls. 
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Energy Consumption Statistics for 101 Buildings6Table
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Normalized Consumption of Administrative Buildings7Table

Consumption Normalized by Person per Year

Total Consumption/kgce Total Cost/yuan HVAC Consumption/kgce Water Consumption/t

1,443.48 3,533.58 596.35 85.03

Consumption Normalized by m2/year

Total Consumption/kgce Total Cost/yuan  HVAC Consumption/kgce Water Consumption/t

63.80/79.82 18.94 11.77 1.39 

Costs Normalized by m2/year

Total Cost/yuan Cooling Costs/yuan  Heating Costs/yuan Water Costs/yuan

62.62 18.5 14.02 2.33 

Source: Author.

Energy Audit of 23 Buildings

In order to have deeper knowledge of ener-

gy use in buildings in Wuhan, 26 of the 101

buildings were chosen for the energy audit.

These 26 buildings have 3 levels of energy

consumption. The shell structure of these 26

buildings are almost all framework type, 9%

built before 1989, 39% before 1999, and 52%

built between 2000 and 2005. Most of the

buildings are high-consumption buildings.

(1) Normalized Consumption 
of Administrative Buildings in Wuhan

Table 7 shows normalized energy consump-
tion of administrative buildings in Wuhan.
We see that the primary energy consumption
is 63.8 kWh/m2/year (25.78 kgce/m2/year).
Average lighting consumption is 10.7 kWh/
m2/year, office equipment is 7.49kWh/m2/
year, and lifts 3.01 kWh/m2/year. End use
energy is 79.82 kWh/m2/year, or 23.28 kgce/
m2/year. 

HVAC consumption is  49.24% of total
bui lding primary energy consumption, and
55.81% of end-use energy. Cooling energy
use (7.4 kgce/m2/year) is greater than heating

(4.87 kgce/m2/year) for primary energy.
But for end-use energy it is the contrary (2.72
kgce/m2/year for heating and 2.56 kgce/
m2/year for cooling).

Provincial Administrative Building Consumption8Table

kgce/m2/year kgce/pers/year kWh/m2/year kWh/pers/year

29.23 1,518.67 80.79 4,196.36

Total ConsumptionTotal Consumption

Source: Author.



Normalized Consumption in Offices9Table

Building 97.99 89.59 103.77 98.93 41.92 x 38.16 15.25 14.02
/36.07

Heating 20.79 19.3 16.24 15.01 6.56 6.07 4.36 4.14

Cooling 22.85 21.09 25.37 23.36 10.25 9.44 3.12 2.87

Ventilation 3.94 3.35 4.45 3.78 1.8 1.53 0.55 0.54

Lift 5.15 4.51 5.84 5.11 2.36 2.07 0.72 0.63

Lighting + BA
+ Office 
Equipment 24.55 20.86 28.07 23.86 11.34 9.64 3.25 2.93

Pump and fans 20.71 18.64 23.8 27.81 9.61 9.41 3.25 2.91

Cost Consumption

Electricity

yuan /m2/year kWh/m2/year Kgce/m2/year

With 
occupancy

rate
85%-100%

Without
occupancy

rate 

With 
occupancy

rate
85%-100%

Without
occupancy

rate 

Equivalent Coal 
Primary Energy

Equivalent Coal 
End-Use Energy

Source: Author.

With 
occupancy

rate
85%-100%

Without
occupancy

rate 

With 
occupancy

rate
85%-100%

Without
occupancy

rate 

Provincial administrative buildings consume
20% more than municipal-level administrative
buildings. The main reason is that provincial
buildings sometimes use coal boilers for col-
lective heating. Their heating consumption is
12.02 kgce/m2/year. This is more than average
heating consumption in Wuhan. We can say:

• Heating system efficiency is low;

• 50% of administrative buildings in Wuhan
use air-to-water heat pumps. There is less
distribution loss.

(2) Normalized Consumption 
of Office Buildings

Table 9 shows the consumption of offices.
The primary energy for cooling (10.25 kgce/
m2/year) is greater than for heating (6.56
kgce/m2/year). For end-use energy, heating
consumption (4.36 kgce/m2/year) is greater
than cooling consumption (3.12 kgce/m2/year).

In primary energy, HVAC consumption is
44.39% of the total bill and 52.66% in terms
of end-use energy. Ventilation consumption is
8.98% of HVAC consumption of primary
energy and 7.15% of end-use energy. Water
consumption is 0.94 ton/m2/year. Water
cost is RMB2.96 /m2/year. The total end-
use energy is 118.21 kWh/m2/year.
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Without 
occupancy rate

Without 
occupancy rate

Table 10 shows the comparison between
administration buildings and offices with
regard to electricity consumption and average
costs. We see the costs of consumption in

offices are greater than in administration
buildings. The main reasons are structure,
operation and comfort requirements. 

Comparison between Offices and Administrations 
for Consumption and Costs

10Table

Office 89.59 43.50 97.99 47.15

Admin. 59.22 30.39 59.22 30.39

Office 98.93 41.84 103.77 45.52

Admin. 63.80 30.36 63.80 30.36

Office 38.16 16.9 41.92 18.39

Admin. 25.78 12.27 25.78 12.27

Building Total

Source: Author.

Cost
RMB/m2/y

Electricity/
kWh/m2/y

ce/x 
(standard coal)

/m2/y

HVAC

Without 
occupancy rate

Total

Without 
occupancy rate

HVAC

(3) Normalized Consumption for Hotels 

Table 11 shows the consumption by hotels.
Table 12 shows other consumption by hotels.
For end-use energy, HVAC consumption is
30.9% of building consumption. For primary
energy, HVAC is 34.58% of the total. Table 13
shows hotels’ HVAC consumption including

ventilation. We see that the cooling consump-
tion is always greater than heating , both for
end-use and primary energy. The main reason
is that the operation time for cooling in hotels
is longer than for offices and administrations.
Especially for buildings using sealed windows,
the cooling system is turned on at the end
of March. 
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Hotels’ Primary Energy Consumption Normalized by m 2/year11Table

Cost/yuan 158.0 94.92 15.41 38.06 9.00 6.81 10.57 6.23 71.91 

Electricity
/kWh 169.5 101.60 15.73 42.64 9.90 6.42 13.99 5.53 75.32 

Equivalent 68.01 43.68 6.36 17.23 4.05 2.59 5.83 2.23 29.72   
coal/kgce /63.8

Cost/yuan 248.2 155.96 24.80 58.98 14.77 7.76 7.20 7.61 127.04  

Electricity
/kWh 266.5 166.87 25.83 65.71 16.15 7.52 8.29 6.73 136.28  

Equivalent
coal/kgce 107.0 70.93 10.44 26.55 6.59 3.04 3.35 2.72 54.35

Occupancy
Rate

Total

Source: Author.

Usual Heating Cooling Lift DHW Lighting Kitchen Other

Without

With

Other Consumption in Hotels12Table

6,821.29 6,821.29 10,598.9 26,079.84 474.73
kgce/bed/y yuan/bed/y kgce/bed/y yuan/bed/y t/m2/y

Energy 
Cost/Turnover 

Cost 
per bed/year

Consumption 
per bed/year
(with occupancy rate)

Cost 
per bed/year

Water 
consumption 
per bed/year

Source: Author.

HVAC Consumption/kgce/m2/year13Table

6.36 5.13 17.23 5.24 3.04 1.19

Heating Cooling

Primary Primary

Heating/Cooling

PrimaryEnd-Use End-Use End-Use

Source: Author.



4) Normalized Consumption 
of Shopping Malls

Table 14 shows normalized consumption
of shopping malls, and Table 15 shows other
standard consumption f igures.  F igure 49
shows the profile of energy use in shopping
malls. We see that lighting is the biggest pro-
portion, then comes the cooling system with
36.16%. Among the audited shopping malls,
only one is heated. 

October 2010 / Implementing Large-Scale Energy Efficiency Programs in Existing Buildings in China /©AFD [ ]103

Normalized Consumption of Shopping Malls14Table

Cost/RMB 195.66 72.26 28.65 8.21 1.09 102.64

Consumption/kWh 214.92 79.44 29.05 9.29 1.26 113.02

Equivalent Coal 86.83
(primary)/kgce /78.12 32.10 11.74 3.75 0.51 45.66

Equivalent Coal 
(end-use)/kgce 26.65 9.76 4.52 1.14 0.15 13.89

Cost/RMB 2,149.45 785.76 439.03 96.89 12.28 1,134.35

Consumption/kWh 2,397.60 867.21 445.12 110.41 14.34 1,253.99

Equivalent Coal 
(primary)/kgce 968.63 350.35 179.83 44.61 5.79 506.61

Equivalent Coal 
(end-use)/kgce 298.30 106.58 69.24 13.57 1.76 154.12

Source: Author.

Total Cooling Heating Lift Pump Lighting

Per 
m2/year

/h

Source: Author.

8.64% 1.10%

36.06%

54.20%

Air-Conditioning Elevator
Lighting + Computer + etc. Living pump

Profile of Electricity Consumption 
in Shopping Malls

49Figure



(5) General Building Survey

A general survey of 1,253 administrative and
public buildings was done in early 2008. Table
16 shows the results of this survey for primary
energy:  12.87 kgce/m2/year for housing ,
24.89 kgce/m2/year for small and medium-
sized public buildings, 50.19 kgce/m2/year

for large public buildings. Table 17 shows the
comparison with the audits and survey in
2007. We see that large public buildings
consume 15.4% more than in this other sur-
vey. The main reason is that it was normalized
by occupied area instead of total area.
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Other Normalized Consumption15Table

Total Primary Energy Total End-Use Energy

Per m2

214.92kWh/m2/year 86.83 kgce/m2/year 224.06 kWh/m2/year

Water Consumption Water Cost Energy Cost

2.89t/m2/year 9.42 yuan/m2/year 195.66 yuan/m2/year

Building Consumption Energy Cost

Per h 2,397.6kWh/h/year 968.63kgce/ h/year 2,149.65 yuan/h/year

Source: Author.

General Survey in 2007/m2/year16Table

Housing 16.404 0 6.543 0 0.006 0.698 0.753 0.74

Small and 
Medium Public 
Buildings 61.906 0.11 0.413 0.254 0073 0.048 0.704 0.441

Large Public 
Buildings 113.276 0.85 6.614 0 0 0.001 2.826 0.009

Source: Author.

Coal/kg Oil/kg Other/m3 Gas/m3 Natural
Gas/m3

Liquid 
Gas/kg

Fuel/kgElec/kWhBuilding Type

Comparison between the Audit and the 2007 Survey17Table

Shopping Hotels Offices Large Small and Housing
Malls Public Medium

Buildings Provincial Municipal Average Public
Buildings

Audit 78.12 63.8 36.07 59.33 29.23 23.28 26.26

Survey 50.19 24.89 12.87

Source: Author.

Administrative



(6) Normalized Consumption of Different Types of Buildings

Table 18 shows normalized consumption of different types of buildings.

We can see that: 

• End-use energy: hotel > shopping mall >
office > administrative > housing;

• Primary energy > shopping mall > hotel >
office > administrative > housing;

• Administrative building consumption is lower
because of: 
- structure - natural ventilation  in mid-season;
- limited consumption in administrative
buildings;
- low occupancy.

• Shopping mall consumption is greater
because:
- use of AHU and constant flow rate strate-
gy for terminal units, the electricity con-
sumption of the terminal unit  is greater
than chillers in hotels; 
- high occupancy rates and lighting density in
shopping malls, creating a high cooling load. 
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Normalized consumption/(kWh/m2/year)18Table

Adm¡nistrative 79.8 63.8

Office 114.2 98.9

Shopping mall 217.7 214.9

Hotel 280.3 169.5

Housing 54.4 280

PrimaryEnd-useType

Source: Author.



This presentation aims to define the three
levels of thermal rehabilitation that have been
identified in the research program. They rep-
resent three levels of investment costs and
energy savings potential. Accordingly, they
also correspond to three representative pay-
back periods. This synthesis uses the results of
studies performed by Terao, Wuhan Univer-
sity of Science and Technology, the Academy
of Construction of Hubei and the Wuhan
Bureau of Energy Efficiency. [ 6 ]

In order to define the savings generated by
different techniques, we first would like to re-
call the representative energy consumption
of different types of building. They are very
different (from about 80 kWh/m2/year for
offices to 240 kWh/m2/year for shopping
malls) and therefore the energy savings poten-
tial will  greatly vary from one category to
another.

Energy audits give the following representative
values:

• Administrative buildings: 71 kWh/m2/year;

•Office buildings: 98 kWh/m2/year;

• Star hotels: 260 kWh/m2/year;

• Shopping malls: 240 kWh/m2/year;

• Hospitals: 215 kWh/m2/ year;

• Telecommunications: 220 kWh/m2/ year;

•Multifunction: 80 kWh/m2/ year.

The average value is 170 kWh per m2 per year,
and this is consistent with the national
value. We note here that this average is not
weighted by the floor area distribution since
this value was not available at the moment of
the work. This representative value is used to
give energy savings in terms of percentage in
the present study.

Statistics have highlighted that HVAC-related
energy use is about 40% of the total energy
bill. Specific uses of electricity also play a key
role in energy efficiency in buildings.

Energy audits also helped to highlight that,
with regard to total energy consumption,
energy end-use profiles are very different
from one type of building to another. As a
result, energy efficiency strategies can differ
from one building to another. In this first
general approach, we do not focus on build-
ing specifically adapted technologies, but
rather on whether or not the envelope plays
a key role.

We distinguish two types of energy-saving
techniques: building envelope improvements
and HVAC/electricity equipment improve-
ments. They are separated because they cor-
respond to different ranges of investments.
The different results available that led us
to define a general course of action are
described below.
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3.3. Levels of Thermal
Rehabilitation

Mr. Aymeric Novel, Consultant, 
TERAO Green Building Engineering

[6] Unless otherwise indicated, all figures are end-use energy expressed per m 2 of constructed floor area.



3.3.1. Actions on Envelope

Actions on envelope are much less “popular”
in this area of China because of the invest-
ment cost. Since in Wuhan it has been
observed that construction products have
quite uniform thermal properties, energy
savings ,  and in absolute value,  are less
dependent upon the type of building than
upon actions on the existing systems. Never-
theless, the interest of investing in envelope
improvement can be stronger in some cases
than others. 

Dynamic Thermal Simulations

Work has been done on envelope energy-
saving potential with dynamic thermal simula-
tions. Some was done during the seminar
held in Wuhan in March 2008, some by the
Wuhan Science & Technology University, and
some by the Hubei Academy of Construction.
The different cases deal with offices, adminis-
trations, shopping malls, hotels and hospitals.

Shopping malls: Shopping malls seem to be
the category where envelope has the smallest
influence. The representative energy con-
sumption of this type of building is high: 240
kWh/m2/year. 

According to simulation results, the energy
savings from external wall insulation and the
decrease of glazed areas’ Solar Heat Gain
Coefficient (SHGC) (mostly doors because
shopping malls have only a small amount of
glazed area) is 10 kWh/m2/year of end-use
energy. It is about 4% of the total energy bill
(10% of HVAC energy consumption).

Hotels : Two s imulat ions were done: the
Shangri La hotel and the Hubei hotel. The first
work was done on the Shangri La hotel by
Wuhan University of Science & Technology,

starting during the March seminar in 2008.
At that time, the work done was limited to
verifying the compliance of the simulation
results with those of energy audits. Then,
more simulations were carried out to calcul-
ate energy savings obtained with wall and
roof insulation, plus a solar film on existing
windows to lower the SHGC. Results show
a saving of 14 kWh/m2/year. Based on the
reference consumption of 260 kWh/m2/year,
it is a saving of about 5% of the total bil l ,
meaning about 13% of HVAC consumption.

Another simulation was done on the “Hubei
hotel” by the Academy of Construction. This
hotel initially consumes 122 kWh/m2/year.
Simulations show possible savings of up to 22
kWh/m2/year. Rehabilitation includes wall
and roof insulation, the use of double pane
windows and external solar shadings. It is 18%
savings of the total bill. We note that:

• This hotel is less energy-consuming than
those considered for energy surveys and
audits. Indeed, a wide variety of energy
consumption can be observed within the
hotel category since it depends on the
number of stars, use, occupancy, etc;

• This hotel uses a very low-efficiency coal
boiler to provide heating. The proportion
of heating energy in this case is very high,
44%. Therefore, the energy-saving potential
with envelope improvement is higher;

• Envelope improvement is more extensive
than for the first hotel since it includes insul-
ation, double pane windows, and external
solar shadings instead of the less efficient
combination of insulation and solar film.

If we study closely the energy savings achie-
ved by type of techniques, we see in that case
that insulation accounts for 60% of the total
savings, with savings of 13 kWh/m2/year. This
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is consistent with the value determined in the
case of the Shangri La hotel, 14 kWh/m2/year.
Savings from double pane windows and
external solar shadings are 9 kWh/m2/year.

The case of hotels suggests it can be conven-
ient to consider two levels of envelope
rehabilitation corresponding to two levels of
investment costs:

• “Light improvement”: Either the use of
double pane windows with external solar
shadings or wall and roof insulation with
the use of solar film on existing windows;

• “Heavy improvement”: Insulation, use of
double pane windows, and external solar
shadings.

In order to be consistent with the chosen
sample for energy survey, we consider the
value of 14kWh/m2/year as a representative
value for the “light improvement” action on
envelope. It is also consistent with the range
of savings calculated for the Hubei hotel.

The slight increase in energy savings for hotels
compared to shopping malls can be explained
by the fact that hotels are mainly heated
during the nighttime and that the set point
temperature is usually higher because com-
fort requirements are more demanding than
in retail spaces. Moreover, shopping malls
have only little potential regarding savings due
to the limitation of glazed area performance
improvements.

Regarding the “heavy improvement” actions
on envelope, hotels cases show quite a high
value. Twenty-two kWh/m2/year can be con-
sidered as a representative value of energy
savings in hotels for the addition of insulation,
windows and shadings effects. Insulation of
walls and improvement of glazed areas both
have similar ranges of saving potential. We

recall that, in this particular case, heating has
a slight advantage because of the comfort
requirement and the low efficiency of the
coal boiler.

Office/Administrative Buildings: The use of
insulation and solar film on existing windows
or an internal additional simple pane saves
about 7 kWh/m2/year, which represents
about 10% of the total bill or 20 to 25% of
HVAC consumption. 

Simulations of the use of external solar shad-
ings can increase savings up to 10 kWh/m2/
year, which represents 12 to 14% of the total
bill or 25 to 30% of HVAC consumption.

Once again, the work done suggests that we
define two levels of envelope improvement.
The difference between them is smaller than
for hotels. However, we note that offices
and administrations offer a much smaller
energy-saving potential than hotels due to
their smaller energy consumption. Also, these
buildings all use electricity as their main fuel.

Hospitals: Simulations done by the Hubei
Academy of Construction on three hospital
buildings which have an average energy
consumption of 140 kWh/m2/year show
possible savings of up to 32 kWh/m2/year.
This is 22.9% of the total bill. Rehabilitation
includes external insulation, double pane
windows, and external solar shadings.

In this example, the heat source is coal for
both the boiler and absorption chiller. HVAC
energy consumption is 70% of the total bill
(much higher than the average 40% revealed
by the energy survey, but this also includes va-
por production for the sterilization process).
As for hotels, the large energy-saving poten-
tial can be explained by the high comfort
requirement and the very inefficient hot/cold
production associated with coal technology. 
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When we study energy savings more closely
and break them down by technique, we see
that insulation accounts for 40% of the sav-
ings, meaning about 13 kWh/m2/year. The
remainder is due to the use of double pane
windows and external solar shadings, i.e. 19
kWh/m2/year. This important part is also due
to the poor efficiency of the LiBr absorption
chiller. Based on these data, we can consider
the average value of 16 kWh/m2/year as a
representative value of the “light improve-
ment” action on envelope for hospitals.

The value of 32 kWh/m2/year is represent-
ative of the maximum energy-savings using
insulation, double pane windows, and exter-
nal solar shadings.

This example also suggests we define two
levels of envelope improvement, and also
shows the impact of comfort requirements
and inefficient hot/cold production on the
energy-saving potential of envelope improve-
ment.

Load Distribution 
for Different Types of Buildings

The report released by the energy efficiency
bureau of Wuhan gives some results regard-
ing representative cooling/heating load
distribution for different types of buildings
(it does not take hospitals into account):
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Representative Cooling/Heating Load Distribution 
for Different Types of Buildings

19Table

Administrative Buildings 15% 15% 20% 30-35% 15-20%

Shopping Malls 10-15% – 35-40% 35-40% < 10%

Hotels 10-15% 15-20% 40-50% 15-35%

EnvelopeLighting Equipment Occupancy Fresh Air

Source: Research programme of the Commission for Construction of Wuhan.

The above table confirms that:

• The envelope is a weak factor in the total
heating and cooling load in shopping malls.
In these malls, we see that the main factors
are occupancy (internal load) and fresh air;

• Fresh air in hotels is the dominant factor.
The envelope has a variable weight in the
total load depending on other factors. It
is consistent with the fact that the hotel’s
category shows a wide variety of use pro-
files. Still, the envelope takes a significant
part of the load and, therefore, it is techni-
cally consistent to improve it;

• In offices and administrations, we see that the
different components of the load are quite
uniform in terms of influence. Fresh air is
slightly more impacting. But the envelope
remains technically interesting to improve. 

In order to illustrate the benefits of envelope
improvement on the load, we consider here
the mean energy consumption of each build-
ing category in the above table so as to have a
representative value in kWh/m2/year of the
envelope-related load and the proportion
that is saved by envelope improvement:
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the total bill and therefore improve envelope
savings potential.

Except for shopping malls, all the studied
examples tend to define two levels of envel-
ope improvement:

• Insulation + solar film on existing windows
OR the use of double pane windows +
external solar shadings (light improvement);

• Insulation + double pane windows + external
solar shadings (heavy improvement).

These two levels are defined because in
Wuhan it is not common to have proper
investment to improve building envelopes.
Therefore, an intermediate option has been
proposed, corresponding to the light improve-
ment defined above.

If we consider the first level, defined as light
improvement, the synthesis of the energy
savings calculated with a building dynamic
simulation gives a representative value of 10
kWh/m2/year. This also corresponds to the
representative value of 15% saving on HVAC
consumption. 

If we consider the second level, defined as
heavy improvement, the synthesis of the
energy savings calculated with a building
dynamic simulation gives a representative
value of 18.5 kWh/m2/year. This corresponds
also to the representative value of 25-30%
saving on HVAC consumption.

Noticeably, external solar shadings are very
efficient in Wuhan. This is logical in such a clim-
ate, which is characterized by high solar irrad-
iation and poor existing glazed area perform-
ance. However, in the case of high-rise build-
ings, they are likely to raise safety issues. The
demonstration program has the great advant-
age of highlighting this kind of case-specific

•Offices/Administrations: the envelope-
related load is between 15 and 20% of 80
kWh/m2/year, which gives between 12
and 16 kWh/m2/year. Calculated savings
range from 7 to 10 kWh/m2/year. We can
say that envelope improvement reduces
the envelope-related load by half;

• Shopping Malls: the envelope-related load
is less than 10% of 240 kWh/m2/year,
which gives less than 24 kWh/m2/year.
Calculated savings are about 10 kWh/
m2/year. We can say that we decrease
the envelope-related load by half;

• Hotels: the envelope-related load ranges
from 15 to 35% of 260 kWh/m2/year,
which gives between 39 and 91 kWh/
m2/year. However, it is very likely that cases
where the envelope-related load is 35%
of the total load correspond to hotels
that consume less energy than 260 kWh/
m2/year (like the Hubei hotel described
earlier). Calculated savings range from 14 to
32 kWh/m2/year. We can say that we save
a little less than half of the envelope-related
load. This can be explained by the fact that
hotels usually already have better windows
than average buildings in Wuhan. 

Conclusions on Envelope Improvement 
and Representative Savings

The first thing to notice regarding building
envelope savings is that the variations are
small from one type of building to another
compared to the variations in energy con-
sumption.  Indeed,  these savings are f irst
related to building envelope materials and
climate characteristics. In reality, they will also
depend upon building use and HVAC equip-
ment efficiency because parameters l ike
comfort requirements and boiler efficiency
will affect the share of HVAC consumption in
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Lighting Improvement: This consists of the use
of energy-efficient lighting , lighting control,
removing oversized capacity, and optimiza-
tion of natural daylight. The average energy
savings in electricity is 4.7 kWh/m2/year.
The other representative value is 30-40% of
savings for lighting electricity use;

Water Pump Improvement: This action con-
sists of replacing the existing pumps with effi-
cient and variable frequency ones. Savings
regarding pump electricity consumption vary
from one building to another. The reason is
that pump electricity consumption is directly
linked to building energy consumption (water
carries the heating/cooling energy). Hence,
we find that pump replacement can save
about 10-12% of HVAC energy consumption; 

Existing HVAC Installation Improvements:
This includes numerous actions like cleaning
pipes and filters (improving heat exchange
efficiency), improved chiller COP, terminal
unit control, part load control of oversized
plants, etc. The savings from these actions
can also reach about 10% of HVAC energy
consumption;

Electricity Transformer: This includes improve-
ments to the power factor cosϕ, avoiding low
partial load or zero load transformer operat-
ion. For instance this can save 3-4% of the
total energy bill.

Basically, all these actions on HVAC and elec-
tricity systems have an effect that is propor-
tional to the initial energy consumption of the
building. For instance, equipment improve-
ment will be more efficient in a shopping mall
than in an office building. 

Based on these results, the average electricity
savings is 22 kWh/m2/year. This represents
about 13% of the representative total energy
consumption.

problem. For instance, hospitals are usually
not very high and can avoid such problems
for external solar shadings.

Studies also show the influence of hot/cold
production source efficiency on the potential
savings of the envelope. These parameters
tend to modify the proportion of HVAC
energy-use in the total bill. Therefore, it also
influences the potential energy savings of the
building envelope. 

To correlate this fact, results from the twenty-
three audited buildings show a clear trend of
increasing heating energy use as a function of
the fuel, generally associated to a particular
technology and efficiency: average heating
energy-use is 25% of the total bill, whereas it
is only 15% in the case of natural gas boilers or
electric systems.

We can remember that buildings using only
electricity might offer a smaller energy-saving
potential and give advantage to window im-
provements. On the contrary, buildings using
low efficiency heating production (coal, fuel
oil) tend to have bigger energy-saving pot-
ential and give advantage to insulation. Of
course, the best case scenario is to improve all
these elements together.

3.3.2. Actions on Systems

Within this category of improvement, we
include improvements to existing HVAC
equipment and electricity systems.

This type of action includes: Lighting improve-
ment, water pump improvement, existing
HVAC installation improvement, and electric-
ity transformer optimization. Different sources
of energy-saving calculations have been crossed
and we present representative energy savings
below:



To conclude, actions on existing HVAC equip-
ment and electricity systems generate savings
that are proportional to the reference energy
consumption of the building. It is determined
that 20% of HVAC and 30% of the lighting
energy consumption can be saved with relat-
ively low-cost actions (pump replacement,
control, improvement of COP, etc.). 

3.3.3. Synthesis of Energy-Saving 
Potential

Based on the work exposed above, we have
identified three main representative values
for energy savings:

• Energy savings due to HVAC equipment
and electricity systems: 22 kWh/m2/year of
end-use energy (13% of the total energy
bill based on the reference energy con-
sumption of public buildings of 170 kWh/
m2/year; this includes 20% savings of
HVAC consumption and 30% of lighting
consumption);

• Energy savings due to “light improvement”
of envelope: 10 kWh/m2/year of end-use
energy (6% of the total energy bill based
on the reference energy consumption of
public buildings of 170 kWh/m2/year; this
also corresponds to 15% savings of HVAC
consumption);

• Energy savings due to “heavy improve-
ment” of envelope: 18.5 kWh/m2/year of
end-use energy (11% of the total energy bill
based on the reference energy consump-
tion of public buildings of 170 kWh/m2/
year; this also corresponds to 30% savings
of HVAC consumption).

The above values are representative when
we consider the whole stock of administra-
tive buildings and large public buildings. Of
course, these values and percentages can vary
from one category of building to another. 

Based on the energy fuel use in the energy
survey sample (78% electricity, 14% fuel oil,
8% natural gas), we can also express these
savings in terms of primary energy using equi-
valent coal:

• Energy savings due to HVAC equipment
and electricity systems: 8 kgce/m2/year of
primary energy;

• Energy savings due to “light improvement”
of envelope: 3.2 kgce/m2/year of primary
energy;

• Energy savings due to “heavy improvement”
of envelope: 6.2 kgce/m2/year of primary
energy.

We present below the illustration of energy
savings for different types of buildings:
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Energy Savings in kWh/m2/year of the Different Rehabilitation Techniques for
Different Categories of Buildings 

20Table

Offices 10 7 4.5 3.9 2.9 2.9 24.2 21.2 
(ref. = 98 kWh/m2/y) (10.2%) (7.2%) (4.6%) (24.7%) (21.6%)

Administration 10 7 4.5 2.8 2.1 2.1 21.5 18.5 
(ref. = 71 kWh/m2/y) (12.8%) (9.9%) (6.3%) (30.3%) (26%)

Shopping Malls *** 10 4.5 9.6 7.2 7.2 *** 38.5 
(ref. = 240 kWh/m2/y) (4.1%) (6.3%) (not relevant) (16%)

Hotels 22 14 4.5 10.4 7.8 7.8 52.5 44.5
(ref. = 260 kWh/m2/y) (8.5%) (5.4%) (1.7%) (20.2%) (17%)

Hospitals 32 16 4.5 8.6 6.5 x 58.1 42.1
(ref. = 215 kWh/m2/y) (15%) (7.4%) (2.1%) (27%) (19.6%)

“Heavy 
Improvement” 
of Envelope

“Light
Improvement” 
of Envelope

Lighting Water 
Pumps

Existing 
HVAC
Equipment

Electricity
Transformer

Total

If “Heavy 
Improvement 
of Envelope” 
+ Systems

If “Light 
Improvement 
of Envelope” 
+ Systems

Technical 
Rehabilitation 

Source: Author’s construction.

Building Surface Areas21Table

Floor Area (m2) 30,000 20,780 18,000 21,000

External Wall Area (m2) 15,000 8,000 3,296 6,300

Window Area (m2) 6,000 2,500 4,500 3,500

Roof Area (m2) 4,000 3,250 1,029 1,350

Number of Floors 5 12 18 21

Hospital Hubei Hotel Education
Department 
Building

Finance
Department 
Building

Source: Academy of Construction of Hubei.

The data exposed below are representative
of different rehabilitation actions. Quotations
for envelope products are given as ratios per
m2 of walls or windows. Since there is a high

diversity of shape coefficients and window-
to-wall ratios among the building stock, we
use four representative buildings to determine
average costs as a ratio of m2 of floor:

3.3.4. The Investment Costs of the Different Actions
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Investment Costs in RMB per m 2 of Floor22Table

Wall Insulation 80 62 29 48 55

Roof Insulation 4 5 2 2 3

Solar Film on Existing Windows 56 34 70 47 52

Double Pane Clear Windows 103 62 129 86 95

External Solar Shadings 40 24 50 33 37

HospitalCosts 
in RMB/m2_floor

Hotel Finance
Department

Education
Department

Average

Source: Author’s construction 

From these economic data, we have deter-
mined two investment costs, corresponding
to the two levels of envelope improvement
that we defined earlier in the energy-saving
potential chapter:

Light improvement of envelope:
Either insulation + solar film: 
RMB110/m2_floor
Or double pane clear window + external
solar shading: RMB132/m2_floor
The average cost for this level 
of improvement is RMB120/m2_floor.

Heavy improvement of envelope:
Insulation + double pane clear + external
solar shadings: RMB190/m2_floor.

Investment Cost for Systems Improvement:
Existing HVAC equipment:
RMB45 to 90 per m2

Lighting and electricity systems improvement:
RMB35 to 50 per m2. 

Improvement of both HVAC equipment and
electricity systems belong to the same categ-
ory of investment (low cost and short payback
period). It ranges from RMB80 to 140  per m2.
We define the average value, RMB110 per
m2 of floor , as a representative cost for this
level of improvement.

Investment Cost for Envelope Improvement

Wall insulation: RMB160 per m2 of wall
Roof insulation: RMB30  per m2 of roof
Window improvement:

Double pane clear: RMB500 per m2 of windows
+ RMB15 per m2 of windows for existing window
removal = RMB515  per m2 of windows;

Use of solar film on existing windows: RMB280
per m2 of windows;

The choice of window improvement strategy
has consequences on the investment cost.

Use of external solar shadings: RMB200 per
m2 of windows.

The investment cost related to envelope im-
provement varies greatly according to the
options we chose. We can see that wall insul-
ation and the use of double pane windows
have a strong impact on total investment cost.

If we use the area table above to calculate
ratios in terms of m2 of floor, we obtain:



3.3.5. Definition of Thermal 
Rehabilitation Level

These actions can then be combined to
define the 3 levels of thermal rehabilitation.
Indeed, a thermal rehabilitation level is defi-
ned as a package of techniques that corres-
ponds to a level of investment cost. As a
result, different thermal rehabilitation levels
give different ranges of payback period and
different ranges of energy savings.

Low Level of Investment 
and Fast Payback Period:

The lowest level of investment includes
actions focused only on:

• Existing HVAC equipment and electricity
systems: pumps with variable frequency,
maintenance operations, part load control
for COP improvement, and terminal emit-
ter regulation with thermostats;

• Electricity systems: remove oversized capac-
ity, use of energy-efficient lighting and light-
ing control + electricity transformer manage-
ment (mainly avoid zero load operation).

Based on the energy savings exposed earlier,
the total savings of these actions can go up to
22 kWh/m2/year of end-use energy, which is
13% of the total energy bill (average value 170
kWh/m2/year).

The breakdown of investment costs given
above defines a representative investment
cost at RMB110 per m2 of floor.

Based on these data, the payback period is
5.4 years. We can define 5 years as a represent-
ative value and it matches local knowledge
of the cost effectiveness of such improvements.

Medium Level of Investment 
and Intermediate Payback Period: 

This level of investment includes all actions
described above (lowest level of investment’s
actions) in addition to those contributing to
the “light improvement” on envelope defined
earlier. So there are two sets of techniques
possible for the same representative cost:

First set of techniques:

• Low level of investment actions;

• Thermal insulation of external walls (inter-
nal or external according to building height
and decorative materials);

• Insulation of roof and ground floor;

• Limited window improvement consisting of
applying a solar film to existing windows to
lower SHGC.

This first package might be more efficient
with buildings using inefficient heat product-
ion plants and that have high heating require-
ments (like hotels and hospitals).

Second set of techniques:

• Low level of investment actions;

• Replacement of windows by double pane
type for better U-value and SHGC;

•Use of external solar shadings.

This second package might be more efficient
with buildings using only electricity since
glazed area improvement would greatly
decrease cooling load.

In any case, it is important to note that in such
a climate zone, glazed area is the most import-
ant element of the facade design since it will
influence both winter and summer energy
performance.
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Based on energy savings exposed earlier, the
total savings of these techniques reach 32
kWh/m2/year of end-use energy, which is
about 20% of the representative total bill.

The investment costs described above define
a representative cost for this level of rehabili-
tation at RMB230 per m2 of floor.

Based on energy savings and costs, the pay-
back period is 7.7 years. The representative
value of 7 years was chosen since it also mat-
ches local knowledge of cost effectiveness.

High Level of Investment 
and Longer Payback Period: 

This level of investment includes all actions
described above (lowest level of investment’s
actions) in addition to those contributing to
the “heavy improvement” on envelope defi-
ned earlier:

• Low level of investment actions;

• Thermal insulation of the envelope;

•Use of double pane windows;

•Use of external solar shadings.

Based on energy savings described earlier, the
total savings of such a package can reach the
representative value of 40.5 kWh/m2/year,
which is about 25% of the representative
total bill. The latter might be a little too high
compared to reality. Therefore, in many cases,
the savings can be up to 30% and more.

The cost of such a package can be defined at
about RMB300 per m2 based on the econo-
mic data exposed earlier.

As a result, the payback time is 8 years. How-
ever, based on local knowledge and since
values here are average and representative,
we chose the value of 9 years to represent the
cost effectiveness of such actions.

3.3.6. Conclusions

We sum up these three levels of action in the
table below:
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Cost, Savings and Payback Time for Each Level of Action23Table

Investment Cost RMB110/m2 RMB230/m2 RMB300/m2

Primary Energy Savings 8 kgce/m2/ year 11.2 kgce/m2/year 14.2 kgce/m2/year

Payback Time 5 7 9

Low Level Medium Level High Level

Source: Author’s construction.

These values are representative and average
for the different categories of buildings inclu-
ded within the stock of large public and admin-
istrative buildings. According to the type of
building , investment, savings and payback
times will vary around these averages.

More options can be considered, such as
significant improvements in COP by replacing
existing heat pumps and chillers with new
models. In addition, new energy-efficient
models of fancoils and all-air systems should
be considered as well, since fans use a signi-
ficant amount of electricity. 



Actions on internal loads are also to be consi-
dered very seriously. For instance, the choice
of computers has a big impact both on the
electricity bill and cooling loads.

Also, it is important to consider strategies
that can improve the economic balance of
the rehabilitation when it involves the envel-
ope. Changing fuel (from fuel oil to gas) can
save a lot of money. The same effect applies
to cold storage. These savings can compen-
sate part of the over-cost due to envelope
improvement.

A last point to consider is the perspective
for the future. This is an area of China where
heating is spreading very fast and the quality
of building envelopes cannot be seen as a
“bonus” anymore. Moreover, energy effi-
ciency can take part in the improvement of
the overall quality of buildings in this area.
Indeed, it has been observed in China that
standards compliance is higher in the north
than in the south and one suspected reason is
the difference in energy efficiency practices
of the envelope due to climate differences
that do not call for the same caution regarding
comfort issues.
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Investment Costs vs Energy Savings

Source: Author’s construction.
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3.4.1. Background 

Government office buildings and large public
structures are areas of high energy consump-
tion. With the development of the economy,
the high energy consumption of these build-
ings is becoming an increasingly serious prob-
lem. In China, the area of large public build-
ings is less than 4 percent of the total area for
urban buildings, but the power consumption
constitutes more than 22 percent of the na-
tional total. The power consumption per unit
area is 70-300 kWh/m2 per annum, which
is about 10-20 times that of ordinary civil
buildings and 1.2-2 times that of countries
in Europe, Japan and elsewhere. The work
to improve energy efficiency in government
office buildings and large public structures
is extremely important in achieving energy-
saving targets during and after the 11th Five-
Year Plan.

In October 2007, the Ministry of Construction
and Ministry of Finance jointly promulgated the
“The Implementation Opinions on Energy-
Saving Management for Government Office
Buildings and Large Public Buildings” referred
to as file [2007]245. As one of the country’s 15
demonstration provinces, Hubei needed to com-
plete energy audits of at least 20 office buildings
in 2007 and publish the results.

3.4.2. Building Energy Audits 

A building energy audit is a process for assess-
ing how much energy a building consumes
and evaluating what measures can be taken
to improve energy efficiency performance.
Professional auditors are assigned the task
by the government or building owners. The
objective of energy audits is that, through
inspection, survey, and analysis of energy
flows in a building , the government can
enhance supervision of the energy dynamics
of the system and improve energy efficiency. 

Energy audits play an instrumental role in the
energy-saving management of government
office buildings and large public buildings. The
audits can be used to research and establish
systems on energy-consumption, energy-use
standards, energy-consumption limits and price
mark-up for consumption above quota, and
further promote rehabilitation mechanisms
including energy service and Energy Perfor-
mance Contracting (EPC) in public buildings.

3.4.3. Building Energy Audits 
in Hubei Province

The Hubei Provincial Construction Depart-
ment mandated the Hubei Provincial Build-
ing Research & Design Institute to complete
energy audits on government offices and
public buildings. So far, they have finished
audits on 47 buildings including 44 govern-
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3.4. Building Energy Audit 
and Rehabilitation Feasibility 
Study of Typical Buildings

Mrs. Ke Ying, Engineer, Institute of Architecture Science 
and Design of the Hubei Province



Building Floor Area

Of the 47 buildings, 7 had floor surface areas
above 20,000 m2, 18 between 10-20,000 m2,

and 22 had floor surface areas of less than
10,000 m2.
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Building Distribution by Year of Construction24Table

2007 4 13 7 24

2008 15 6 2 23

Amount 19 19 9 47

Before 
1990 

Year of
Construction 

1991-2000 After 
2001

Amount

Source: Institute of Architecture Science and Design of the Hubei Province.

Building Distribution by Building Floor Area 25Table

2007 7 12 5 24

2008 15 6 2 23

Amount 22 18 7 47

<10,000Building 
Area

10-20,000 >20,000 Amount

Source: Institute of Architecture Science and Design of the Hubei Province.

Energy-Saving Measures Taken

As many of the buildings were built a consider-
able time ago, very few included energy-
saving measures in their building envelopes.
Three buildings use thermal insulation in the

outer walls; 9 have double-glazed windows;
only 2 use low-E glass; most windows use steel
and aluminum alloy frames; and a small num-
ber of buildings use plastic-steel frames. Most
use interior shading , few use exterior shading.

ment office buildings, 2 complexes (offices
+ hotels), and 1 hotel.

Basic Building Information 

Year of Construction 

Of the 47 buildings, 19 were built before 1990,
19 between 1991 and 2000, and 9 after 2001. 

China started implementing energy efficiency
in buildings later than developed countries.
The Design Standards for Public Buildings on
Energy Saving did not come into force until
2005. Most of these audited buildings, built
before the enactment of these standards, were
inefficient/low energy efficiency buildings.



HVAC

In terms of air-conditioning (AC), out of 47
buildings, 23 use split AC, 24 use central AC
(including 14 water coolers, 6 air source heat
pumps, 3 LiBr absorptions, and 1 VRV). In

terms of heating , 18 use centralized heating ,
17 use boilers (including 1 electric boiler, 5 oil
boilers, 5 coal boilers and 6 gas boilers), 9 use
central AC, and the other 3 use split AC.
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Building AC Type27Table

2007 8 10 3 2 1

2008 15 4 3 1 0

Amount 23 14 6 3 1

Percentage 48.9% 29.8% 12.8% 6.4% 2.1%

Split AC AC

Water 
Cooler

LiBrAir Source 
Heat Pump

Central AC

VRV

Source: Institute of Architecture Science and Design of the Hubei Province.

Building Heating Type28Table

Heating Split Centralized 
AC Heating Air 

Source LiBr VRV Electric Oil Coal Gas
Heat Boiler Boiler Boiler Boiler
Pump

2007 0 10 3 1 1 1 5 2 1

2008 3 8 3 1 0 0 0 3 5

Amount 3 18 6 2 1 1 5 5 6

Percentage 6.4% 38.3% 12.8% 4.3% 2.1% 2.1% 10.6% 10.6% 12.8%

Source: Institute of Architecture Science and Design of the Hubei Province.

Central AC Boiler

Building Energy-Saving Techniques26Table

2007 2 7 1

2008 1 2 1

Amount 3 9 2

Percentage 6.4% 19.1% 4.3%

Thermal Insulation Energy-Saving Methods Double-Glazing Low-E Glass

Source: Institute of Architecture Science and Design of the Hubei Province.



Building Energy Consumption

The 47 audited buildings include 44 govern-
ment offices, 2 complexes, and 1 hotel. The
energy consumption and HVAC systems in
these buildings are as follows:

Average Energy Consumption

The minimum energy consumption of these
buildings is 27.7 kWh/m2; the maximum is 160.2
kWh/m2, which is 5.8 times the minimum.
The energy consumption of the different
types of buildings is set out in the table below.

Building Energy Consumption

Energy Type

The energy used in these 47 buildings is electricity, coal, oil and natural gas. 
The distribution is as follows:
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Energy Type Distribution29Table

2007 24 5 1 2

2008 23 0 7 3

Amount 47 5 8 5

Percentage 100.0% 10.6% 17.0% 10.6%

ElectricityEnergy
Type

Oil Gas Coal

Source: Institute of Architecture Science and Design of the Hubei Province.

Energy Consumption 1 (kWh/m2)30Table

Government Office 44 151 27.7 84.9

Complex 2 160.2 128.2 150.2

Hotel 1 122.1 122.1 122.1

Total 47 160.2 27.7 89.3

AmountType Maximum Minimum Average

Source: Institute of Architecture Science and Design of the Hubei Province.

As the table shows, the average energy
consumption is 84.9 kWh/m2 for govern-
ment office buildings, 150.2 kWh/m2 for the
complex, and 122.1 kWh/m2 for the hotel.
This assessment is more reliable for the
energy consumption of government office

buildings than the two complexes and hotel
because, in this survey, the majority of the
buildings audited were government office
buildings. More samples of the other types of
buildings are needed. 



Different HVAC systems have a significant
impact on a building’s energy consumption.
Because it is difficult to compare energy
consumption of all types of systems, a distinc-

tion is made as to whether the building has
centralized heating or not.
The table below shows the energy consump-
tion of the two general types of systems.
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Energy Consumption 2 (kWh/m2)31Table

Centralized Heating 18 77.3

Non-Centralized Heating 26 87.7

Average Energy Consumption (kWh/m2)AmountGovernment Office

Source: Institute of Architecture Science and Design of the Hubei Province.

The energy consumption of buildings with
centra l ized heat ing  i s  lower  than those
without for two reasons. First, most central-
ized heating buildings use split AC, which
makes it easy to control temperature. In this
way unnecessary waste can more easily be
avoided or prevented altogether. In contrast,
buildings without centralized heating use

inefficient boilers, which have high energy
consumption.

Energy Consumption of HVAC Systems

Wuhan is extremely hot in summer and cold in
winter. For almost 8 months, air-conditioning
or heating is required; therefore HVAC energy
consumption is high.
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HVAC System Energy Consumption and Percentage (kWh/m 2,%)32Table
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The average consumption of HVAC systems is shown below.

The average energy consumption of HVAC
systems is 36.6kWh, about 41.0 percent of
total energy consumption. As the table
shows, in a hot summer and cold winter area,
HVAC is the most significant factor in energy
consumption. Improving energy efficiency
here is instrumental to savings.

Indoor Air Quality Evaluation

Indoor air is intrinsic to people’s daily living
environment. It not only affects people’s
health but also determines their work effi-
ciency. Indoor air quality is evaluated accord-
ing to Audit Technique Standards.

Parameters 

Indoor air quality has been tested in the process
of auditing. The tested items include temper-
ature, humidity, light and CO2 concentration.

Evaluation Standards

Under the Audit Technique Standards, indoor
air quality is normally evaluated according
to Indoor Air Quality Standard GB/T18883-
2002. However, since this document only
provides requirements for temperature, hu-
midity and CO2 concentration, the CIE lumi-
nance (light) standard was adopted here.
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Investment Costs in RMB per m 2 of Floor33Table

Maximum Minimum Average Maximum Minimum Average

AC 29.2% 6.2% 20.1% 41.2 3.6 15.5 

Heating 68.0% 5.8% 27.2% 59.5 5 21.1 

HVAC 75.0% 20.5% 41.0% 85.5 14.6 36.6

PercentageSystem Energy Consumption (kWh/m2)

Source: Institute of Architecture Science and Design of the Hubei Province.

Indoor Environment Evaluation Standard34Table

Unit Parameters Standard value Note

Source: Institute of Architecture Science and Design of the Hubei Province.

Temperature OC 
22-28 cooling

16-24 heating

Relative Humidity %
40-80 cooling

30-60 heating

CO2 Concentration % ≤ 0.1 ppm ≤ 1000

200 hall

Luminosity 1x
500 office

50 traffic area

750 meeting room



Conclusion 

The results show that some office buildings’
indoor air quality failed to meet standards.
This should be taken into consideration and
resolved through retrofit measures. The eval-
uation also partially explains why these build-
ings’ energy consumption is not the same as
other buildings’ of the same type. 

Problems Found During Audits

During the audits, four problems emerged in
terms of building energy efficiency. 

First, energy-saving awareness needs to be
raised and good energy-saving habits should
be developed.  For example,  l ights or air-
conditioning left on in an empty room; doors
or windows open when air conditioners are
still in use; the air handling unit working 24
hours a day, etc.

Second, in some instances a complete set of
technical records for a building could not be
provided. Some buildings do not even have
construction blueprints.

Third, the measurement system is not per-
fect. There is no separate measurement equip-
ment in some buildings; most buildings are
equipped with only one meter; no machine
for sub-measuring can be found in some
departments and sections of a building; and
worse, meters have not been used since they
were installed.

Fourth, experts on energy management are
urgently needed. Some buildings have no
professional energy management personnel.
In particular,  HVAC system management
technicians are hard to find.

Conclusion

Compared with advanced office buildings,
energy consumption in government office
buildings is not high. However, this does not
mean they are energy-efficient, and energy
efficiency management is essential to devel-
op their potential to save energy.

Results 

Below is the evaluation of the 24 buildings’ indoor air quality.
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Meeting Standard Rate35Table

Office 75% 75% 95.8% 20.8%

Meeting Room 78.3% 91.3% 91.3% 0

TemperatureParameter Humidity CO2
Concentration

Luminance

Source: Institute of Architecture Science and Design of the Hubei Province.



3.4.4. Feasibility Studies of Typical 
Existing Buildings’ Rehabilitation

At present, existing building floor space in China
totals 45 billion m2 (19 billion m2 are located
in urban construction), of these buildings more
than 99 percent are not energy-efficient build-
ings. Approximately 2,000 million m2 of new
construction are added every year, 95 percent
of which are also high energy consumption
buildings. Heating energy consumption is 2-3
times that of buildings in developed countries.
Today, China's housing construction is sti l l
in the peak period, and 30 bil l ion m2 are
expected to be added by 2020. Of the new
buildings, just 320 million m2 of urban housing
are energy-saving bui ldings,  with the rest
stil l  high energy consumers. These buildings
wil l  cause increasing amounts of waste in
the future.

Of the different ways to save energy, building
energy efficiency is the most direct and effect-
ive. It is also one of the most effective ways to
handle the energy crisis and to solve the con-
tradiction between socio-economic devel-
opment and the shortage of energy supply.
To decrease the unit GDP energy consump-
tion by 20 percent, required by the national
11th Five-Year Plan, focus must not only be
placed on energy conservation in new build-
ings, but also on the rehabilitation of existing
buildings.

Retrofitting Existing Buildings

The retrofitting of existing buildings incor-
porates three parts: behavior, the building
envelope, and building energy systems and
equipment. 

Behavior 

Energy conservation awareness should be
enhanced and people educated in develop-
ing good habits such as reducing computer
standby time, lights-on time, and closing win-
dows when the air-conditioning is on. The ener-
gy systems of a building should be checked
and upgraded regularly, energy-saving facilities
should be well managed, and the metering
system should be improved constantly. All these
measures can help save energy.

According to statistics, if people follow these
simple energy-saving guidelines, energy-use in
a building can be reduced by nearly 10 percent.

The Building Envelope

The aim of an efficient building envelope is
to improve indoor comfort, reduce the cold
and heating loads of the HVAC system, and
reduce energy consumption. Building envel-
ope energy-saving technology includes ther-
mal insulation, efficient doors and windows,
and shading.

Systems and Equipment

Since energy utilization systems are directly
and closely connected with energy consump-
tion units, retrofitting these systems has
obvious effects. It improves energy efficiency
in the lighting system, AC efficiency, heating
efficiency, and electrical system efficiency, as
follows:
Lighting system: high-efficiency lights, lighting
controls, etc; 
AC system: high-efficiency pumps, heat
recovery, cold storage, frequency conver-
sion, regeneration energy, etc;
Heating system: highly efficient boiler, heat
net retrofit, etc;
Electrical system: power-saving , high-effi-
ciency transformer, circuitry alteration, lifts,
energy return equipment, etc.
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Feasibility Studies 
of Typical Buildings in Wuhan 

Feasibility Study 1

Building Information

Building 1 is a north-facing 18,000 m2 office
building with 18 floors above ground and 2
floors below ground. It was built in the 1990s.
It has a frame structure, the outer wall is filled
with aerated concrete block, and the roof has
40 mm expanded perlite for thermal insula-
tion. The windows are single-pane aluminum
alloy, and the glazing ratios are 55.8% (south),
46.5% (north), and 6.9% (east & west). The
building uses ordinary fluorescent lights and a
few high-efficiency lights in some public areas.
The hot-and-cold source of the HVAC system
is air-to-air heat pumps.
The energy consumption of this building is
73.5 kWh/m2 per annum as follows:
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Source: Author.
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18.0%
12.8%

21.7%

Room electricity Heating Auxiliary
Lighting  Cooling

Building 1 Energy Consumption

51Figure

Analysis of Energy-Saving Potential

Building Envelope
The Energy-Saving Potential of Each Measure

The building envelope includes walls, roofs,
f loors ,  doors  and windows.  The energy-
saving measures involve exterior insulation,
double-glazing , low-E double-glazing , film,
and shading. Once each measure is tested,
conclusions can be made about its potential
for saving energy.  The bui lding envelope
influences the HVAC system’s cold load, heat-
ing load, and energy consumption. The table
below sets out the performance of each
measure in energy efficiency, including cold
load, heating load, total cold load, total heat-
ing load, and the system’s total consumption. 
After the simulation of a single measure,
some packages of energy-saving measures
can be decided based on practical conditions
and circumstances.



The exterior insulation will destroy the decor
of the wall and increase costs. The cost of ex-
terior insulation is RMB150 per m2, interior
insulation is RMB80 per m2, but the energy-
saving impact is almost the same. Interior
insulation is therefore the preferred economic
choice.

The best techniques for windows are double-
glazing and removable outside shading. As
low-E glass is too expensive and does not

achieve a good effect in both summer and
winter, ordinary double-glazing plus remov-
able outside shading for windows is a good
choice. Double-glazing inside existing win-
dows is also a good measure, and removable
shading between will have a satisfactory ener-
gy-saving effect.

As a result, interior insulation plus ordinary
double-glazing plus outside shading are often
used in building envelope retrofits.
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The Energy-Saving Potential of Individual Techniques 
for the Building Envelope

36Table

Outer wall Outer wall 
EPS 30 mm EPS 30 mm 
roof XPS roof XPS Roll 
50 mm 50 mm medium
floor EPS floor EPS K=2.8, k=2.8, opaque
50 mm 50 mm SC=0.475 SC=0.76 SC=0.40 only for 

Cold Load -15.9% -13.4% -7.7% -1.2% 1.0% -23.8%

Heating Load -14.6% -14.7% -2.5% -16.3% -19.3% 0.0%

Cooler -2.8% -0.8% -18.3% 1.1% -12.4% -25.7%

Heat Generation -25.3% -26.5% 15.8% -25.9% -22.4% -1.9%

HVAC -8.8% -8.1% -4.4% -7.0% -12.6% -13.2%

Total Energy 
Consumption -3.9% -3.6% -1.9% -3.1% -5.6% -5.8%

Exterior 
Insulation

Energy
Efficiency
Technique &
Parameters

Source: Author.

Interior
Insulation

Film Double-
Glazing

Low-E
Double-
Glazing

Exterior
Shading



After retrofitting , a building can reduce the
cold load by 44.6 percent, the heat load by
38.2 percent, total HVAC system consump-
tion by 31.7 percent, and total building energy
consumption by 14 percent.

Lighting System

Lighting system retrofits use high-efficiency
lights and lighting controls.

High-efficiency lights: the building used T8
lights. If these are changed to T5 lights, 40
percent of energy consumption on lighting
could be saved. Lighting density could be
decreased in the model.

Lighting controls: there are step controls and
linear controls in the software. Here the 3-step
control was chosen.
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Total Energy-Saving Potential of the Building Envelope37Table

Cold Load -44.6%

Heating Load -38.2%

Cooler -27.1%

Heat Generation -62.9%

HVAC -31.7%

Total Energy Consumption -14.0%

Interior Insulation + Ordinary Double-Glazing
+ Outside Shading

Energy Efficiency Technique

Source: Author.

The Energy-Saving Potential of the Lighting System38Table

Cold Load -1.5% -1.3% -1.9%

Heating Load 0.0% 0.0% 0.0%

Cooler -4.1% -3.1% -5.8%

Heat Generation 1.9% 2.5% 3.0%

HVAC -1.5% -0.8% -2.0%

Total Energy Consumption -8.3% -6.9% -11.9%

Energy Efficiency Technique High Efficiency T5 Lights 3-Step Control Combination

Source: Institute of Architecture Science and Design of the Hubei Province.



Using high-efficiency lights and lighting con-
trols has a significant energy-saving effect,
with a possible reduction of energy consump-
tion of almost 11.9 percent.

AC System

The AC system is fan coil with isolated fresh
air. The cooling and heating source is air-to-air
heat pumps. Since there is no air return duct,
and the fresh air unit is not used frequently,
the air system will not be retrofitted. How-
ever, as the water system in air conditioners
has high energy consumption, the cold water
pumps need to be replaced with high-effi-
ciency ones. 

The existing pumps will be replaced by high-
efficiency warm pumps to increase efficiency
and save energy. With the same flow rate and
speed, each pump can save nearly 20,000

kWh per pump (8 months per year, 9 hours
per day), for a total of RMB74,400 per year. 

Electric System

During the audit, the power of the electricity
distribution system was found to be quite
high in the building. However, after using
the capacitance, it reduced to 0.95. Thus, the
electricity distribution system will not be
retrofitted except for the elevators.

Energy return equipment will be added to
the elevators to save energy by returning the
electricity stored in the capacitance to the
electricity net. This retrofit has a significant
electricity-saving effect, with a rate of 25-30
percent. The lift’s electricity consumption
can be reduced by about 45,000 kWh per
year, with the investment being returned
within a year.
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Total Energy-Saving Potential

Building 1 Energy-Saving Potential39Table

Energy Savings 186,741.3 152,175.8 80,000 45,000

Total Energy Savings 451,949.9

Percentage 34%

Building
Envelope

Energy-Saving Technique Lighting AC Lift

Source: Institute of Architecture Science and Design of the Hubei Province.

By retrofitting the building envelope, lighting ,
AC and lift, this building will reduce its energy

consumption by 34 percent, about 451,950
kWh per year.



The total required investment is about RMB
3.4 million. The retrofit can save 34 percent of
overall energy consumption and 0.45 million
kWh of annual electricity consumption, or
RMB0.42 million in electric charges (calculat-
ed at the current rate of RMB0.93 per kWh)
per year. The initial estimate shows that the
payback period is about 8.1 years.

Environmental Effect

While saving energy, the retrofit can signific-
antly reduce the release of greenhouse gases
and atmospheric pollutants. It is calculated
that 0.45 million kWh of electricity can be
saved each year, or 164 T of coal, and consider-
ably reduce the emission of 429 T of CO2 ,
1.39 T of SO2 and 1.21 T of NOx.

Feasibility Study 2

Building Information

Building 2 is a north-facing hotel that has 14
floors above ground and 1 floor under ground.
The total floor area is 20,780 m2. It has a shear
wall structure — the outer wall uses aerated
concrete blocks, and the windows are alu-
minum alloy with single-layer ordinary glass.

This building uses a water cooler and a coal
boiler as cold and hot sources. The boiler also
supplies the kitchen and the laundry with
steam.

The unit energy consumption is 54.1 kWh per
m2 of electricity, 32.09 kg per m2 of coal, and
1.16 kg per m2 of oil .  Total energy con-
sumption is 1,22.1 kWh per m2 per year.
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Investment Analysis 

Building 1 Energy-Saving Retrofit Investment Analysis40Table

Energy savings (kWh/year) 186,741.3 152,175.8 80,000 45,000

Economy (RMB/year) 173,669.4 141,523.5 74,400 41,850

Investment (RMB) 2,679,058 596,061 80,000 49,740

Payback Period (year) 15.4 4.2 1.1 1.2

Energy Savings (kWh/year) 451,949.9

Economy (RMB/year) 420,313.4

Investment (RMB) 3,404,859

Payback Period (years) 8.1

Building
Envelope

Energy-Saving Technique Lighting AC Lift

Source: Author.



Energy-Saving Potential 

The rehabilitation program is described below:
Building envelope: exterior insulation, double-
glazing , outside shading;
Lighting: high efficiency light (T5 light);
AC system: high-efficiency pump, transducer;
Heating system: gas boiler;
Electric system: high-efficiency transformer,
circuitry alteration.
The energy-saving potential is obtained
through simulation and calculation.
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Source: Author.

Building 2 Energy Consumption

52Figure
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Building 2 Energy-Saving Potential41Table

Electricity Savings (kWh/year) 95,749 63,220 50,429 0 168,758 

Electricity Savings (kWh/year) 378,156 

Percentage (%) 34%

Coal Savings (T/year) 152 0 0 256 0 

Coal Savings (T/year) 331 

Percentage (%) 49%

Building
Envelope

Energy-Saving 
Technique

Lighting BoilerAC Electric
System

Source: Author.



The total investment is about RMB5.9 million.
The retrofit can save RMB0.9 million per year,
and the payback period is about 6.6 years.

Environmental Effect

It can save 396 T of standard coal, and reduce
CO2 by 1036 T, SO2 by 3.36 T and NOx by
2.93 T.

Feasibility Study 3

Building Information

Case 3 is a hospital. The hospital consists of
three buildings, which were built around 1982.
These buildings serve the in-patient and out-
patient departments and administrative
offices. The floor area is 29,777 m2; the outer
wall is 240 mm brickwork with single-layer
plastic windows. The HVAC system uses a LiBr

Investment Analysis

absorption unit and coal boiler as the cold
and heating source. The boiler also provides
hot water and steam for other uses. 

Energy-Saving Potential

The rehabilitation program is set out below:
Building envelope: exterior insulation, double-
glazing , outside shading;
Lighting: high-efficiency light (T5 light);
AC system: high-efficiency pump, transducer;
Heating system: gas boiler, heat net insulation
retrofit;
Electric system: high-efficiency transformer,
circuitry alteration.
The energy-saving potential  is  obtained
through simulation and calculation.
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Building 2 Energy-Saving Retrofit Investment Analysis42Table

Electricity Savings (kWh/year) 95,749 63,220 50,429 0 168,758 

Coal Savings (T/year) 152 0 0 256 0 

Gas Savings (m3/year) 81,456 0 0 137,485 0 

Economy (RMB/year) 317,124 58,794 46,899 384,959 156,945 

Investment (RMB) 3,178,000 200,000 100,000 1,400,000 1,000,000 

Payback Period (years) 10.0 3.4 2.1 3.6 6.4 

Electricity Savings (kWh/year) 378,156 

Gas Savings (m3/year) 194,505 

Economy (RMB/year) 896,299 

Investment (RMB) 5,878,000

Payback Period (years) 6.6

Building
Envelope

Energy-Saving 
Technique

Lighting BoilerAC Electric
System

Source: Author.
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Building 3 Energy-Saving Potential43Table

Electricity Savings (kWh/year) 0 103,371 109,594 0 286,276 

Electricity Savings (kWh/year) 499,240 

Percentage (%) 35%

Coal Savings (T/year) 303 0 0 530 0

Coal Savings (T/year) 674

Percentage (%) 26%

Building
Envelope

Energy-Saving 
Technique

Lighting BoilerAC Electric
System

Source: Author.

Investment Analysis

Building 3 Energy-Saving Retrofit Investment Analysis44Table

Electricity Savings (kWh/year) 0 103,371 109,594 0 286,276 

Coal Savings (T/year) 303 0 0 530 0

Gas Savings (m3/year) 162,727 0 0 284,638 0

Economy (RMB/year) 455,636 96,135 101,922 796,986 266,236 

Investment (RMB) 6,650,350 230,000 200,000 1,697,000 1,500,000

Payback Period (years) 14.6 2.4 2.0 2.1 5.6 

Electricity Savings (kWh/year) 499,240 

Gas Savings (m3/year) 398,547 

Economy (RMB/year) 1,580,225 

Investment (RMB) 10,277,350

Payback Period (years) 6.5 

Building
Envelope

Energy-Saving 
Technique

Lighting BoilerAC Electric
System

Source: Author.



The investment is about RMB10.28 million.
The retrofit can save RMB1.6 million a year,
and the payback period is about 6.5 years.

Environmental Effect

It will save 711 T of standard coal, and reduce
CO2 by 1862 T, SO2 by 6.04 T and NOx by
5.26 T.

3.4.5. Conclusions

The following conclusions can be drawn from
these audits and feasibility studies.
The average energy consumption of audited
bui ldings is  89.3 kWh per m2.

Government office buildings consume 84.9
kWh per m2, complexes 150.2 kWh per m2,
and hotels 122.1 kWh per m2.
The average energy consumption of the
HVAC system is 36.6 kWh per m2, about 41
percent of total energy consumption.
The retrofits can efficiently reduce build-
ing energy consumption. The energy-saving
potential is more than 30 percent. The invest-
ment in retrofits will be returned in 10 years.
The payback period for a building envelope
retrofit is 10-15 years.
The payback period for updating an energy
system is comparatively short — usually less
than 5 years.
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The methodology applied at the scale of
Wuhan to determine the energy-saving
potential, its corresponding investment costs,
and payback periods, has been successful.
We have obtained numerous estimates for
the considered portion of the building stock:
administrative buildings and large public
buildings. Based on the results obtained in
Wuhan, we have extended investment cost
volume, energy and money savings,  and
reductions of CO2 emissions to the scale of
Hubei province and all the Yangtze river area
within the limit of reasonable similarities of
cl imate and bui lding f loor area statist ics
(Hubei, Hunan, Jiangxi and Anhui).

This  work has  been carr ied out  to show
decis ion-makers and investors the stakes
related to large-scale programs of thermal
rehabilitation of the public building stock. This
was done for 3 geographical scales and 3 levels
of thermal rehabilitation corresponding to 3
levels of investment and energy savings.

Wuhan Scale

We synthesize here results obtained at Wu-
han’s scale for average energy consumption
and energy savings for the 3 levels of invest-
ment and performance for building thermal
rehabilitation. The considered building area
for large public buildings and administrative
buildings is 37.4 million m2 (half of the public
building stock):

• Low-cost rehabilitation: RMB4.1 bil l ion
invested, 0.3 Mtce per year of primary
energy and 0.8 Mt CO2 per year saved;

•Middle-cost rehabilitation: RMB8.6 billion
invested, 0.42 Mtce per year of primary
energy and 1.1 Mt CO2 per year saved;

• High-cost rehabilitation: RMB11.2 billion
invested, 0.53 Mtce per year of primary
energy and 1.4 Mt CO2 per year saved.

Hubei Province Scale

This second part shows the results at Hubei
Province’s scale. These are based on com-
parisons of statistics between Wuhan and
Hubei and the assumption that Wuhan is
representative of Hubei’s climate. 

To do this extrapolation, we consider that
building’s properties and energy issues are
similar. Therefore, we only need to estimate
the building floor area that is concerned by
the rehabilitation of public buildings.

According to statistics, public building floor
area in Hubei Province is 263 mill ion m2.
Without more accurate statistics, we will con-
sider the same assumption as in the case of
Wuhan: we apply rehabilitation packages on
half of this area. Therefore, the considered
area for building rehabilitation is 131.5 million
m2, and that leads to the stakes below:
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3.5. Stakes and Extrapolations 
from Wuhan to Hubei 

and the Yangtze River Area
Mr. Aymeric Novel, Consultant, TERAO Green Building Engineering



• Low-cost rehabilitation: RMB14.5 billion
in-vested, 1.1 Mtce per year of primary
energy and 2.9 Mt CO2 per year saved.

•Medium-cost rehabilitation: RMB30.2 billion
invested, 1.47 Mtce per year of primary
energy and 3.8 Mt CO2 per year saved.

• High-cost rehabilitation: RMB39.5 billion
invested, 1.9 Mtce per year of primary energy
and 4.9 MtCO2 per year saved.

The Yangtze River Area Scale

Finally, we have extrapolated results obtained
in Wuhan and Hubei to the entire Yangtze ri-
ver area. In this area, we can identify a certain
amount of provinces, which could be included
in our extrapolation. The 2 important ques-
tions to answer in order to do this are climate
similarity and building floor area statistics. 

We have first addressed these issues for 9
provinces located around the Yangtze River.
Weather data are illustrated by each of these
provinces’ capital. They are listed below:

•Shanghai (City of Shanghai);

•Hunan (City of Changsha);

•Hubei (City of Wuhan);

•Jiangxi (City of Nanchang);

•Anhui (City of Hefei);

•Chongqing Shi (City of Chongqing);

•Sichuan (City of Chengdu);

•Jiangsu (City of Nanjing);

•Zhejiang (City of Hangzhou).

The map below illustrates these locations
around the Yangtze River:
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Map of Locations in the Yangtze River Area

Source: Map of China Internet Version of State Bureau of Surveying and Mapping.
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Climate Similarities

We have analyzed the weather data of the
cities on the map above. As with Hubei and
Wuhan, we can consider the weather data of
a province’s capital as being representative of
the province’s climate. Weather data come
from the sources listed below:

China Climate Data 2007

CSWD: Chinese Standard Weather Data
(developed by Tsinghua University and the
Meteorological Bureau of Beijing); 
SWERA: Solar and Wind Energy Resource
Assessment (developed by the United Na-
tions for wind and solar resources assess-
ments in developing countries); 

IWEC: International Weather for Energy
Calculations (developed by ASHRAE for ther-
mal calculations in buildings).

We present the results of the comparison of
weather data below:

• Climate Classification: According to Köp-
pen and ASHRAE classifications, the cities
considered all belong to the same climate
zone: “humid subtropical” according to
Köppen (type Cfa) and “mixed-humid”
according to ASHRAE (type 4A).  These
classifications are widely used for climate
classification and considered to be reliable. 

This agrees with the official climate map 
of China seen below:
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The climate zone named “Hot Summer and
Cold Winter” includes all the Yangtze River
area. It tends to confirm that this part of
China has a quite homogeneous climate pat-
tern, as does the Yangtze River area.

•Monthly Mean Temperatures: For monthly
and yearly mean temperatures, 7 cities are
similar.  A difference of about 2.6o C for
monthly temperature and 2o C for yearly
temperature is observed. The 2 cities that

Source: Lawrence Berkeley National Laboratory.
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have slightly different data are Chengdu
and Chongqing. Chengdu is colder in winter
and Chongqing is hotter in summer. In the

graph below, in order to illustrate the “cli-
mate package” better, we used Beijing and
Guangzhou data to highlight differences.

• Extreme Temperatures: The difference bet-
ween yearly maximum temperatures in
cities other than Chongqing is 2.2oC. The
difference between yearly minimum tem-
peratures is  5o C.  According to “China
Climate Data 2007 ”, the difference in max-
imum temperatures is 2.1o C and the differ-
ence in minimum temperatures is 4.6oC. In
both cases, the data are very similar. The dif-
ference in minimum temperature is a little
large. However, if we remove Nanchang
from the sample, it drops to 2.6oC, which is
in agreement with the average difference of
2oC within that climate area. To give an idea
of these extreme temperatures, in Wuhan,
the maximum temperature is 37oC and the
minimum temperature is -5.8oC.

• Relative Humidity: We observe differences
of about 10.5% if we consider cities other
than Chongqing and Chengdu.

•Degree-Days:*We present here an analysis
of degree-days (DD) based on 18oC. The dif-
ference in heating degree-days is about 50
DD. The difference in cooling degree-days is
about 33.8 DD. If we use Wuhan as the refer-
ence city and remove Chongqing from the
package, the difference in heating degree-
days between Wuhan and other cities is 3%.
Heating needs are therefore quite similar.
The difference in cooling degree-day is 13%.
In other words, energy needs in these cities
are  quite similar. 
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Source: Author’s construction.
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Source: Author’s construction.
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• Solar Irradiation: For global horizontal irra-
diation, the difference is about 1000 Wh
per m2 even if we remove Chongqing and
Chengdu. This is a significant difference.
However, these data are of limited reliability
since most of them are calculated instead of
measured. Therefore, they depend on the
chosen calculation algorithm. 

Conclusions on Climate Similarities

We can say that Shanghai, Nanjing , Hang-
zhou, Hefei, Nanchang, Wuhan and Changsha
are quite similar in terms of climate. Solar irra-
diation is a particular parameter and data vary
too much from one source to another to use
it as a relevant comparison point. 

Chengdu and Chongqing are a bit different
from this “climate package” because they are
more western cities, close to the edge of the
climate zone named “cold winter”:

Homogenous Climate Zone

Source: Map of China Internet Version of State Bureau of Surveying and Mapping.
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Homogeneous
climate zone

As a result, this study excludes Sichuan and
Chongqing from our extrapolation. These
two provinces are within the transition area
of two climate zones. 

To conclude, we can consider that the climate
around the Yangtze River is quite homogeneous
by comparing several important weather data
parameters. 

Thus, energy consumption and energy-saving
potential analyses conducted in Wuhan might
be applied, as a first approximation, to estimate
savings and costs in surrounding provinces,
except for Sichuan and Chongqing.
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Climate s imilar it ies tend to prove that  
performance, quality and building design
approaches are similar in all these regions. 
It is likely that building stocks will show similar
characteristics as those observed in Wuhan in
terms of energy efficiency and energy-saving
potential. 

Building Floor Area Statistics

In the book China Statistical Yearbook on
Construction 2008, we obtained the built
floor area in 2008 for the 9 studied provinces.
It is given in the table below:
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Built Floor Area in 2008 
for the 9 Provinces around the Yangtze River in million m 2

45Table

Shanghai 60.9 22.5 37% 12.8 21% 25.6 42%

Jiangsu 
(Nanjing) 349 73.8 21% 72.6 21% 202.6 58%

Zhejiang
(Hangzhou) 340.9 108.1 31% 74.5 21.9% 158.3 47.1%

Anhui
(Hefei) 72.1 11.3 15.7% 15.4 21.4% 45.4 62.9%

Jiangxi 
(Nanchang) 45.7 5.2 11.4% 11.5 25.2% 29 63.4%

Hubei
(Wuhan) 84.3 14.4 17.1% 17.1 20.3% 52.8 62.6%

Hunan
(Changsha) 82 8.8 10.7% 23.4 28.5% 49.8 60.8%

Chongqing 57.5 5.1 8.9% 10.3 17.9% 42.1 73.2%

Sichuan
(Chengdu) 96.3 9.6 10% 18.6 19.3% 68.1 70.7%

Total 1,189 258.8 21.8% 256.5 21.6% 678.7 56.6%

Province Proportion
of Housing 

HousingProportion
of Public 
Non-
Industrial

Public 
Non-
Industrial

Proportion
of Industry

IndustryTotal

Source: China Statistical Yearbook on Construction.

In general, we see the same proportion of
housing to public buildings in these provinces
as in Hubei and Wuhan — about 60/40. In the
case of Hubei and Wuhan, the proportion of
the yearly built area between public buildings

and housing was quite close to the proportion
within the total building stock. Since we do
not have explicit statistics for other provinces,
we assume that this is also true for them.
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We also observe that Jiangsu and Zhejiang
provinces have different statist ics .  These
provinces build many more buildings than the
others. They are located near the east coast,
around Shanghai. Statistics show that urban
development is different in these provinces
compared to more central provinces. Notice-
ably, industrial buildings comprise a much
bigger part of the built floor area.

For these reasons, we consider that the
extrapolations of studies made in Wuhan
should be applied only to provinces that have
similar building sector dynamics because
we want to estimate the total floor area
based on yearly built area. 

In the table below, we sum up the remain-
ing provinces. We also remove Sichuan and
Chongqing because of the climate analysis. 

As a result, we only apply the extrapolation to
Anhui, Jiangxi, Hunan and Hubei provinces:

Extrapolated Built Floor Area46Table

Anhui
(Hefei) 72.1 11.3 15.7% 15.4 21.4% 45.4 62.9%

Jiangxi 
(Nanchang) 45.7 5.2 11.4% 11.5 25.2% 29 63.4%

Hubei
(Wuhan) 84.3 14.4 17.1% 17.1 20.3% 52.8 62.6%

Hunan
(Changsha) 82 8.8 10.7% 23.4 28.5% 49.8 60.8%

Total 284.1 39.7 14% 67.4 23.7% 177 62.3%

Province Proportion
of Housing 

HousingProportion
of Public 
Non-
Industrial

Public 
Non-
Industrial

Proportion
of Industry

IndustryTotal

Source: China Statistical Yearbook on Construction.

For the statistic study in Hubei, we found:
Total building floor area in urban areas: 758
million m2, including: 

• Housing area: 495 million m2;

• Public building area: 263 million m2.

In Hubei in 2008, the total built area* was
84.3 million m2. It corresponds to 11.1% of the
existing building stock in urban areas. If we
apply this idea to housing and public build-

ings, we find respectively 10.6% and 12% of
newly built floor area.

The idea is to apply this rate of building floor
area renewal per year to the four provinces
considered as mentioned above.
We apply these percentages to the 4-prov-
ince total:
Total building floor area in urban areas: 2.56
billion m2, including:

[*] Area refers to floor space area.



• Housing area: 1.67 billion m2;

• Public building area: 890 million m2.

As for Wuhan, we consider that thermal rehab-
ilitation is applied to half of the public building
stock. Therefore, the considered area is 445
million m 2.

Remember that these values are only for
urban areas. The obtained value also correl-
ates the value of 3 billion m2 of building floor

area in the Yangtze River area that we find in
the report of the energy efficiency bureau for
thermal rehabilitation. Since the considered
provinces are not mentioned in this report,
we can only conclude that all the information
we have is consistent with itself. 

The map below shows the zone around the
Yangtze River where we apply the extrapol-
ation of the results obtained in Wuhan:
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Map of the Extrapolation Area

Source: Map of China Internet Version of State Bureau of Surveying and Mapping.
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As was shown before, 3 other provinces
(Hunan, Jiangxi and Anhui) can be used for
larger extrapolation since their climates and
building floor area statistics are very similar
to those in Hubei. The considered area is 445
million m2:

• Low-cost rehabilitation: RMB49 bil l ion
invested, 3.6 Mtce per year of primary
energy and 9.5 Mt CO2 per year saved;

•Medium-cost rehabi l i tat ion: RMB102
bill ion invested, 5 Mtce per year of primary
energy and 13.1 Mt CO2 per year saved;

• High-cost rehabilitation: RMB134 billion
invested, 6.3 Mtce per year of primary
energy and 16.4 Mt CO2 per year saved.
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In comparison, 445 million m2 is half of the
French public building stock and 16.4 Mt CO2

is more than 15% of France’s building sector
CO2 emissions! We can see that large-scale
thermal rehabilitation in the Yangtze River
area could have significant impact.

Further extrapolations in other provinces
require additional studies based on the
methodology we have exposed in this semi-
nar. Indeed, climate data in Sichuan and
Chongqing Shi are different. Moreover, build-
ing floor area statistics for the east provinces
around Shanghai are also different. However,
the techniques to be used are probably similar.



Ladies, gentleman, and experts: good morn-
ing. I think we can safely say that after yes-
terday's discussions, our experts have mana-
ged to reach a consensus on how to advance
energy efficiency retrofitting of existing build-
ings. This is primarily a consensus on the need
to set up a market-based mechanism to serve
as a foundation for progress. Adopting such a
market-oriented approach will require some
very important work be done – measure-
ment of energy savings and supervision of
energy conservation operational management. 

This requires us to use a scientifically accurate
way of calculating energy savings, thus provi-
ding itemized and operational supervision. 

Experts in our economic team have done
research on this kind of system for the office
buildings of State organs and large public
buildings. I would now like to give a simple
presentation of the overall situation we have
encountered. 

The presentation will include the following
aspects: first, a basic introduction to the
buildings in Wuhan Municipality; second,
research on an energy savings supervisory
system; third, the safeguard measures we have
adopted; fourth, our energy-saving targets

and an ongoing economic analysis; and finally,
a brief introduction to a case study on setting
up a supervisory platform for energy savings. 

And so we turn to the situation in Wuhan
Municipality. Yesterday, a lot of experts from
our scientific team gave a very detailed intro-
duction to everybody about this so, in order
to save time, I will not go into detail. 

In the process of calculating energy consump-
tion, we felt that there was currently a very
important issue to resolve: none of the build-
ings of State organs or large public buildings
have the equipment for taking itemized
measurements. As a result, we believe that
enhancing the market behavior of opera-
tional mechanisms would not be beneficial
as the next step, and that the issue of item-
ized measurements should be resolved first.
At the same time as resolving this issue, we
must also set up a system of close super-
vision. I would now like to move on to the
second item on the agenda.

Research into a supervisory system for energy
savings. Our mayor actually gave us all a brief
introduction to this system in yesterday's
plenary session. It includes five aspects: (1)
calculation of energy consumption; (2) audit-
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3.6. Focus: Administration 
Buildings and Large Public Buildings 
in Wuhan – Study on an Energy
Savings Monitoring System

Mr. Tong Mingde, Chief Engineer of the Architecture Committee,
Energy-Saving Office of Wuhan 
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ing of energy resources; (3) keeping the public
informed of energy efficiency; (4) energy
consumption quotas; and (5) guidelines on
price increases for exceeding quotas.

The main thoughts on how to ensure super-
vision is that these five systems need to be
establ ished.  A prerequis ite condit ion for
their establishment is that we set up an
energy consumption platform. Such a plat-
form would allow for the aforementioned
work to continue. 

The aim is to construct a platform to monitor
energy consumption. There appear to be the
following few ways of doing this in Wuhan
Municipality. First, we should set up an admin-
istrative center that looks at the office build-
ings of State organs and large public buildings.
This center will manage energy consumption
monitoring of the public building stock (over
20,000 m2) in Wuhan Municipality. This is one
of our aims.

The second aim is to introduce measures of
itemized measurements in existing buildings.
This includes measures concerning what we
have just been discussing: systems for ration-
ing heating and air-conditioning , l ighting ,
office systems (including electricity, water, gas,
etc.). Through such itemized measurements,
the data would then be entered into our super-
visory platform. This supervisory platform
would perform powerful calculations, analyz-
ing energy consumption as well as the good
and bad areas of our management of energy
conservation. It would perform a powerful
analytical, statistical and even partial auditing
function.

So, setting up a supervisory platform has in
fact three aspects. We first need to study
how to formulate a method of evaluating
energy consumption analysis for the office

buildings of State organs and large public
buildings. Such a method must, of course,
comply with relevant State procedural rules
and regulations. The second study should
involve the formulation of a new set of quota
standards. We require this kind of market
mechanism to complement the energy effi-
ciency retrofitting of existing buildings. In fact,
other than discussing financing mechanisms,
there is another incredibly important task at
hand — economic policy incentives. I believe
that a financing mechanism without eco-
nomic policy incentives is never enough. As
a result, it is imperative that we introduce
energy consumption standards and they
must be adapted to the different categories
of buildings. The energy consumption quotas
should, for example, be different for govern-
ment office buildings, shopping centers, office
buildings, hotels, etc. Professor Li from the
Wuhan University of Science and Technology
gave us all a presentation yesterday that high-
lighted the huge differences in energy con-
sumption even in the same kind of shopping
centers. This included the energy consumption
of Wuhan Shopping Center and Qingshang
Shopping Center. The difference in annual
energy consumption per m2 is very large, but
does this mean that if a shopping center has
high energy consumption it is unreasonable?
Does Wuhan Shopping Center's high energy
consumption, therefore, make it unreason-
able, and Qingshang's low consumption
make it reasonable? I do not believe it is so
simple, and thus formulating energy con-
sumption standards is an extremely complex
process. We cannot simply look upon high
annual energy consumption per m2 as unrea-
sonable and low annual energy consumption
per m2 as reasonable. It is just not that simple.
Formulating energy consumption standards is
thus an extremely crucial step.
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these guidelines and felt that, for climatic
areas like our own that are hot in the summer
and cold in the winter, further relevant
research was st i l l  needed.  As such,  our
research group formulated the Wuhan City
Regulations on Energy Auditing of State
Organ Office Buildings and Large Public
Buildings in accordance with the Ministry
of Construction's guidelines. These basically
state how auditing can be done in a scientific
and rational manner. 

Meanwhile, we began energy audits on 23
buildings in Wuhan. This has primarily been
carried out by students and teachers, led by
the research team of Professor Li from the
Wuhan University of Science and Technology.

The third aspect is that of keeping the public
informed, which ignites public debate. We
can thus let the public supervise the high
energy consumption of buildings. We have
drafted the Administrative Regulations on
Public Energy Information on State Organ
Office Buildings and Large Public Buildings in
Wuhan Municipality, which states how to go
about making such information public. Ener-
gy-inefficient buildings have primarily been
made public through the use of government
websites and newspapers. I would now like to
share with everyone the safeguard measures
for this supervisory system.

There is a leading group charged with the
supervisory system of State organ office build-
ings and large public buildings. Below the
leading group is an office, which is responsible
for this area of work. Constructing a super-
visory platform is mainly the work of our test-
ing center,  run by Wuhan's Kangcheng
Science and Technology Development Com-
pany, Ltd., and Wuhan University of Science
and Technology. Energy consumption statistics

The third aspect is to set fixed cost standards
for the price increases for exceeding quotas. If
we allow a building to consume a certain
amount of electricity and this amount is
exceeded, then a set system of price increases
must be adopted. This is a very important
aspect of establishing a market mechanism as
it will allow us to benefit from carrying out
energy efficiency retrofitting.

As part of current national implementation
plans for energy conservation and emissions
reduction, including those of the Ministry of
Construction, Wuhan Municipality has been
nominated as a demonstration city for the
establishment of a system to supervise and
control the energy conservation in State
organ office buildings and large public build-
ings. We have thus managed to acquire fund-
ing from the Ministry of Finance. We have so
far received payment of the first two install-
ments of this funding. Meanwhile, Wuhan
Municipality has also provided us with some
funding to support the construction of a
supervisory platform for energy conservation.
I will not go into precise details of this funding
with everyone right now. 

The construction of a supervisory platform of
energy conservation also involves a statistical
element. We have drafted guidelines on
gathering statistics in a scientific and rational
way. I believe that this is key. If your statistical
methods are irrational then it is very possible
that the calculations will not reflect the true
energy consumption of buildings scientifically.
This is why we formulated guidelines on col-
lecting energy statistics in Wuhan. 

Energy data is the second aspect. How energy
data is gathered is also extremely important.
The Ministry of Construction has statistical
guidelines for energy audits. I had a look at
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large-scale statistical system for State organ
office buildings and large public buildings.
The third is auditing. The fourth is managing
checks on energy conservation in such build-
ings throughout Wuhan Municipality. There 
is one main framework for this. Statistical data
is taken from itemized measurements of elec-
tricity, water and gas, and transferred to our
data collection center. Once analysis has been
carried out on this data, we have a basic idea
of the energy consumption of the system or
building. This can then provide our operatio-
nal,  management and policy-making levels
with analytical information on which to base
their decisions. This data can also be reported
to the next administrative level up, including
the Provincial Construction Office and Minis-
try for Construction. If anyone is interested,
we could go to the Wuhan City Supervision
Bureau to give you a demonstration of how
this interface works.

This is the basic supervisory platform and in
the process of monitoring , it became incredi-
bly clear what the energy consumption of the
building was. For example, we discovered that
in the evening , after office hours, many offices
left their lights and even their computers
on. We carried out some analysis and studied
this straight away and adopted measures
concerning the operational management
of the Supervision Bureau. The situation is
currently as follows: after eight months of
operational management, we have saved
14kW of electricity. The buildings cover an
area of around 6,000 m2. Everyone can have
a look at our interface. The management of
our air-conditioning interface has been par-
ticularly strictly enforced. This has primarily
involved regulating the compressors, cold
drinking water and water pumps. By regulating
the air-conditioning , we resolve an important

are currently being compiled by universities,
the departments of the Housing Bureau, as
well as local government offices. Wuhan
Municipality energy statistics have not only
been gathered on State organ office buildings
and large public buildings but also across its
districts. Last year, we gathered statistics on
5,600 buildings in Wuhan municipal districts.
This was done by groups from 20 residential
committees that carried out door-to-door
energy consumption checks in the evenings.
Our statistical data confirms the situation that
the mayor presented us with in yesterday's
meeting.

Energy auditing was carried out by the
Wuhan University of Science and Technology
and related work units, including the Inves-
tigation Academy. Informing the public is pri-
marily the responsibility of the construction
committee. For constructing the supervisory
system, there was a tender for bids, resulting
in the work currently being granted to the
Wuhan Kangcheng Science and Technology
Development Company, Ltd. With the sys-
tem in place, we will be capable of very good
energy-savings analysis. The supervisory sys-
tem should give us a very good picture of
the level of energy consumption before and
after retrofitting.

I would now like to present you with a case
study. We have already begun taking itemized
energy conservation measurements in the
building of the Wuhan Municipal Supervision
Bureau. Meanwhile we have set up the Wu-
han Municipal Urban Window—our super-
visory platform. The significance of this is clear
to all. As I have just mentioned, there are four
main targets to be met. The first is to set up a
supervisory system for monitoring fluctua-
tions in energy consumption of the Super-
vision Bureau. The second is to establish a



issue — that of a large horse being used to pull
a tiny cart ,[ 7 ] and help to reduce the overall
operational energy burden. We think that
there are two problems with our central-
ized air-conditioning system that must be
resolved. You have just been presented with
the main functions of the supervisory system
as well as how the policy-making , manage-
ment and operational levels might go about
enforcing operational management. 

First, we collected data from itemized measure-
ments in the Supervis ion Bureau.  There
were many data collection points within the
building. Once this was finished, the data was
sent to us. As you can see, we collected a
huge amount of data on energy consumption
from August 2008 until April of this year,
which we used to draw a prognostic chart.
From this you can see that on each floor of
the building was a work unit, and on each
floor we carried out itemized measurements.
The head of the construction committee for
each floor has now acquired the good habit
of looking to see whether or not the energy
consumption for their floor has gone up or
gone down when they enter the building. I
will not go into the details of this any further

for the time being. There is a very clear inter-
face showing how much electricity has been
used for general purposes such as lighting ,
and how much for high voltage consumption.
This is the state of electricity consumption on
April 2 in the Supervision Bureau building.
Each hour of energy use is labeled. Everyone
can see that it was actually during midday
that the highest electricity consumption was
recorded. This is some of the equipment that
is used to take itemized measurements, includ-
ing data transfer equipment. Meanwhile, we
have also established a public information
board. For the first, second, third, fourth, fifth
floors, etc., each floor is shown with its corre-
sponding energy consumption per m2. This is
available for everyone to look at. Even the
energy consumption for the first floor is quite
high. And look here, this is the energy con-
sumption per person. We have compiled stat-
istics on the basis of area and per person. This
is the total energy use. In actual fact it is
the seventh floor that shows the highest
energy consumption. If any of our experts
here today are interested, I invite you all to
visit our regulatory building to see how our
supervisory platform really operates.
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[7 ] Translator's note: a Chinese expression implying that more energy is being used than necessary to power something.
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Part 4.
Toward the Definition

of a Financial
Mechanism Meeting
Existing Institutional

Constraints





This report covers four parts: first, the overall
benefits of the energy efficiency retrofitting
of existing buildings; second, the interested
parties involved in energy efficiency retrofits;
third, analyses of the motivation and obstacles
facing these interested parties; and fourth,
some conclusions and policy suggestions put
forward in this research.

4.1.1. Overall Benefits of the Energy 
Efficiency Retrofitting of Existing 
Buildings

The economic benefits of energy efficiency
retrofitting of existing buildings come from
the reduction of energy consumption after
renovation. The users of the buildings will see
the largest benefits. “Social benefits” refers to
the improvement of air quality by reducing
energy consumption, a benefit shared by all
members of society. “National security” refers
to lowering the nation’s dependency on
energy by lowering energy consumption,
which is increasingly important against the
backdrop of China’s necessary rising energy
imports and expanding strategic energy
reserves. This will  benefit the government
and the people. “Ecological benefits” refers
to the protection and improvement of the

ecological system by reducing energy con-
sumption, and this benefit is shared by all
members of society and generations to come.
Apart from economic benefits, all other
benefits cannot be quantitatively measured.

Investment in energy efficiency retrofitting of
existing buildings has the potential to gene-
rate enormous benefits that will exceed the
costs. Society as a whole should be motivated
to be part of the undertaking. Nevertheless,
as the benefits are not simply economic, and
the cost of renovation falls on certain econo-
mic entities while the benefits are shared by
society as a whole, this energy efficiency
retrofitting is essentially work that needs
government interference in the event of
market malfunctions.

4.1.2. Interested Parties in Energy 
Efficiency Retrofitting 
of Existing Buildings

There are various interested parties invol-
ved. At least 10 main actors can be identified,
namely, the central government, local govern-
ments, government functional departments,
property owners,  property management
companies, energy service companies, sup-

4.1. Interested Parties’ Interests 
and Obstacles in the Energy

Efficiency Retrofitting 
of Existing Buildings

Dr. Wang Bing, Professor, College of Public Administration, 
Huazhong University of Science and Technology
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saving renovation for existing buildings. In
fact, energy savings and environmental pro-
tection are among its top priorities.

Local Governments

The situation is more complex with local
governments than with the Central Govern-
ment, as goals are much more complex, par-
ticularly with regard to the conflict between
pressing local economic growth and environ-
mental protection, which in turn is magnified
by the office terms and work evaluation sys-
tems currently in effect. Compared to the
Central Government, local governments have
limited public funds where priorities must be
set. They are more inclined to target projects
with smaller investments, swifter results, and
more noticeable short-term benefits. Most
energy-saving renovation projects for exist-
ing buildings do not fall into this category.
As a result, local governments’ motivation
comes mainly from pressure from the Central
Government.

Government Departments

Energy-saving renovation involves many go-
vernment departments, at both national and
local levels. For example, at the State level
there are the Ministry of Construction, the
State Development and Reform Commission,
the Ministry of Finance, the State Bureau of
Environmental Protection, and the State
Science and Technology Commissions. At the
local level, there are the Department of
Construction, the local Development and
Reform Commission, and the Department of
Finance, with more complex divisions within
these bodies.

For example, in an instance where the office
building of the municipal Party committee
needs renovation, the relevant Party commit-
tee leader must make a demand to be discus-

pliers of energy-saving products, research
institutes, financial intermediaries, and energy
supply companies. In addition, many parties
might be indirectly involved, such as foreign
governments and institutions.

4.1.3. Analyses of Motivation 
and Obstacles

The following focuses on the motivation and
obstacles facing the 10 interested parties in
the energy efficiency retrofitting of existing
buildings.

The Central Government

The Central Government represents the
interests of all  members of society. Global
warming is becoming a critical, urgent crisis,
and as a major player in the international
community, China should assume its respon-
sibil ity. In China, with its rapid economic
growth, environmental issues and ecological
imbalance are constant issues. Thus, energy
saving and environmental protection are
essential to sustainable social and economic
development,  and essential  to national
security concerns. There are many ways of
saving energy and protecting the environ-
ment, one important component of which
includes demand-side management, where
building energy retrofits play a significant
part. One popular notion argues that energy
savings and environmental protection will
undermine economic growth, but this is
erroneous. The theory ignores the benefits
that cannot be measured in terms of curren-
cy, while energy savings and environmental
protection can create green job opportunities
and lead to more comprehensive economic
growth, such as a so-called low-carbon econ-
omy and output by energy service companies.

From this perspective, the Central Govern-
ment should be motivated to push energy-



155October 2010 / Implementing Large-Scale Energy Efficiency Programs in Existing Buildings in China /©AFD [ ]

of property rights, China differs from other
countries in that there are many apartment
buildings with collective ownership, which
raises difficulties for renovation. Energy bill
payment varies greatly. For government build-
ings, some have full financial budgets, some
partial, and some manage revenue and
expenditure themselves. Motivation and
financing schemes obviously differ to a large
extent for different types of buildings.

From a property owner’s perspective, the
owner will first be motivated by profit, that
is, a reduction in energy costs, secondly by
energy-saving renovation during the retrofit-
ting period, and thirdly, by administrative
pressure.

Owners of different types of buildings will
inevitably have different levels of motivation.
The typical obstacle is the large initial invest-
ment and long recovery period, with a
conflict between short-term and long-term
interests.

The levels of motivation for building energy
retrofits can be described as such: commer-
cial buildings have the strongest, followed
by self-run entit ies such as hospitals and
schools, then residential buildings (agree-
ment is difficult to obtain when they are
collectively owned). Fully-funded buildings
managed directly by the government come
last as this renovation can only be done by
pushing through administrative measures.
Thus, energy-saving renovation for existing
buildings should target mainly the first two
types of buildings.

Property Management Companies

Property management companies are emerg-
ing along with the development of China’s
real estate markets. They manage the collect-

sed by the municipal government and at
Party committee meetings. If it needs Wuhan
budgetary funds, it has to be submitted to the
municipal people’s congress for examination
and approval, after which the funds can be
allocated by the municipal Bureau of Finance.
If it needs State budgetary funds, an applic-
ation has to go through the provincial
Development and Reform Commission to
the Division of Investment under the State
Development and Reform Commission, after
which the funds can be allocated by the
Ministry of Finance. If State budgetary funds
are not needed and capital is provided by
energy service companies and banks, with
funds saved from the reduction of energy
expenditure, payment for the energy service
companies must also be authorized by rele-
vant State organs under the current fiscal
system.

This process involves many government
organs that have very different objectives.
Some might give strong support while others
might not, and coordination between them is
difficult. To some government departments,
energy efficiency retrofitting of existing build-
ings is still handled on a case-by-case basis,
without fixed regulations. To effectively coor-
dinate the various departments,  a high-
profile, long-standing “leadership committee
on energy-saving overall management” should
be set up. 

Property Owners

Property owners are the most important
interested group. The types of existing build-
ings are complex. They can be roughly divi-
ded into public buildings and residential build-
ings. Property rights are also complex, but
they can be roughly divided into single or col-
lective ownership of a building unit. In terms
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special treatment of tax deduction or exemp-
tion, and promotion and advertising demands
large amounts of capital.

Suppliers of Energy-Saving Products

Suppliers of energy-saving products are up-
stream enterprises in the energy service indus-
try, and are also strongly motivated for build-
ing energy retrofitting as they need to sell
their products and services. But there are
obstacles. This type of product costs more
than ordinary products, which means more
initial outlay from consumers. Meanwhile, in
China’s flawed bidding system, purchasing
costs  are cons idered when inv it ing b ids
without considering future reduced energy
consumption by using energy-saving pro-
ducts. A case in point is the Broad Air Con-
ditioning Co. Ltd., which complains it is in a
worse position in government purchasing ,
even though its products are more energy-
saving. There are also loopholes in China’s
system of energy-saving product labeling. This
is affected by the general social credit system
and cultural mindset, as consumers lack con-
fidence in energy-saving products. Even given
reliable statistics on the investment recovery
period of energy-saving products, statistics
are not trusted.

Research Institutes

Research institutes include colleges and insti-
tutes that conduct research in fields such as
the environment, ecology and energy. They
engage in basic research or applied research,
the application of research findings, and policy
consultation.

They are reasonably motivated for energy
efficiency retrofits, but the channels between
academic fields, industry, and government
are not fully open. Theoretical research and in-
dustrial application are not on the same page.

ive property rights of residential communities
and some privately owned public buildings.
They provide services in security, landscap-
ing , cleaning , as well as invoicing for water
and electricity costs. They can communicate
fully with property owners, and participate in
energy management contracting.

One such case is the Shanghai Children’s
Hospital, which has engaged a property mana-
gement company for its energy management
service that is responsible for managing water
and electricity and sharing the profits of any
energy consumption reduction.

Property management companies should be
reasonably motivated for the energy-saving
renovation of existing buildings, but as new
market entities, without mutual trust and
cooperation with property owners, they will
have difficulty actively participating.

Energy Service Companies

Energy service companies are also emerging
enterprises, providing energy management
services with a view to helping customers cut
energy bills and share the benefits of reducing
energy consumption. They represent new
economic growth points, are capable of
generating profit,  tax revenues and job
opportunities, and are fully encouraged by
the government to develop. The higher the
energy waste, the more potential they have
to survive.

Of all the interested parties, energy service
companies are the most strongly motivated
to carry out building energy retrofits. In fact, a
number of energy-saving renovation projects
for existing buildings are currently operated
by this type of company. Nevertheless, there
are obstacles to their development. Being in
their infancy, they do not receive the State’s
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From the above analyses, the levels of motiva-
tion for the energy efficiency retrofitting of
existing buildings can be described as follows:
energy service companies and suppliers of
energy-saving products have the strongest
motivation, followed by the central govern-
ment, financial institutions and owners of
commercial buildings, and then local govern-
ments, research institutes and property man-
agement companies. Energy supply compa-
nies and owners of fully-funded government-
run properties have the weakest motivation.

Meanwhile, the levels of capability to renov-
ate existing buildings to save energy must be
determined: in other words, who is capable of
playing a role when some have the motivation
but lack capability? From the strongest to
the weakest, the Central Government, local
governments, research institutes, financial
institutions, owners of commercial buildings,
owners of fully-funded government-run pro-
perties, energy service companies, suppliers
of energy-saving products, property manage-
ment companies, and finally energy supply
companies.

4.1.4. Conclusions and Suggestions

Energy efficiency retrofitting of existing build-
ings involves a complex market with various
participating interested parties. Although
there are enormous overall benefits, these
are not distributed evenly across the parties.
Thus, motivation and capability for retro-
fitting differs greatly. The overall benefits can-
not be realized when there is a lack of public
policies or poor implementation.

Our suggestions are to: first, target those with
high-energy consumption and promote select-
ively with administrative measures; second,
establish long standing and high-level “leader-

Financial Institutions

As providers of funds and risk takers, financial
institutions play an important part in building
energy retrofits. These include domestic
commercial banks, non-commercial banks,
risk investment companies, and international
loan institutions. They are mostly profit-driven,
but also participate in some non-profit projects.

They are reasonably motivated for the energy
efficiency retrofitting of existing buildings.
The obstacle is risk evaluation to ensure gains,
or at least a balance of profit and loss. But the
obstacle is easily overcome, as market compe-
tition and banking expertise will drive these
institutions to evaluate risks accurately.

Energy Supply Companies

For Wuhan, electricity consumption accounts
for 60 percent of the total energy consump-
tion of buildings, thus as far as energy savings
from existing buildings is concerned, energy
supply companies refer to power companies.
Their motivation in energy-saving renovation
is complex. On the one hand, they expect users
to increase electricity consumption to make
more profits. On the other hand, as the differ-
ence between peak and off-peak demands
on the power network tends to widen at
home and abroad, from a perspective of up-
grading power grids and installing new power
stations, power companies are motivated by
the renovation of existing buildings.

China lags behind in electric power system
reform. After 2006, there was a new round of
investment in the energy-saving field. Many
new companies wanted to carve up this mar-
ket and yet the five major power companies
remain motivated to expand and invest. But
in building energy retrofits, energy supply
companies will not be able to exert direct
influence.



ship committees on energy-saving overall
management”; third, categorize thoroughly,
identify key targets, and formulate corres-
ponding financing schemes; and fourth, end-

eavor to raise people’s awareness of the
cost-return effects of completed renovation
projects, and generate stronger motivation
for the benefits among society as a whole.
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At the beginning of this century, the Chinese
government outlined a vision for the country
with a scientific development outlook. Saving
energy and reducing emissions were defined
as the primary national strategy. The target is
to reduce energy consumption by 20 percent
per GDP, and major pollutant emissions by
10 percent. Some achievements have already
been made. 

To advance our energy-saving and emissions
reduction, we need to create new mechanisms
and overcome financing difficulties. Saving
energy and reducing emissions are para-
mount for “increasing domestic demand,
maintaining economic growth and adjusting
economic structure”. Meanwhile, we need to
strive to achieve the energy-saving targets set
out in the 11th Five-Year Plan. 

4.2.1. The Pattern and Demonstration 
of the EPC Mechanism

Energy Performance Contracting (EPC) is an
investment and management model that
allows us to divert funds that would be spent
on energy bills into investment in energy-
saving projects. Energy Service Companies
(ESCOs) sign contracts with customers and
agree on energy-saving targets and business
operation models for energy efficiency pro-
jects. EPC is an innovative financing technique
that uses cost savings from reduced energy
consumption to repay the cost of installing
energy-conservation measures. 

An Energy Service Company is a specialized
company that uses the EPC mechanism to
implement energy efficiency projects, with
profits as their direct motive. (The most com-
mon acronym is ESCO although in China they
are referred to as EMCOs). 
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China, and the acceptance and popularization
of the EPC mechanism. It transpired that
ESCOs have a big market and a bright future
in China. 

4.2.2. Principles, Streamlining 
and Potential of ESCOs

Principles 

1. In line with the EPC mechanism, ESCOs sign
EPC contracts with customers, implement
energy efficiency projects for them, and
guarantee energy-efficient performance as
well as energy-saving benefits;

2. In terms of accountability, ESCOs implement
energy efficiency projects in accordance
with the contracts and cooperate with
customers to obtain a win-win outcome;

3. ESCOs should enhance their own capaci-
ties, establish a one-stop service, and evolve
from operating simple energy efficiency
projects into running comprehensive and
integrated energy efficiency projects.

Streamlining

1) Energy audit/energy conservation 
diagnosis;

2) Feasibility study reports and energy 
efficiency retrofit project design;

3) Negotiating and signing EPC contracts;

4) Procurement of raw materials 
and equipment;

5) Construction;

6)Operation and maintenance;

7) M&V and energy efficiency 
performance guarantee;

8) Share energy-saving profits between
ESCOs and their customers.

The three basic types of EPC contracts are:

• Share savings contract. ESCOs share energy-
saving profits with customer enterprises
according to their contract;

•Guaranteed savings contract. Both ESCOs
and host enterprises can invest in the
projects. The host enterprises are the main
investors. The ESCOs guarantee energy
efficiency performance and promise a
certain percentage of energy savings;

•Outsourcing contract. The host enterprises
commission the ESCOs to conduct opera-
tional management and retrofitting in an
energy system, and pay trusteeship fees to
the ESCOs according to their contracts. The
ESCOs are responsible for the management
of the operation and maintenance of the
whole energy system.

The China Energy Conservation Promotion
Project, officially launched in 1998 and sup-
ported by the World Bank and the Global
Environment Facility (GEF), is a key internatio-
nal cooperation project between the Chinese
government, the World Bank and the GEF in
energy efficiency fields. 

In the first phase of the project, three Pilot
ESCOs were established in Beijing , Liaoning
and Shandong. By the end of June 2006,
these three pilot ESCOs had applied the EPC
mechanism and in total implemented 475
energy efficiency projects for 405 customers.
The total investment was RMB1.331 billion,
the net income was RMB420 million, and cus-
tomers’ profits were 8-10 times those of the
ESCOs. 

The main achievements of the pilot project in
the first phase involved the introduction and
dissemination of the EPC concept, successful
experience of implementing EPC projects in
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4.2.3. The Practical Experience 
of ESCOs in the Energy 
Efficiency Building Sector

Energy efficiency in buildings is still low 
and there is a big potential to save energy 
in China. 

In the urban area of Northern China, annual
energy consumption in heating is 130 million
tce, or 14-25 kg of standard coal per m2. This
is 2-3 times that of developed countries.

China has the arduous task 
of saving energy in buildings. 

In the 11th Five-Year Plan, a target of saving
100 million tce in energy efficiency building
projects was set out, and is one of the Ten
Key Energy Conservation Projects.

In 2008, 150 million m2 of heating measure-
ment and energy efficiency retro-fitting was
planned to be completed by 2010. However,
in 2008, only 40 million m2 had been retro-
fitted, so the task ahead will prove difficult.

In the second phase of the China Energy
Conservation Promotion Projects, more and
more ESCOs implemented energy efficiency
projects in construction. According to 2008
data, there were 505 EPC ESCO projects, with
a total investment of RMB3.26 bil l ion. Of
those EPC items, 224 projects were about
energy efficiency in construction, accounting
for 44.4 percent, with RMB84.4 million of
investment, about 25.9 percent of the total. 

Energy efficiency in construction includes
designing and building new buildings accord-
ing to energy efficiency building standards,
and retrofitting existing buildings. To promote
energy efficiency in construction, the follow-
ing points should be focused on:

Potential

The ESCO Committee of the China Energy
Conservation Association (EMCA) was foun-
ded in Apri l  2004, and its members had
increased from 59 to 317 by the end of 2008.
Of these, 246 were ESCOs that had implem-
ented EPC projects .  In 2008,  there were
65,000 employees working for ESCOs.
According to incomplete statistics from 2008,
221 EMCA members implemented 505
EPC projects ,  with a total  investment of
RMB 8.59 billion. The annual energy-saving
capacity reached 5.8435 million tce, and the
annual CO2 emission reduction amounted
to 4.1578 million tC. 

• Since energy efficiency is still low in China,
there is potential for saving energy;

• From the perspective of energy consump-
tion per unit of output value, the energy
consumption per RMB10,000 of China’s
GDP was 1.06 tce in 2007, twice that of the
USA, 4 times the EU’s, and 8 times Japan’s;

• From the perspective of energy-utilization
efficiency, China’s is 10 percent lower than
the international advanced level;

• From the perspective of energy consump-
tion per unit of product, consumption per
unit of 8 major high-consuming products
was on average 40 percent higher than the
international advanced level.

The enormous energy efficiency market is
the foundation for China’s development of
ESCOs. Chinese people need a deeper under-
standing of the EPC mechanism and govern-
ments at all levels need to provide more
support for its implementation and for the
development of ESCOs. China’s ESCO indus-
try is taking shape and growing rapidly. A
great number of well-developed ESCOs will
be the backbone of China’s ESCO industry in
the future.
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Energy consumption in public organizations is
comparatively high — the rate of consumption
is rapidly growing while energy utilization effi-
ciency remains low. Government agencies
should play the leading role in energy conser-
vation and set a good example for society by
improving energy efficiency performance in
their buildings.

Retrofitting existing buildings to improve
energy efficiency includes the building envel-
ope, heating system, cooling system, light-
ing equipment, and hot water supply faci-
lity. It means that these programs require
joint efforts from ESCOs as well as govern-
ments, energy consumption enterprises,
and individuals. 

The central and local governments should
promulgate policies and regulations related to
financial subsidies and technical support in
this area. The government will not only aug-
ment official investment, but also integrate its
financial support with social investment and
include more funds from society and indivi-
duals. The problem of auditing energy-saving
practices will also have to be solved as soon as
possible, and by doing so, energy consump-
tion enterprises will be mobilized to support
energy saving.

Third, ESCOs not only need to carry out energy
efficiency projects, but must also continuously
innovate their business models. ESCOs are
expected to handle comprehensive energy
efficiency building retrofitting projects and pro-
vide integrated energy efficiency retrofitting
solutions.

Most energy efficiency building retrofitting
projects managed by ESCOs now use the
EPC Shared Savings model, with only a small
number using outsourcing. Other models
should be further explored, such as financing
leasing models.

First, the published energy efficiency build-
ing standards, policies and measures should
be strictly implemented, governments at all
levels should keep revising incentive policies
and measures (including an energy efficiency
building management system), and offer
more support for energy efficiency in build-
ing sectors.

According to Article 22 of the revised Chi-
nese Energy Conservation Law, the State en-
courages the development of energy-saving
service organizations and supports ESCOs to
provide services including energy-saving con-
sultation, design, evaluation, measurement,
audit and certification; carry out energy effi-
ciency knowledge dissemination and tech-
nology training; disseminate energy efficiency
information; and offer demonstrations and
other public welfare services. With the en-
forcement of the Energy Conservation Law, the
ESCO industry will develop rapidly in China.

The “Ordinance of Civil Building Energy Saving
and the Ordinance of Public Organization
Energy Saving” promulgated by the State
Council on October 1, 2008, should be strict-
ly implemented. In the Ordinance, Article 26 in
Chapter 4 “Energy-Saving Measures” stipulates
that public organizations may use the EPC
mechanism and commission energy-saving
service organizations to conduct energy-saving
diagnoses, design, financing, retrofitting, opera-
tion, and management. These legal documents
have created favorable conditions for ESCOs and
contributed considerably to the implementa-
tion of energy efficiency in the building sector.

Second, public organizations should take
the leading role in energy conservation.
Governments, energy consumption enter-
prises, ESCOs, and financial institutions, etc.
should work together to push forward energy
efficiency in the building sector.
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In the second phase, the ESCO Commercial
Loan Guarantee Program was established.
This program was granted US$22 million by
the GEF. A special guarantee risk fund was
established to exercise the insurance func-
tion through the China investment insurance
company I&G, which provides credit guaran-
tees for ESCOs to implement EPC projects in
line with the contracts signed with commer-
cial banks for the loans. More opportunities
will be created for ESCOs to obtain loans
from commercial banks.

By the end of 2008, I&G had established
cooperative relations with more than 10
banks, including Beijing Bank. Over the past
five years, I&G has guaranteed 127 energy
conservation projects for 41 ESCOs. The total
loan principal has been RMB501 mill ion;
insurance volume has amounted to about
RMB454 million; and total investment has
reached RMB790 million, which is about 7
times the reserve fund of US$16.5 million (at
RMB6.84 = US$1). These energy efficiency
projects saved 439,000 tce and reduced
CO2 emissions by 283,000 tons a year.

Banks are increasing loans for energy-saving
programs. More and more commercial
banks are entering energy efficiency fields.

• IFC and some commercial banks in China,
including the Industrial Bank, signed the
Energy Efficiency Loan Agreement, and by
the end of 2008, IFC partner banks had
accepted more than 200 projects and
approved 97, with a total loan amount of
more than RMB3.3 billion;

• The World Bank has initiated its energy-
saving on-lending loan businesses in the
Huaxia Bank and the Export and Import
Bank, each of which is responsible for onlend-
ing US$100 mil l ion and its own dispos-
able loans of US$100 mill ion for projects

The energy efficiency building retrofitting
projects in China are mostly programs in
which only one single type of technology or
energy-efficient product is used, such as
lighting , central air-conditioning , various fre-
quency speed motors, ice storage, water stor-
age, geothermal heat pumps, or automation.
Only a few projects integrate multi-energy
efficiency technology in their construction.
Judging from some ESCOs’ experiences, inte-
grated energy efficiency building projects are
more profitable and therefore would attract
a higher percentage of customers. 

4.2.4. Broadening Energy Efficiency 
Financing Channels

The first phase of the China Energy Conser-
vation Promotion Project, funded by World
Bank loans and GEF grants, was launched in
1998 to implement EPC projects. In the sec-
ond phase, the ESCO Commercial Loan
Guarantee Program was set up to assist ESCOs
in obtaining loans from commercial banks and
carrying out EPC projects.

This new market-based EPC mechanism was
introduced by developed countries. In the
pilot project and promotion stage, capital
from international financial institutions was
used, and a special loan made to guarantee
funds for ESCOs. Meanwhile, more energy-
saving credits came from domestic commer-
cial banks and enterprises’ self-financing. 

The three pilot ESCOs established in the first
phase mainly made use of a World Bank loan
(IBRD US$63 million) and implemented energy
efficiency technology to retrofit in terms of the
EPC Shared Savings model. They have achie-
ved great success and their experience shows
that this new EPC energy-saving mechanism
is feasible in China and should be further
promoted and applied.
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• RMB4,000 bi l l ion,  of which RMB1,180
billion comes from the central government,
is for the Livelihood Project. The project
involves energy savings and environmental
protection. The budget for energy saving ,
emission reduction and ecological projects
is about RMB210 billion, and the budget
for structure adjustment and technology
updating amounts to RMB370 billion. 

International financial institutions 
are increasing their input in energy
conservation, and more and more 
international funds are entering 
the Chinese energy efficiency field.

• In addition to the World Bank and IFC, ADB
aided the energy efficiency Power Plant
project in China and recently announced
another Energy Efficiency Financing Program
in China. Under this program, ADB wil l
invest RMB800 mil l ion as a loss-sharing
mechanism to support the energy-efficient
performance of tall buildings in China;

• AFD provided China with €60 million as
Intermediate Credit in the form of a sover-
eign loan. This program has officially entered
the implementation phase. AFD has com-
pleted on-lending loans of €20 million to
three commercial banks: the Huaxia Bank,
Pudong Development Bank, and Merchant
Bank.

Other energy efficiency financing channels
and ways include:

Some ESCOs are small and medium enter-
prises. They seek cooperation with domestic
large-scale consortia to realize equity fin-
ancing through corporate restructuring , or
attempt to acquire financial support from
their parent companies by direct financing
or guaranteed financing:

•Using venture capital or equity 
financing for ESCOs;

in energy saving and emission reduction.
These loans are used to fund energy effi-
ciency projects implemented by ESCOs,
and the development of China’s ESCO
industry;

• Huaxia Bank signed a strategic partnership
agreement with the China Energy Conser-
vation Investment Corporation. It will pro-
vide a RMB5 billion intention agreement to
strengthen cooperation on financial pro-
ducts in energy saving and environmental
protection, such as green credit;

• Some domestic banks have started to use
factoring financing for EPC projects by sel-
ling the accounts receivable of EPC projects
to commercial banks. In this manner, ESCOs
turn “future money” into “today’s money”.
In addition, domestic banks have already
granted green credit, and more and more
banks are entering the energy efficiency field
by increasing their loans in this industry.

The Chinese government is increasing 
funding for the energy efficiency industry,
and attracting more social investors 
to the energy efficiency field.

• In 2008, the Central Government invested
RMB42.3 billion to support the Ten Key
Energy Conservation Projects and environ-
mental protection facilities;

• In order to cope with the international
financial crisis, the Chinese government im-
plemented a significant strategy, namely,
“expanding domestic demand, maintaining
economic growth and adjusting economic
structure”. The central government also
mapped out a revitalization plan for ten key
industries, and added RMB100 billion to the
investment in the fourth quarter of last
year. Of the increased financial input,
RMB12 billion was for energy saving , emis-
sion reduction and ecological projects;
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In addition to advancing the implementation
of individual energy efficiency projects, pro-
moting the implementation of comprehen-
sive energy efficiency retrofitting projects
and integrated energy efficiency retrofitting
solutions should be emphasized, especially
in construction. It is also paramount to push
forward energy saving in public organizations
and encourage ESCOs to carry out more
energy efficiency building projects.

More focus should be put on the measure-
ment and verification of energy savings or
energy-efficient performance.

It is essential to scientifical ly measure and
verify energy saving or energy eff ic iency
performance, especially in comprehensive
energy efficiency retrofitting projects and
integrated energy efficiency solutions. The
government is expected to assist the growth
of some qualified organizations or companies
as the third parties to carry out measurements.
The IPMVP from other countries should be
learned, and in line with Chinese conditions,
a methodology developed that is applicable
and practical in China for measuring energy
savings or energy efficiency performance. The
goal is to determine a set of parameters that
are measurable, assessable and reportable.

International exchange and cooperation will
be strengthened. The revised Energy Conser-
vation Law maintains that the State should
encourage the installation and utilization of
renewable energy, such as solar energy, in the
energy efficiency retrofitting of new as well
as old buildings. Solar energy and geothermal
energy, and so on, have already been integra-
ted into some projects.

• Cooperating with financing leasing 
companies;

•Using CDM and DSM funds, etc.; and

• Financing from the capital market 
through listing.

4.2.5. Conclusions

The market-based EPC mechanism is applic-
able in China and needs to be further pro-
moted and applied widely.

EPC is not only an operation pattern, but also
a means of investment for ESCOs. We should
consider Chinese circumstances, explore and
initiate new EPC models, continuously broa-
den the channels for energy efficiency finan-
cing, and promote close cooperation between
investors and ESCOs.

Many energy service companies in China
need more support from the government
because they are small and medium enter-
prises with weak competitive power. The
Guiding Suggestions on Accelerating the
Development of China’s ESCO Industry are
expected to go in force as soon as possible so
that governments at all levels are directed to
support ESCOs and implement more energy
efficiency projects in public and government
organizations.

It is still salient to mobilize social resources to
fund the energy efficiency industry, though
central and local governments are increasing
their financial support for energy conserva-
tion and emission reduction. Individuals, mar-
kets and non-government organizations are
all indispensable for energy service compa-
nies to attract more investment and gain more
financing channels.



International cooperation will be strength-
ened in China. The cooperation involves inte-
grating renewable energy with energy effi-
ciency buildings, setting parameters for renew-
able energy util ization in new buildings,
and using renewable energy technologies,
such as solar energy and geothermal heat
pumps, in updating the energy efficiency of
old buildings.

Developed countries have advanced tech-
nologies and experience in energy efficiency
building , whereas developing countries, such

as China, are catching up in this field. China is
in great need of management expertise and
experience concerning advanced and applica-
ble energy efficiency building technologies and
services. In the future, information exchange
in energy efficiency building will be enhanced
and more training programs offered to facili-
tate relevant organizations. More efforts will
be made to push energy saving and to pro-
vide sufficient support and training programs
in China’s rural areas, especially in the middle
and western regions.
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4.3.1. China Merchants Bank 
GoFortune Corporate 
Finance System

Introduction to China Merchants Bank

China Merchants Bank was founded on April
8, 1987. It was the first shareholding commer-
cial bank in China whose shareholders were
all corporate entities. Its headquarters are
based in Shenzhen. Since its inception, China
Merchants Bank has issued stock to raise capi-
tal four times. In March 2002, it succeeded
in issuing 1.5 billion normal shares, and was
the first domestic bank using international
accounting standards to be listed on the
Shanghai Stock Exchange (share number:
600036) on April 9 of the same year. The
bank's total financial assets ranked within the
top 100 in the UK-based The Banker maga-
zine's latest “Top 1000 Banks in the World”.

In just over twenty years, China Merchants
Bank has gone from being a small local bank
in the once remote area of Shekou in Shen-
zhen, to becoming a large, powerful nation-
wide commercial bank. Initially based in
Shenzhen, it has spread throughout China
and is now aiming toward institutional sys-
tems and business networks abroad. Branches
have been established in over 30 major cities
nationwide and Hong Kong, forming a net-
work of over 700 offices. There is a represent-

ative office in the USA and over 900 banks
have become representatives of the bank in
more than 70 countries worldwide. In recent
years the domestic and international media
have heaped praise on China Merchants Bank,
hailing it as “China's Best Local Commercial
Bank”, “China's Most Respected Company”, and
one of “China's 10 Best Listed Companies”.

China Merchants Bank is committed to a
developmental strategy that “promotes bank-
ing through science and technology” but is
firmly rooted in the demands of the market
and its clients. Through the huge advantage
that comes from using a bank-wide electronic
platform, a pioneering series of high-tech
financial products and services has been
developed, along with a stream of renowned
financial brands, which have contributed to
the public recognizing the bank as a leader in
technology. 

China Merchants Bank has adopted “We are
here just for you” as its operational principle,
improving all kinds of pioneering client
services for the domestic market. Through its
dedication to providing effective, convenient,
considerate, and people-friendly services to its
clients, a revolution in the domestic concept of
banking service has come about, bringing
banks and their clients closer together. 
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Retrofitting: a Bank’s Viewpoint
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Senior Vice President, Corporate Banking Department 

of China Merchants Bank in Shenzhen
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banking brand, GoFortune . It has since be-
come an influential and comprehensive brand
in the wholesale banking sector. In order to
adapt to changes in the external economic
environment and to the demands of a rapidly
innovating internal business, as well as new
development models and switching strategies
of wholesale banking , China Merchants Bank
have remodeled their GoFortune brand with
the client at its center. An entire restructuring
of all brands, products and commercial behav-
ior for wholesale banking has been under way
in order to recreate a representative brand
for China Merchants Bank's comprehensive
wholesale banking services:  GoFortune
Corporate Finance.

China Merchants Bank's GoFortune corpo-
rate finance service is guided by clients'
demands, and through innovative products
and services, provides companies with special-
ized, made-to-measure innovative solutions,
increasing clients' wealth. By using modern
financial know-how, instruments, and technol-
ogy, it grows with client companies, helping
them become model corporate citizens.

Wisdom Creates Value

“The highest excellence is like that of water”;
“A true gentleman only gains his wealth in the
right ways”.

– extracts from Laozi's Tao Te Ching

“Wisdom Creates Value” is the principle of
harmonious financial services advocated by
China Merchants Bank's GoFortune brand.
The “wisdom” in one sense signifies the bank's
and a company's reasonable and positive use
of finances in order to create a harmonious
financial mode of operation; in another, it
signifies choosing together the correct means
for advancing harmoniously toward becoming
qualified business citizens.

On the back of sustained and rapid growth,
China Merchants Bank upholds the strategic
guiding principle of “effective, quality and
scaled coordinated development”. It strives
to create a management culture based on
risk and standardized business management
that is universally recognized by regulatory
institutions both at home and abroad. Rela-
tive to the domestic banking sector, China
Merchants Bank was very early in practicing
assets-l iabil ities ratio management, loan
origination and approval separation, a five-tier
loan system, and establishing a good internal
auditing system. Meanwhile, the bank has
encouraged quality checks on savings and
accountancy across the board, and became
the first Chinese commercial bank to be
awarded the ISO 9001 quality management
system certification from BSI Pacific Ltd. and
CCS Certification. China Merchants Bank has
among the highest quality of assets of any
domestic bank in China, which are constantly
being improved thanks to its concern for
risk-prevention.

Faced with the opportunities and challenges
brought about by economic and financial
globalization, China Merchants Bank aims to
“become blue-chip stock and found a long-
standing merchants bank”. Innovative reforms
will expedite adjustments in business strategy
and the internationalization of management,
strengthening our competitiveness, and with
hard work China Merchants Bank will be estab-
lished as a well-known, modern commercial
bank of outstanding repute. Ultimately, this
will maximize the long-term interests of share-
holders, clients and employees. 

China Merchants Bank 
GoFortune  I Corporate Finance System

In 2003, China Merchants Bank became the
first bank in China to promote the corporate
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As China Merchants Bank grows, the speciali-
zed services it offers will extend beyond the
list of 12 lines of innovative products and ser-
vices mentioned above. As trading partners,
growth consultants, experts in acquisitions,
and financial consultants, China Merchants
Bank’s 700 offices and 3,000 client managers
and product management teams keep a
constant watch on the needs and experiences
of their clients in the hope of collectively
creating a harmonious financial environment
and helping “wisdom create value”. 

4.3.2. China Merchants Bank’s Green 
Finance Service

The Important Practical Significance 
of Commercial Banks Implementing Green
Finance Strategies

“Green Finance”, as it is known, refers to the
restructuring of the financial industry from
an environmental perspective, including its
operational principles, management policies,
work procedures, credit structure, and prod-
uct innovation. Optimizing the allocation of
economic resources can further the sustain-
able growth of the social economy. Implem-
enting a green finance strategy is a response
to the objective demands on commercial
banks faced with a deteriorating global envi-
ronment and need for sustainable develop-
ment. It is also a subjective requirement of
commercial banks to perform self-regulated
social responsibility. 

To start with, implementing green finance
strategies is a necessary direction for the
development of the modern financial sector
to take. The Kyoto Protocol,  signed in
December 1997, stipulated that all signatory
nations must establish and operate “carbon
trade” and “carbon funds” between 2008
and 2012 in order to meet targets in the

“Wisdom Creates Value” suggests that com-
panies should make full use of modern finan-
cial services to solve the many financial diffi-
culties faced in development, as well as to
realize their growth targets and optimize
their value. It also suggests that banks should
make full use of financial innovation to pro-
vide expert knowledge and financial services
for enterprise development, and to encour-
age the harmonious progress of society.
This embodies the vision China Merchants
Bank has of forging a new form of relationship
with companies. China Merchants Bank looks
on social responsibility as its starting block,
advocating the establishment of a harmo-
nious financial environment where wisdom
creates value for an advancing society.  

What GoFortune Means 

Modern enterprises not only have the need
for traditional commercial banking services,
they also require individualized, integrated
financial service solutions that are capable
of embedding themselves in the heart of com-
pany operations. China Merchants Bank's
GoFortune system is founded on having a
sound understanding of the needs that cor-
porate clients have of banks. It is aimed at prov-
iding for clients' needs in 6 areas: settlement
services, cash management, loan financing ,
international operations, asset management
and investment banking. It searches for the
right way to grow through wise use of finances
with the client, dedicating itself to refining
products and integrating financial solutions
for clients on 12 product lines: on-line enter-
prise banking , cash management, corporate
financing , SME financing , trade financing ,
international settlements, overseas opera-
tions, intra-sectoral finances, asset trusts,
enterprise annuities, corporate financial man-
agement, and investment banking.  



reduction of greenhouse gas emissions. In
June 2003, 10 major global banks from 7 coun-
tries announced that they would implement
the “equatorial principle”, managing social
and environmental issues related to project
financing accordingly. Innovation in green
finance products has flourished with the
popularization of its principles. Its conces-
sional prices and environmental tag have
been the primary factors that have attracted
customers.  At present, green finance is grad-
ually embedding itself in every aspect of
banking and financial institutions, whether in
terms of management principles, develop-
mental  strategies or product innovation,
making it a current trend of the modern
financial industry. 

Secondly, implementing green finance strat-
egies is a pressing demand in constructing a
harmonious society. Constructing a harmon-
ious society has become a fundamental
developmental strategy of China. Accommod-
ating the harmonious co-existence of man
and nature is an important part of this. At the
hub of socio-economic activity, commercial
banks cannot shirk their responsibility to lead
socio-economic resource allocation, promote
ecological construction, and bring about the
harmonious co-existence of man and nature.
Chinese banks have for many years granted
numerous loans to energy-hungry and pollut-
ing industries, which has had a serious neg-
ative environmental impact. It does not suf-
fice to rely upon the public appeals of the
Ministry of the Environment or the policy
mechanisms of regulatory bodies to deal with
pollution and carry out environmental pro-
tection. Rather, it should fall to economic
levers, the restructuring of corporate finan-
ces, credit quotas, and guiding socio-econo-
mic resource allocation to bring about heal-

thy economic and social growth. It is in
exactly this respect that promoting and
developing green finance has become the
core content of China's commercial banking’s
practice of social responsibility. 

Thirdly, implementing green finance strat-
egies is beneficial to the healthy growth of
commercial banks themselves. The healthy
and sustainable development of commercial
banks is reliant upon a stable macro-environ-
ment, good client relations, effective risk
management, and the expansion of profit
growth points, all of which are equally related
to green finance strategies. To begin with, im-
plementing green finance strategies can help
change the “pollute first, treat later” model of
development. It encourages sustainable eco-
nomic and social development, providing a
good external environment for commercial
banking operations. With sustainable devel-
opment comes fundamental gains for all in-
dustries. Furthermore, implementing green
finance strategies helps raise a company's
profile and establish a company brand. As
public consciousness of the company rises,
its image in society becomes increasingly
scrutinized, turning into one of the deciding
factors of consumer choice. Additionally,
implementing green finance strategies helps
to improve a commercial bank's risk manage-
ment capacity.  As the country pays more and
more attention to environmental protection,
the environmental risk rate becomes increas-
ingly high. A great number of projects have
to be stalled or abandoned due to environ-
mental issues, meaning they have no way of
repaying their bank loans. Besides all of this,
changes in government industrial policy or
related environmental policy can transform
the developmental prospects or profit estim-
ates for different industries, thus changing the
credit risk structure of commercial banks.
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Practicing green finance and carrying out
environmental credit risk evaluations com-
plies with the needs of commercial banks for
steady business and risk control. Finally, by
strengthening support for green industries
through the innovation of new businesses
and products, a commercial bank's business
scope can be broadened, tapping into new
profit opportunities and ultimately driving
their own healthy and rapid growth.

China Merchants Bank’s Green Finance 
Implementation Measures

Green Credit

At the end of July 2007, China Merchants
Bank released the Guidelines on Strengthen-
ing Credit Risk Management of High Energy
Consuming and Highly Polluting Industries in
order to support sustainable social, economic
and environmental development. Using indus-
trial quota instruments, conditions of accept-
ance can be tightened, thus strengthening
the credit risk management of “Two Highs
and Resources” [ 1 ] industries. In one respect,
this involves China Merchants Bank control-
ling the total volume of credit granted to
high energy consuming and highly polluting
industries, by placing proportional quotas on
loans to parts of the electricity, steel, coal,
non-ferrous metals, cement, and chemicals
industries. In another, it involves refining
industrial credit policy, raising acceptance
standards, choosing only the best clients and
being cautious of granting new credit. For
example, granting new credit to thermal po-
wer companies is limited to units of at least
60 MW capacity; granting new credit to steel
companies is limited to companies with a pro-
duction volume of over 5 million tons, and

with relatively high iron ore percentages and
sheet metal ratios; support is given to the
12 nationwide cement enterprise groups and
48 regional cement companies that qualify
for key support from the State. In contrast,
support has been resolutely withdrawn from
companies with low levels of productivity,
high production costs, backward technology,
or that are highly polluting.

In order to speed up the restructuring of
industrial credit and to bring the business
strategy of China Merchants Bank closer in
line with the requirements of State industrial
and environmental policy, the bank carried
out in-depth research on “Two Highs” indus-
tries including those of coal, steel, non-ferrous
metals and electricity generation. Because
of the essential nature of these major indus-
tries to the national economy, China Mer-
chants Bank chose to strengthen acceptance
requirements, tighten lending conditions
and ensure that the debtor company's pro-
duction rate was high, its pollution level low,
and its overall benefit far greater than its cost
to society.

Meanwhile, China Merchants Bank has listed
the environmental industry in the rubric of
key support industries. Target clients for loans
include: (1) companies involved with urban
sewage treatment, rubbish incineration, and
waste-heat generation; (2) manufacturers of
equipment for air pollution prevention, wa-
ter pollution prevention, and solid waste
treatment, especially those with products
featuring in the Directory of Environmental
Protection Equipment (Products) Whose
Development is Currently Encouraged by
the State.
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[ 1 ] In France, the cost of thermal rehabilitation in buildings for the part of the building stock that corresponds to housing is 
estimated at some €600 billions.
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ing investment funds at home and abroad,
attracting shareholding investment funds
involved with energy conservation and emis-
sions reductions. Through cooperation with
both Chinese and foreign investment banks,
we will provide domestic and international
IPO services to energy conservation and
emissions reducing companies.

Inclusion in the United Nations Environmen-
tal Program Finance Initiative

On October 11, 2007, China Merchants Bank
held a symposium on green finance in Beijing ,
where their inclusion in the United Nations
Environmental Program Finance Initiative
(UNEP FI) was publicly announced. The main
aim of the UNEP FI is to promote and popular-
ize green finance, supervise and urge financial
institutions to practice sustainable finance,
and by becoming part of the organization,
encourage exchange and cooperation. 

By becoming a member of this organization,
China Merchants Bank has been able to per-
form self-regulation in accordance with inter-
national banking principles and conventions,
and strengthen its implementation of green
finance concepts. It has been able to learn
advanced principles of finance and gain
management experience from well-renow-
ned international banks. It has also received
technical assistance from international organiz-
ations aimed at improving standards in the
bank and expanding its international impact.
Looking into the incorporation of the risks
and opportunities brought about by environ-
mental, social and corporate management
into the development of financial risk preven-
tion and new forms of financial products has
also become possible. For example, the innov-
ation and development of financial derivative
products for energy efficiency projects and the
emissions reduction trade, or how to evaluate

By making companies or projects meet envi-
ronmental standards and undergo evaluations
in order to meet basic lending conditions,
China Merchants Bank is already leading and
encouraging its clients to have a better aware-
ness of their environmental and social
responsibilities to support sustainable socio-
economic development.   

Product Innovation

By developing innovative products in the field
of green finance based on traditional financial
products and services, our bank hopes to put
into practice the principles of green finance
and increase the promotional power of its
green finance services.  They include:

1) International Finance Corporation and
Foreign Government On-Lending:

Our bank has signed a Sino-French energy
efficiency project intermediary credit agree-
ment with the Chinese Ministry of Finance
and Agence Française de Développement. As
one of three beneficiary banks, our bank
stands to receive €20 million for on-lending
to dedicated investment in renewable energies
and energy efficiency projects in China.

2) Risk-Sharing Mechanisms:

Our bank is currently in negotiation with the
International Finance Corporation to set up,
in the near future, a risk-sharing mechanism in
the field of effective energy use. This is
designed to increase investment in renewable
energies and energy efficiency.

3) Cooperation with Shareholding Investment
Funds and Investment Banks:

Other than directly providing financing servi-
ces, our bank is also actively exploring models
for cooperation with shareholding invest-
ment funds and investment banks. We plan to
develop cooperation with private sharehold-
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nations. During the 11th 5-Year Plan, China plans
to enforce energy savings of 50% in resident-
ial and public buildings, amounting to poten-
tial energy savings of at least 50 million metric
tons of carbon equivalent (MMTCE).  

Energy use in lighting accounts for 13% of
national energy use, meaning huge potential
energy savings, estimated at 29 billion KWh
per year. Typical technological measures in-
clude: energy-saving fluorescent light replace-
ment of normal incandescent lights (1:2.6);
electronic ballast replacement of inductor
ballasts, with electricity savings of 20-30%;
use of LED lights, which last 5-10 times lon-
ger than normal light sources and are often
used in floodlighting of buildings and large
screens, etc. 

Potential Types of Clients and Projects

Potential types of clients and projects include
the energy efficiency retrofitting of buildings
and energy-using equipment, and the use of
new technology, new energies and renewable
energy sources. 

Of these, the energy efficiency retrofitting of
buildings primarily refers to the refurbish-
ment of building envelopes (including walls,
windows, flooring , and roofs); energy effi-
ciency retrofitting of energy-using equipment
refers to air-conditioning and water pumping
systems, heating systems, ventilation systems,
lighting systems, lifts, and other energy-using
appliances and equipment; new technology
and new energies primarily include the oper-
ation of solar energy power generation in
buildings as well as using solar-powered water
heaters in homes. 

Having said this, energy efficiency retrofits
of buildings can vary in accordance with the
type of building , differences in the energy-

the impact of environmental change on fu-
ture industry risk, and so on. By becoming a
member of this organization, the bank's
green finance development has been able to
accumulate a wealth of experience, which can
be used to explore new models for the sustain-
able development of China's financial sector. 

4.3.3. China Merchants Bank's 
Acknowledgement of Energy 
Efficiency Construction

The Importance of Energy Efficiency
Construction

In face of today’s global energy challenges,
the importance of the energy efficiency
retrofitting of existing buildings is becoming
increasingly pronounced, and this work will
be the major undertaking of the next twenty
or thirty years. With the building domain
already accounting for around 40% of total
energy consumption, energy efficiency cons-
truction is of great urgency.

Studies show that in China, 99% of existing
buildings are energy inefficient buildings, with
35% of total energy consumption being ac-
counted for by buildings. Energy efficiency
construction has already become an import-
ant measure in ensuring national energy
security, protecting the environment, improv-
ing people's quality of life, and promoting
an economizing society. Energy efficiency in
existing buildings is a large part of the work in
energy efficiency construction and the task
of energy efficiency retrofitting of existing
buildings requires urgent attention in China in
order to avoid wasting energy and to improve
people's living and working conditions.

China's energy use per unit of building surf-
ace area is 2 to 3 times that of buildings with
similar climatic conditions in developed
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•Over 150% pre-tax debt recovery coverage;

•Mortgage registration after project and
equipment loan; closed management prac-
ticed for payment and settlement accounts.
When energy conservation is not the end
user's main business, the income from the
closed management part of a company's
settlement account must be higher than
the amount of interest a company needs
to repay on their debts each term.

Special-Purpose Loans to Green Equipment
Manufacturers to Increase Production

•Over 8% internal rate of return during 
the energy service contract term;

• Less than 5 year payback period 
on investment;

•Over 150% pre-tax debt recovery coverage;

•Mortgage registration after project and
equipment loan; the income from the closed
management part of a company's settle-
ment account must at least be higher
than the amount of interest a company
needs to repay on their debts each term.

Leasing Loans 

•Over 8% internal rate of return on projects;

• Less than 5 year payback period 
on investment;

• Over 150% pre-tax debt recovery coverage;

•Mortgage registration after project and
equipment loan; closed management prac-
ticed for payment and settlement accounts.

Carbon Trading

• For clients looking to reduce emissions,
international CDM buyers will be sought
and CDM trading actively facilitated;

• China Merchants Bank has established a
strategic cooperation relationship with
Peony Capital, a company of which Bill and
Melinda Gates are founding partners;

using equipment present, and the kind of
proprietor of the building. Providing financial
services for such varying projects requires
designing f inancing products and mech-
anisms that are based on actual conditions and
that are able, to the greatest extent possible,
to satisfy clients' demands. 

4.3.4. China Merchants Bank Energy 
Efficiency Construction 
Service Plan

Financing Energy Service Company Projects

•Over 8% internal rate of return during 
the energy service contract term;

• Less than 5 year payback period 
on investment;

•Over 150% pre-tax debt recovery coverage;

•Mortgage registration after project and
equipment loan; rights to levy fees on items
in the energy service contract are pledged;
closed management practiced for payment
and settlement accounts.

Green Equipment Buyers Credit

•Over 8% internal rate of return within
equipment use deadline;

• Less than 5 year payback period 
on investment;

•Over 150% pre-tax debt recovery coverage;

•Mortgage registration after project 
and equipment loan and sellers' buy-back
guaranteed, etc.

End-User Energy Efficiency 
Special-Purpose Loan

•Over 8% internal rate of return when the
increase in cash flow from the energy effi-
ciency project's cost savings is the com-
pany's main source of loan repayment;

• Less than 5 year payback period 
on investment;
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Chosen projects must aim for energy savings
of 20%, or strive to reduce energy use by
20%. To this effect, the French Global Environ-
mental Facility has organized the provision of
free and focused technical assistance for the
bank and its clients from experts of the China
Energy Institute and French energy company
research association, Capenergies. This team
of experts wil l  perform energy efficiency
analysis of projects, confirm their eligibility,
and make technica l  suggest ions on how
projects may advance.

Over the next two years, as part of this inter-
mediary loan project, cooperating banks will
receive high quality and active technical assist-
ance to strengthen the banks' ability to eval-
uate energy conservation projects and help
the banks to train an in-house team to work
in the green banking system. This promises to
have major and long-lasting significance for
China's green business development and
meeting greenhouse gas emissions reduction
targets.

• China Merchants Bank has established coop-
erative business links with the International
Finance Corporation (IFC).

Asset-Backed Commercial Paper (ABCP)
Business

• This is an innovative kind of debt financing
tool using public placement on the inter-
bank market to supply companies with a
stable cash inflow for a certain period of
time ahead. Financing time limits are very
flexible, in general lasting 5 years, making it
an excellent form of medium- to long-term
financing;

• China Merchants Bank is discussing with
relevant institutions the possibility of set-
ting up an energy efficiency investment
company, specifically investing in green-
house gas emission reduction projects. It
would subsequently practice rolling invest-
ment by issuing ABCP.

4.3.5. Agence Française 
de Développement 
Green Credit Lines

By way of a sovereign loan, Agence Française
de Développement has made €60 million
of intermediary loans available to the Chinese
Ministry of Finance to be used specifically in
promoting investment in energy efficiency
and increasing credit lines for renewable
energy projects. These concessional loans will
be granted by three banks, including the China
Merchants Bank, at below market rate loan
conditions to applicant companies. The sove-
reign loan has a term of 10 years.  



4.4.1. Macroeconomic Stakes
Macroeconomic Stakes 
at the International and Country Level

On average worldwide, the building sector
accounts for 40% of energy consumption. In
France, it accounts for 37% of total energy
consumption. In China this percentage is
lower (30%), but the building sector’s share in
the country’s total energy consumption is
continuously growing. 

Energy forecasts show that the building sec-
tor may have the potential for major energy
savings and GHG reductions. This potential
may reach 300 Mtoe in 2030, which would be
equivalent to 700 Mt of CO2. 

Macroeconomic Stakes 
at the Regional Level

The research program team has conducted
audit and feasibility studies to determine
the optimal combination of thermal rehabili-
tation measures for different categories of
building at Wuhan city level: administrative,
office, shopping malls, and hotel buildings.

Based on the results of these studies and
simulations of possible cost effective techni-
cal measures, the research program team has
defined two options for investment packages
covering the above mentioned categories and
the overall Wuhan building stock. The first
investment package addresses only the up-

grading of the buildings’ energy systems,
while the second deals with the upgrading
of the buildings’ energy systems and their
envelopes. 

For the above-mentioned categories of build-
ing stock, annual savings range from 0.2 Mtoe
(energy system retrofit) to 0.37 Mtoe (energy
system + envelope retrofit). The correspon-
ding energy bills will be reduced respectively
by 13% and 24%. These savings require an
investment from RMB4.1 billion  (system retro-
fit) to RMB11.2 bil l ion  (system + envelope
retrofit) .  The investment payback period
ranges from 4 years for hotels’ and shopping
malls’ system retrofits to 8 years for system
retrofits in offices, 13 years for office system
and envelop retrofits, and 18 years for admin-
istration building system and envelope retrofits.

In addition to direct energy savings, such a
large-scale rehabilitation program will bring
other benefits at Wuhan city level: 

• Between 14,000 and 40,000 full-time equiv-
alent jobs over a 4 year program implem-
entation period;

• Better comfort for building users;

• A boost for the construction material, HVAC,
engineering markets; and

• Additional budget resources for the local,
provincial and central governments through
economic activity taxation.
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4.4. Thermal Retrofitting 
of Buildings: Macroeconomic 

and Financial Issues
Mr. José Lopez, Director, 

International Consulting on Energy (ICE-Group Burgeap)



This reference thermal rehabilitation program
designed at Wuhan city level could be replica-
ted at Hubei province level and then at the
Chang Jiang river basin scale (covering the
Hubei, Hunan, Jiangxi and Anhui provinces).

The corresponding savings and investment
requirements have been calculated for the
same typologies of buildings and the same
packages of thermal rehabilitation measures. 
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HUBEI PROVINCE LEVEL
FOR LARGE PUBLIC BUILDINGS AND ADMINISTRATIVE BUILDINGS

• Annual energy-saving potential: 1.1 Mtce to 1.9 Mtce (0.76 to 1.3 Mtoe)
• Investment requirements:
• RMB14.5 billion (system retrofit)
• RMB39.5 billion (system + envelope retrofit)

IMPACTS

• Construction material, HVAC, engineering market development
• Employment (full-time year equivalent jobs created): 52,000 to 143,000
• Direct: from 30,000 to 82,000
• Indirect (construction material sector): from 22,000 to 61,000
• Better comfort for building users, reduced energy bills (by 13% to 24%)
• Additional budget resources (from taxation of economic activities) 
for local, provincial and central governments.

Hubei Province Savings and Investment Requirements1Box

CHANG JIANG RIVER BASIN SCALE  (Hubei, Hunan, Jiangxi, Anhui)
FOR LARGE PUBLIC BUILDINGS AND ADMINISTRATIVE BUILDINGS
• Annual energy-saving potential: 3.6 Mtce to 6.3 Mtce (2.5 to 4.4 Mtoe)

INVESTMENT REQUIREMENTS
• RMB49 billion (system retrofit)
• RMB134 billion (system + envelope retrofit)

IMPACTS
• Construction material, HVAC, engineering market development
• Employment (full-time year equivalent jobs created): 177,000 to 486,000
- direct: 102,000 to 280,000
- indirect (construction material sector): 75,000 to 206,000
• Better comfort for building users, reduced energy bills (by 13% to 24%)
• Additional budget resources (from taxation of economic activities)
for local, provincial and central governments.

Chang Jiang River Basin Savings and Investment Requirements2Box



International Comparisons

4.4.2. Financing Issues

Adequacy between Financing Tools and Project Profiles

In the building sub-sectors selected for the
program, the magnitude of financial resources
required is very significant. At international
level, building thermal rehabilitation under
the Factor 4 objective entails similar financial

needs. The above table presents the financial
requirements and the employment impacts
of large-scale programs in another building
sub-sector, the housing sector.
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International Comparisons47Table

Factor 4 investment requirements (in billion €) – residential 920 461

Investment per m2 277 206

Annual investment to 2030 38.3 19.2

Annual investment to 2050 20.9 10.5

Direct employment generated per year 920 461

to 2030 722 ,42 362,420

to 2050 349,340 197,680

FranceGermany

Source: Climate Change and Employment, report, European Trade Union Confederation, 2007.

Source: ICE

Financing Tools vs Project Profiles (general)
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The technical and economic feasibil ity of
developing such large-scale investment pro-
grams is recognized by, and raises interest
among, the public authorities. However, as in
OECD countries, key stakeholders (such as
the municipality of Wuhan, or the Hubei
Province Construction Commission) face dif-
ficulties scaling-up investments in this sector.
This is due to a lack of internal expertise to
technically design the projects and/or to
limited financial resources to pass from pilot
and demonstration projects to large-scale
programs.

The private sector (engineering and building
construction companies, local financial insti-
tutions in particular, and well-established
and emerging ESCOs) see the thermal rehabil-
itation market as an opportunity to expand
business and/or compensate for the relative
decline in the new building construction
market. In the meantime, large-scale ther-
mal rehabilitation projects in the building
sector present financial and risk profiles that
limit or prevent private sector involvement.
More particularly, these projects:

• Compete with more traditional easy invest-
ments such as power plants and industrial
expansion projects;

• Are perceived to be more risky than supply-
side projects because the expected savings
may be negatively influenced by the quality
of the rehabilitation works and equipment
used, but also by the behavior of the build-
ing users. In addition, due to the legal status
of the buildings (publicly owned and or
multi-owner buildings), those investments
are often non-asset based; 

• Present lower profitability ratios and longer
payback periods than investments in other
sectors.

Consequently, it appears that building techni-
cal and financial engineering skills, removing
policy barriers, and providing local stakehold-
ers with experience in financing investments
are some of the key measures needed to act-
ually promote large-scale thermal rehabilita-
tion programs in the building sector.

In that respect, the research team has high-
lighted the fact that, depending on the build-
ings’ thermal and activity profiles, different
types and combinations of financial resources
may be required. Therefore, the structuring of
a first large-scale rehabilitation program would
have to address the adequacy and attractive-
ness of the financial resources for the project
sponsors (building owners), as well as for the
construction and energy service companies.



The typology of buildings considered in the
research program shows different profitability
ratios and/or payback periods. Whereas re-
habilitation investment measures targeting
the energy systems in hotels have a payback
period of 4 years, which allows a project
financial structure based on a combination of
internal financing , medium-term commercial
loans and/or third-party financing schemes,
administrative buildings would require long-
term financing with low interest rates.

Guidelines for Structuring 
a Financing Scheme

Large-scale rehabilitation programs at Wuhan
and Hubei levels will entail:

• Tapping a large range of building categories;

• Addressing different energy-saving potentials
with various technologies and equipment;

• Coping with different investment profiles
(size, rate of return, risk, etc.);

• Involving different stakeholders (owners,
tenants, users, local government, etc.);

• Attracting project sponsors and to make EE
in the building sector an attractive business;
and

• Raising finance at a level that is consistent
with an ambitious program, i .e. to make
commercial, project and corporate finance
available for the program.

The research team has come to the conclu-
sion that, regarding the financial component
of large-scale rehabilitation programs, not
one but several financing tools with strong
coordination, or better, a financing scheme
broad enough and flexible enough to meet
the above expectations, would be required.

Based on a review of international case stud-
ies, a draft scheme to support the devel-
opment of rehabilitation programs using a
combination of public and private financial
resources has been drawn up.

Basically, the envisaged scheme consists of
placing provincial/national public resources
from established public funds, city and pro-
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Source: ICE

Financing Tools vs Project Profiles (research program)
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vince budgets, taxes etc. in a Thermal Rehab-
ilitation Fund managed by the Wuhan and
Hubei authorities. The resources collected will
be combined in the form of subsidies, com-
plementary guarantee schemes, equity, and
subordinated loans with commercial financial

resources in order to improve the attractive-
ness of the current market financial resources
(basically loans and equity) as well as the feas-
ibility of innovative financing schemes such as
the third-party financing scheme developed
by ESCOs. 

Source: ICE

Draft Scheme Proposal
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Reference Program Value: €0.4 billion (RMB3.6 billion)48Table

Escos 20% 80 of which 20% Equity 16
through equity
and 80% through
debt finance

Banks 65% 260 Debt 324

Self-financing 10% 40 Self-financing 40

Public budget support 5% 20 Public budget 20
support

Total 100% 400 Total 400

Values
M€
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On the basis of the  scheme envisaged above,
it was possible to determine the size of a Ther-
mal Renovation Fund dedicated to providing
financial support to a reference program
corresponding to the one designed by the
research team at Wuhan city level and repres-
enting a total investment value of €0.4 billion
over a four-year period.

The RMB3.6 billion investment value is distrib-
uted among the main possible primary
sources of financing: public budget support,
internal financing , bank loans, and financing
provided by Energy Service Companies (ESCOs)
under performance contracting schemes. The
estimated respective market share of these

primary sources is: 5%, 10%, 65%, and 20%.
Regarding the specific contribution of ESCOs,
we have considered that 20% of the per-
formance contract value will be financed
through equity and 80% through loans. 

This intermediate calculation allows us to
determine the secondary distribution of
financial resources required to supply the
program’s financial needs:

• Public budget support: €20 million;

• Internal financing: €40 million;

• Banks loans: €324 million;

• ESCOs: €16 million.
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Reference Program Value: €0.4 billion (RMB3.6 billion)49Table

Grants for feasibility studies for 50% of the feasibility
studies up to 5% of the project cost 10

Support to ESCOs max. 35% equity/subordinated
loans participation 6

Soft loans 20% of the overall debt requirements
(debt finance for projects 
+ debt finance for ESCOs) 65

Subsidies for loans 10% of the loans 
and max. 20% subsidIes 6

Complementary guaranties coverage for 20% of the ESCO market 2

Total resources to be provided by the TRF
over a 4-year period 88

of which:
Grants/subsidies 16
Revolving finance 72

Annual TRF financial requirements 22

of which:
Grants/subsidies 4
Revolving finance 18

Corresponding 
value

Level of contribution 
to the market needs

Products / tools

Source: ICE
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We have considered the Thermal Renovation
fund would have to provide two types of
support:

•Grants to facilitate the development of the
feasibility studies that a large-scale reno-
vation program would require; and

• Subsidies and blended financial resources
to be combined with the above commercial
sources of finance (bank loans and ESCOs)
to increase their attractiveness in terms of
cost and maturity.

The table shows the distribution of the
Thermal Renovation Fund resources among
the different financial products and tools.
A significant part of the Thermal Renovation
Fund contribution would come through the
form of soft loans (€65 million) as a revolving
source of finance. This particular resource
could be provided by the government or the
province and/or from a credit line provided
by one or several financial institutions.

As a result, considering the leverage effect of
the public resources, a €0.4 billion program
would require a total contribution of the
Thermal Renovation Fund of €88 million,
of which €16 million through grants and
subsidies and €72 million through revolving
finance. Yearly, this contribution would be
€4 million through grants and €16 million
through revolving finance. 

The approach proposed above has been
developed following the analysis of several
dedicated financial tools implemented at

international level and combining public and
private financial resources. We present a se-
lection of those experiences below.

4.4.3. Case Studies

Case Study 1: 
The Thermal Modernization Fund in Poland

The fund was set up in 1998. It addresses the
housing and district heating sectors. The fund
provides grants up to 25% of the total project
costs for energy efficiency investments imple-
mented by owners and heat suppliers on the
condition that a minimum of 25% energy sav-
ings is achieved. 

The eligibility and disbursement procedure
is as follows:

• Audit by an independent expert who defines
the optimal investment program;

• Investment; then

•Grant directly disbursed to the bank account
as part of the loan reimbursement.

The key fund stakeholders are:

• The Ministry of Finance 
(provides the Fund resources);

• The Nation Bank for Economy 
(manages the fund); and

• The Ministry of Infrastructure 
(monitors the procedure and the results).

In 2007, the Fund provided grants to 4,200
loans for an amount of €73 million, and the
total investments that could be reached with
the support of the Fund was approximately
€500 million.



Case Study 2: 
Low Interest Rate Loans – The Thai Revolving Fund for Energy Conservation

In 1992, the Royal Thai Government passed
the Energy Conservation Promotion Act
(ENCON Act) to promote energy conserva-
tion and set up related regulations regarding
funding and resources to support energy
efficiency and renewable energy. Under the
ENCON Act, the Department of Alternative
Energy Development and Energy Efficiency
(DEDE), which is a department of the Thai
Ministry of Energy, is responsible for the
Compulsory Program for Designated Fact-
ories and Buildings. These designated facilit-
ies have to comply with government regul-
ations requiring them to manage their energy
use, and conduct energy audits and establish
energy conservation targets and plans. 

In 2002, the budget allocated from the ENCON
Fund to the Revolving Fund for Energy Con-
servation was approved. 

The agreement with the financial institutions
was signed in January 2003, marking the start
of the scheme’s implementation. The scheme
is fixed for a period of three years, after which
an agreement could be signed again with the
ENCON Fund Committee. However, the idea
is that this type of financing become “self-
functioning”, i.e. without public intervention.

The DEDE has received approval from the
ENCON Fund Committee to use 2 bil l ion
baht (approximately €43m) to set up an EE
Revolving Fund. The ENCON Fund is a special
fund created by the Encon Act 1992 by col-
lecting small taxes from the use of benzene,
diesel, fuel oil and kerosene. At present, the
Fund has gathered an amount of around 17
billion baht (approx. €365m).
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Source: ”Comparison of best practices in developing and managing financial mechanisms that support energy efficiency projects”,
Study for ADEME, José Lopez and Eliane Métreau, International Consulting on Energy (ICE), 2004.
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The Thai Revolving Fund for Energy Conservation
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A couple of people from the DEDE are
assigned to manage the Fund and cooperate
with participating financial institutions. As
for the financial institutions, they manage
risks related to loans, carry out book-keeping
activities,  credit checking , and customer
selection. 

Beneficiaries: Buildings and factories classified
as “designated facilities (buildings and facto-
ries)” according to the 1992 ENCON Act.
They are defined as facilities that have an
installed capacity of 1175 kVA of transformers
and have a peak demand of 1 MW and above,
consume 20 million MJ or more of electricity
annually, and use steam power and other
non-renewable energy sources. These desig-
nated facilities have to comply with govern-
ment regulations requiring them to manage
their energy use, including lighting energy,
air-conditioning energy, and the building
envelope. 

Projects: Improvement in fuel combustion
efficiency, reduction of energy losses, recy-
cling of energy waste, substitution of one
type of energy for another type, more effi-
cient use of electricity through improvements
in power factors, use of energy-efficient
machinery or equipment as well as use of
operation control systems and materials that
contribute to energy conservation, etc.

Term of Loan: Not more than seven years
and/or the simple payback period (SPP) shall
not be more than seven years.

Maximum Loan Size: 50 M baht per project
(€1.1 M). No minimum size for the invest-
ment projects has been set. 

Maximum Interest Rate: Not more than 4%
per year (amount charged by financial instit-
utions to the borrower). This interest rate is

intended to cover the financial institutions'
management fees and the risks associated
with the loan.

Costs Included in the EE Loan: Equipment and
installation costs, consulting fee for design,
supervision, and guarantee of savings (e.g.
for an energy service company, or ESCO),
construction of a gas pipeline from the main
pipeline to the designated factory or build-
ing , transportation and deconstruction
costs, import duties and taxes, and value-
added tax (VAT) for the above costs. 

Interested owners of designated facil ities
need to request a loan application form from
a participating financial institution. Financial
institutions approve the EE project loans
according to their regular lending criteria and
perform an initial financial analysis of the pro-
ject. The DEDE considers and approves proj-
ects according to its criteria and conditions. 

Among the eight banks that declared their
interest in participating in the scheme, six
commercial banks were selected. They are
responsible for providing loans. These banks
are: the Industrial Finance Corporation of
Thailand, the Bank Thai, the Bangkok Bank
PCL., the Sri Ayutthaya Bank, the Thai Military
Bank and the Siam City Bank. The DEDE is in
charge of distributing the money between
the six banks. The share is defined according
to each bank’s potential. Nevertheless, the
budget for each bank is redefined every six
months and adjusted (lowered or increased)
according to the bank’s dynamism in the field
of energy conservation. Each bank’s manager
of the fund receives training on energy effi-
ciency issues and technical assistance from
consultants paid by the DEDE. The basic
mechanisms such as Energy Performance
Contracting , energy savings, ESCOs, etc. are
explained to them. They can phone and get



advice from the DEDE. The DEDE is assisted
by the Energy Research Institute regarding
communication, information and advising
activities. 

With regard to the above criteria, the actual
interest rate and maturity of the loan depend
upon the agreement reached between the
bank and the borrower. However, the interest

rate ceiling is 4% and the loan term cannot
exceed 7 years. 

The borrower makes repayments to the
ENCON Fund via the bank and will also sub-
mit a report on the project’s energy savings.

Case Study 3: 
Low Interest Rate Loans – 
The Canadian Green Municipal Fund

On the initiative of the Federation of Can-
adian Municipalities (FCM), the Canadian
Federal Government (the Department of the
Environment, the Department of Natural
Resources and the Department of Finance)
signed an agreement with the Federation of
Canadian Municipalities in 2000. In this agree-
ment, the Government has committed itself
to bringing CA$125m (around €80m) to
Green Municipal Funds (GMF). The endow-
ment was doubled to CA$250m in the 2001-
2002 federal budget year.

The FCM manages the Green Municipal
Funds through its Center for Sustainable
Community Development (20 people). The
agreement with the federal government
imposes a limit on annual administrative costs
of CA$5m (€3.2m). They are financed by
interest rates. 

Beneficiaries: The Funds are open to all Can-
adian municipalities (even those not belong-
ing to the federation) and their public-sector
or private-sector partners. The partnership
between a municipality and a private organiz-
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Source: ”Comparison of best practices in developing and managing financial mechanisms that support energy efficiency projects”,
Study for ADEME, José Lopez and Eliane Métreau, International Consulting on Energy (ICE), 2004.
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ation has to be clearly stated either by the
financial participation of the municipality in
the investment, by its participation in the in-
put (for instance by procuring land for a wind
farm project), or by its participation in the
output (by contracting a long-term renew-
able electricity purchase agreement with the
firm, for example). 

Projects: The five eligible sectors are: energy
and energy services, water, solid waste manage-
ment, sustainable transportation services
and technologies, and integrated community
projects. The project must significantly im-
prove environmental performance or energy
efficiency in these areas of municipal infra-
structure.

Applications are reviewed by a Peer Review
Committee of two or three independent
experts in the field to which the project
belongs. These experts come from govern-
ment, institutions and/or the private sector.
Each project is given a mark according to a
grading system ranging from 0 to 1000. Cri-
teria such as environmental improvement
(150 points), replication possibil ities (100
points), partnership quality, innovation (230
points) intervene in the grading system. Most
of the time, projects with a mark superior to
600 points are recommended for financing
by the Review Committee. Recommenda-
tions from the FCM staff are made to the
15-member Green Municipal Funds Council.
The Council includes representatives from
the Government of Canada (one-third), the
FCM (one-third), and non-governmental
institutions and the private sector (one-
third). The council supports or rejects staff
recommendations. Final approval rests with
the FCM’s Board of Directors. In theory, not
more than 30% of the fund can be allocated
to one of the 5 eligible activity sectors.

In practice, two types of funds with similar
objectives and criteria are managed: 

The Green Municipal Enabling Fund (GMEF)
provides up to CA$100,000 (€64,000) to
cover half the cost of feasibility studies for
innovative environmental projects. The fund
helps the Canadian municipalities and their
public or private-sector partners to determine
the technical, environmental and/or eco-
nomic feasibility of municipal projects. The
total amount of GMEF is CA$50m (€32m).
The government should stop providing the
fund in 7 or 10 years.

The Green Municipal Investment Fund
(GMIF) has two main products: the primary
product is loans and the secondary product is
grants. Green Municipal Funds Council decid-
ed as a policy to direct half of the Fund’s cap-
ita l  in  loans to municipal it ies  and the
other half towards the private sector. The
total federal government contribution to the
GMIF is CA$200 m (€128m). It is revolving
and fixed for an undetermined period. There
are three types of loans: 

•Direct loans to municipalities with very low
risk at the preferred interest rate of 1.5%
below the Government of Canada bond
rate (which is the Country’s lowest rate: cur-
rently 4.8% per annum for a 10-year term);

• Corporate loans to private-sector partners;
and

• Project finance through loans. This type
of loan is more risky as, in case of project
failure, the project promoter is not bound
to reimburse the loan. The interest rate is
therefore higher. 

The average of the interest rates for the loans
to companies and for the loans to projects is
an interest rate of 1.5% above that of the
Government of Canada bond rate. As the



fund shares loans equally between municipal-
ities and the private sector, the average inter-
est rate for GMIF loans is the same as the
bond rate. 

The GMIF finances up to 25% of the capital
costs of a qualified project. The GMIF can also
provide loan guarantees.  Loan payback
periods may range from four to ten years.

If money from the interest rates is still avail-
able after covering administrative costs, it is
dedicated to the allocation of grants for GMIF
Pilot Projects: environmental projects that are
highly innovative but have a payback period
of more than 10 years. Special grant funding
contributes to structuring these projects in
ways that offer acceptable payback periods
and risk levels.

After approval of the project, a standardized
agreement is signed between the GMIF and
the municipality (or private organization) in
which a few conditions are settled. Among
them, the municipality has the obligation to
sign a “Project Results Reporting Agreement”
in which it commits to creating a monitor-
ing system, tools to check the results of the
project and to report one year after the
project achievement. A grant of CA$30,000
(€19,000) is provided by the GMIF for this

purpose. Staff from the GMIF is especially
assigned to the supervision of the evalua-
tion process.

The Fund is constantly seeking to develop new
loan products to overcome barriers to the
implementation of valuable projects. For ex-
ample, it is developing two other special tools: 

“Emission Reduction Rights–based financ-
ing”: Loans will not be reimbursed by finan-
cial flows but by transferring to the GMIF the
carbon credits gained thanks to the project’s
emission reductions. The GMIF will then sell
those credits to reimburse the loan and the
interest rate. The remaining proceeds from
the sale of the credits are for the project
sponsor;

“Reinvestment loans”: The Fund can lend to
projects which are not a priori innovative if
the municipality commits itself to placing the
economic savings earned by the difference
between the GMIF’s interest rate and another
financial institution’s interest rate into small
but very innovative projects.
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Case Study 4: 
Equity – Dexia-FondElec Fund

The purpose of the Fund is to promote
investments in energy conservation and renew-
able energy in the countries of the former
Eastern Block and to contribute to the reduc-
tion of greenhouse gas emissions. The fund’s
investment strategy includes the valorization
of these emission reductions in the form of
carbon credits.

The Fund was set up to operate during the
period 2000-2010, with the possibility of a
2-year extension. For the fund manager, this
period corresponds to 2 phases of activity: a
4-year investment period and a 6-year exit
period.

The Fund sponsors are specialized investors.
The minimum investment share in the fund is
€1m. The investors in the fund are:  

• The European Bank for Reconstruction and
Development (EBRD), with €20m (28% of
the capital);  

•DEXIA (via its subsidiary company Dexia
Public Finance Bank), with €20m (28% of
the capital);  

• KPIC Singapore, Kansai Electric and MARU-
BENI Corporation, with €10m each (14% of
the capital for each);  

•Mitsui & Co. Europe, with €1 m; and

• In addition to the capital committed by the 
investors, FondElec C.E.E. Corp. manage-
ment, as fund manager, with €0.1 m. 

The French Global Environment Facility (FGEF)
supports the fund by covering part of the
additional costs of operation arrangements in

Source: ”Comparison of best practices in developing and managing financial mechanisms that support energy efficiency projects”,
Study for ADEME, José Lopez and Eliane Métreau, International Consulting on Energy (ICE), 2004.

Equity participation

Convertible debt

Support 

to creation

Company that 
implements EE or EnR 

operations

Company that 
implements EE or EnR 

operations

Company that 
implements EE or EnR 

operations

Company that 
implements EE or EnR 

operations
FGEF

(€1.68m)

ESCOs

65Figure

SPONSORS

• EBRD (€20m)
• Dexia (€20m)
• KPIC Singapore,
Kansai Electric and 
Marubeni (€30m)

• Mitsui and Co 
Europe (€1m)

• Fondelec CEE 
Corp Management 
(€0.1m)

D
ire
ct
 in
te
rv
en
tio
n 

In
di
re
ct
 in
te
rv
en
tio
n

The DEXIA-FondElec Fund

DEXIA-FONDELEC 
FUND 



a region that, although advancing on the eco-
nomic and legal levels, still remains difficult
for private companies to access.

The management of the Dexia-FondElec
fund is ensured by FondElec Clean Energy
Efficiency Management Corp. FondElec Group
Inc. is a private equity investment firm with
five funds under management and more
than US$250m of investment capital .  The
FondElec Group is a global energy, communic-
ations and technology investor. The firm was
founded in 1992 to develop its business on
the rapid growth of worldwide electricity, uti-
lity, technology and communications markets.

The beneficiaries of the Fund are projects of
small and average size, for which investments
range from €1m to €10m, and that:

• Improve energy efficiency in existing plants
and equipment, e.g. plant retrofits and fuel
conversions, heat recovery systems, electric
transmission grids, gas and district heating
system improvements, illumination, other
public facilities and industrial energy effi-
ciency enhancement; and

• Promote the use of renewable energy. 

The projects in which the fund intends to
invest are presented to DEXIA and the EBRD
(the principal investors in the funds) for their
opinion. The two sponsors have fifteen days
to express their opinion. If the opinion is
favorable, the project is submitted to the
Investment Committee. If it is negative, the
fund manager can nevertheless present the
project to the Investment Committee but
with the mention "project refused by the
sponsor".

The fund can invest either directly in an
energy conservation project or a renewable
energy production project (heat network,
industrial process, etc.) or through equity

participation in (existing or new) companies
specialized in the realization of this type of
project (ESCOs). The fund, through an ESCO,
enters into contracts with individual comp-
anies or municipalities to provide the capital,
project build-out, and ongoing technical
monitoring for specific projects. The increa-
sed income resulting from the installation of
new equipment, as mandated in the energy
service contract, will be split in a manner that
allows the fund to receive a return on its
investment.

Example of Direct Investment: In Poland, in
the town of Gorlice, the fund invested in the
retrofitting and optimization of the heat pro-
duction infrastructure of the district heating
company, EC. Gorlice. The fund brought €3.7 m
in capital and €3.3m in convertible debt to
the company. These resources allowed the
realization of energy conservation operations
on the heat generating stations, the commis-
sioning of a 7-Mwe turbine and a cogenera-
tion plant, as well as the extension of the heat
network to new industrial and residential
customers. 

Example of Investment through Specialized
Companies: In December 2000 in Hungary,
the fund repurchased the consulting and
engineering company in energy technology,
EETEK Limited. This company was then
capitalized and transformed into an energy
service company (ESCO). EETEK is now able
to reach potential customers, lead feasibility
studies for the realization of energy efficiency
projects or renewable energy valorization
projects, finance and carry out investment
operations identified in a turn-key approach,
and refund them on the energy savings real-
ized. On this basis, EETEK developed a project
portfolio in the private and public sectors
(industry, hospital, street lighting , heating
networks, etc.).
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At the level of the fund management, the
decision-making process relies on an extrem-
ely "compact" method: the president and
the general manager of FondElec intervene
personally on the ground. They ensure a
continuous presence in Poland and Hungary,
as well as in the other countries where the
fund seeks to develop operations. In Poland
and Hungary where most of the investment
operations were carried out, FondElec deta-
ched an associate who, from day to day, ensu-
res the follow-up of the projects at the admin-
istrative and financial level. This restricted team
makes all decisions relating to the manage-
ment of the investment operations carried
out and new investments, and organizes the
work and the studies canvassing new invest-
ment opportunities. The canvassing work of
the manager in the countries where the funds
has not yet invested can involve external

consultants. From the end of the year 2001,
subsidiary companies or representations of
the ESCO EETEK Hungary (developed by the
fund) were created in Bulgaria, Croatia, and
Slovakia. In 2003, such structures were instal-
led in Poland and Romania. 

At the level of the projects in which the fund
invested (projects in existing companies like
Gorlice or ESCO creation projects), the fund
relies on a highly qualified local "manage-
ment" (experienced in working at internatio-
nal scale, excellent level of English) and gener-
ally young people. If the people in charge of
the technical directions are specialists in the
energy sector, the recruitment base for the
posts of the development, investment and
finance management is diversified.

Case Study 5: Third Party Financing – Berlin
Energy-Saving Partnerships

Source: ”Comparison of best practices in developing and managing financial mechanisms that support energy efficiency projects”,
Study for ADEME, José Lopez and Eliane Métreau, International Consulting on Energy (ICE), 2004.

Berlin Energy-Saving Partnerships
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The sponsors are the State of Berlin and the
districts that pay the Berlin Energy Agency’s
fees for consultancy.

The Berlin Energy Agency (BEA) is the project
manager. It assists the municipality from the
tendering process to the supervision of the
contracts. The Agency is paid by a basic
consultant fee, half by the State of Berlin and
half by the district concerned by the project. 

Beneficiaries: Public buildings (school centers,
swimming pools, museums, etc.). 

Type of Projects: Heating systems (central
control systems, optimization of individual
control tasks, distribution network, adapta-
tion of thermal installed load, etc.) and electri-
cal application (peak load management, effi-
cient drives, ventilation and cooling tech-
niques, lighting control systems, etc.).

Basic Principle: The client (for example the
local authority) is responsible for the upkeep
of various buildings, such as nursery schools
or offices. It is bound by contract to energy
suppliers who deliver electricity and heating
(i.e. gas or oil). In order to reduce energy costs
and damaging levels of carbon dioxide, the
client transfers the financing , planning , imple-
mentation, and control of energy-saving
measures to a private energy-saving partner—
the “contractor” (an ESCO). The successful
contractor undergoes a tendering process.
The existing contracts between the client and
the energy suppliers covering the delivery of
electricity and heating are not affected by the
project. The contractor, however, agrees to
adopt the necessary technology and supply
with the energy suppliers. 

Building Pools: Energy-Saving Partnerships
are not only applied to energy saving in large
building complexes. The Berlin model is a con-

scious effort to pool smaller projects and
create “building pools.” In order to reduce
transaction costs, the buildings are pooled as
the tender procedure is quite similar with one
or 20 buildings. In addition, for organizational
reasons,  a l l  bui ld ings const itut ing one
pool have to belong to one fully responsi-
ble administration. 

Energy-Saving Guarantee Contract: The ESCO
signs a contract to guarantee the client a
minimum level of energy savings. The con-
tractor only receives his agreed earnings if the
stipulated energy savings are reached. 

The investments carried out by the contrac-
tor are re-financed through the savings. Any
remaining savings are shared by the partners
according to a ratio system agreed upon in
the contract for the duration of the project.
The contractor remains responsible all this
time for the maintenance and service of the
systems. The client benefits from all cost
savings once the contract has expired. 

In order to ensure long-term quality, the
cooperation has to be based on a balanced
contract. The Energy-Saving Guarantee Con-
tract ensures the highest possible degree of
reliability. It takes all the specific demands of
the project into account and legally guaran-
tees the client’s interests. The contract inclu-
des all details regarding technical measures,
the nature and extent of any investments
made by the contractor, as well as the dura-
tion and level of savings. The contractor is res-
ponsible for the performance of the technical
systems and therefore also for any risks cau-
sed if the systems break down. He also guar-
antees the client a minimum level of targeted
energy savings and bears any financial risk— if
interest rates rise, for example. 
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Project Cycle: 

• Preparation: project definition, technical
data-collection, creation of building pools
if necessary, check of potential, technical
economic objectives;

• Tendering process and award: announce-
ment of the process and/or identification
and choice of the target group for tenders,
invitation for tender,  negotiation of the
tenders, recommendation for award;

• Energy-Saving Contract;

• Contract Preparation Phase: fine planning ,
index of planned performance, conception
and financing , installation, transfer of
property; and

•Main Performance Phase: optimization of
the operation, parameterization, proof of
savings, maintenance. 

The BEA’s Missions:
All municipal institutions are allowed to
address the experts of the BEA to get their
EPC projects defined and to get assistance for
procurement. The BEA creates a Steering
group in the administration to explain the
modalities of an EPC to the staff. It elaborates
on the basic data on the buildings and the
energy consumption baselines. The prepara-
tion of the documents for the tendering pro-
cess, the negotiations, the final recommenda-
tion as to the contractor, and the assignment
of the contract are carried out by experts.
Finally, the BEA can intervene in the super-
vision of the contract. 

Example: Building Automation Systems 
in Pankow:
The Berlin District Pankow entered an Energy-
Saving Partnership with a contractor in 1998.
The successful bidder for the pool of 55 build-
ings was the company Johnson Controls JCI

Regelungstechnik GmbH. The District deci-
ded to set the focal point of the contract on
high investments with a duration of less than
15 years: investments of roughly €1.8m were
therefore calculated for the contract with a
duration of 14 years. The contractor guaran-
tees more than 24% (€502,000 guaranteed
savings and 2,500 CO2 tons/year). In addition
to other technical measures, JCI installed
building automation systems in order to lower
energy consumption and a central building
control system in the building pool in Pankow.
This enables all buildings to be optimally sup-
plied with heating according to their types
and times of usage. 

Other Examples of Projects: 

• Individual Temperature Control for the Ber-
lin District Friedrichshain (a pool of 30 build-
ings) / Total investment: approx. €940,000 /
Energy-Saving Guarantee: 20%/Energy
Partners: ARGE, MVV Energie AG, WFM
GmbH &Co;

• Conversion from coal to gas in Steglitz-
Zehlendorf (41 buildings) / Total investment:
approx. €920,000 / Energy-Saving Guaran-
tee: 22%. Energy Partner: SFW GmbH;

• High energy savings in Berlin’s Public Baths
(11 swimming-pools) / Total investment: ap-
prox. €4.9m / Energy-Saving Guarantee:
33.5% / Energy Partners: Landis & Staefa,
Siemens Building Technologies GmbH. 



Case Study 6: Guarantee – FOGIME

FOGIME was set up to support SMEs’ invest-
ments in favor of energy conservation by guar-
anteeing the loans they have contracted with
banks.  

This fund was set up in 2001 by ADEME in
partnership with the Bank for the Development
of SMEs (BDPME) through its subsidiary 
company SOFARIS, EDF and Charbonnages
de France.

The Fund Guarantee manager is SOFARIS.
Held mainly by the State and the Caisse des
Dépôts et Consignations (CDC), BDPME
directly or indirectly controls the majority of
the capital for the SME equipment credit. By
creating BDPME, the authorities wanted to
have a specific instrument which carries out a

general interest mission for SMEs and shares
the risk of their financing.

Beneficiaries: Companies in existence for
more than 3 years with turnover of less than
€40m that employ less than 250 people,
whatever their sector of activity or legal form.

Eligible Projects: The eligible investments are in
particular those relating to the equipment indi-
cated in the list of materials devoted to energy
conservation published in the Official Journal: 

• High-performance material and equipment;

•Modifications of exist ing faci l it ies and
processes;

• Renewable energies; and

• The production of efficient equipment in
the environment and energy sectors. 
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The FOGIME is a mutual guarantee conferred
by BDPME-SOFARIS and ADEME provided
to banks granting medium- and long-term
loans. The FOGIME makes it possible for SMEs
to benefit from a reinforced guarantee:
70% against 40% provided by the National
Guarantee Fund for the development of
SMEs, the additional 30% being financed by
ADEME. The Fund guarantees a maximum of
€750,000 per company. It also guarantees
leasing operations for SMEs. 

The successive stages in the implementation
of the guaranteed loan are as follows:

• The SME applies for a short- or long-term
loan to its bank, or for a leasing in order to
finance an energy conservation investment;

• The bank makes a request to BDPME-Sofaris
to receive the guarantee; 

• BDPME-Sofaris addresses the project to
the regional ADEME Delegation concerned
for a technical opinion. This advice is sim-
plified when the investment follows a deci-
sion-making aid financed by ADEME; 

• In case ADEME agrees, the bank extends the
loan. In the event of refusal, the project re-
mains eligible for the National Guarantee
Fund for the development of SMEs in which
up to 40% of the loan is traditionally guar-
anteed.



4.5.1. The Expense Apportioning 
Mechanism Currently in Effect 
and its Obstacles in Application

Article 30 in the Regulations on Energy Con-
servation of Civilian Buildings issued by the
State Council on October 1, 2008, stipulates
that:

• Energy retrofitting expenses for govern-
ment office buildings shall be incorporated
by the People’s Government at or above
county level into the financial budget at the
same level;

• Energy retrofitting expenses for residential
buildings and public buildings used by such
public undertakings as education, science,
culture, public health and sports shall be
de-frayed jointly by the government and
their property owners;

• The State encourages investment in existing
building energy retrofits from social capital.

The obstacles that Hubei is facing in imple-
menting this apportioning mechanism are:

• First, the government’s financial capacity is
limited.

As of the end of 2007, total building space
was 758 mill ion m2 in Hubei Province, 490
million m2 of which are residential buildings

and 260 million m2 public buildings and
government office buildings. The spending
needed for the renovation of public build-
ings and government office buildings is pro-
jected at more than RMB39 billion.

The financial status of Hubei Province and
Wuhan Municipality is as follows: the local
fiscal revenue of the province was RMB133.8
billion in 2008; for Wuhan the figure was
RMB37.6 billion.

• Second, public buildings such as middle and
elementary schools are fully funded by the
government. There are subsidization policies
for the renovation of residential buildings
in northern China, but none for residential
buildings in southern China.

4.5.2. Analyses of Financing 
Practices in China

The central and local governments all attach
great importance to energy-saving reno-
vation. Practices differ from province to
province. Generally speaking , they include:
government full funding , government sub-
sidization, payment by property owners,
energy management contracting , bank loans,
multi-party fund-raising , government-guided
operation, and market-oriented operation.
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Government Full Funding: 
Pilot Projects in which Energy-Saving
Renovation is Funded by the Government’s
Financial Budget

The General Laboratory Building of the Liao-
ning Research Institute of Building Sciences
was put into use in 1992, without any ener-
gy-saving insulation measures. It was a typical
energy-inefficient building , hot in summer,
cold in winter, with high energy consumption.
In December 2007, as the first energy retrofit
pilot project for buildings of Shenyang , its
renovation was funded by the municipal
government. After the project was comple-
ted, the building’s energy-saving rate rose to
more than 50 percent, since its exterior walls
were enclosed by polyurethane heat preser-
vation layers and composite panels. With this
envelope, the heat transfer coefficient of the
building decreased from 1.51 W/m2K to 0.38
W/m2K.

Characteristics: Pilot projects can be funded
by the government, but it is impossible for all
renovation projects to be funded this way.
Long effective financing mechanisms should
be established to push market development.

Government Subsidization: 
Energy-Saving Renovation Projects 
for Residential Buildings Mainly Paid 
for by Individuals and Subsidized by their
Employment Units and the Government

Replacing windows: Window replacement in
existing buildings in Nanjing has achieved
significant results. In May 2007, Nanjing draft-
ed Advice on Energy-saving Renovation of
Old Windows of Existing Residential Build-
ings in Nanjing Municipality. Windows that
were targeted were those in apartment build-
ings built in the 1980s or later and not ear-
marked for demolition, whose ownership was
clear in the 11 districts of the city proper. The

original solid (or hollow) steel windows of the
25, 32 and 35 series were replaced with new
energy-saving windows.

Expenses for the replacement of energy-
saving windows were mainly defrayed by prop-
erty owners who have benefited from them,
and government subsidies and welfare subsi-
dies provided by beneficiaries’ employment
units were added. The municipal government
allocated RMB10 million as a subsidy for the
project, with a subsidization standard of
RMB100 per m2 of window space. Govern-
ments at district level also provided some
subsidies, and the renovation expenses of
fami l ies  receiving minimum social welfare
support  and fami l ies  wi th  L ive l ihood
Guaranteed in Five Aspects were covered.

Energy-saving bulbs: On January 10, 2008, the
Ministry of Finance and State Development
and Reform Commission jointly issued Interim
Measures for the Administration of Financial
Funds in Subsidizing the Promotion of Energy-
saving Lighting Products (Ref. No. File [2007],
No. 1027). The State indirectly subsidizes the
application of these products by providing
funds to the enterprises who have won the
bid, who in turn sell the products to custo-
mers at the bidding prices minus the subsidies.
The ultimate beneficiaries are clients making
large purchases, and urban and rural residents.

Strong points: Quick results, uncomplicated
operation;
Weak points: Suitable for the promotion of
single energy-saving products, unsuitable for
the energy-saving renovation of whole units.

Energy Retrofitting Payment 
by Property Owners: 
Hotels with Independent Accounting

The Shangri-La Group operates according to
its triple goals of lowering operation costs,
honoring enterprises’ social responsibility, and



projecting a sound corporate image. Under
these goals it has proposed an energy-saving
target of 12 percent. To meet the target, its
branches have actively participated in the
design and implementation of plans that suit
their conditions. The Shangri-La Wuhan is no
exception, and it has taken many energy-
saving renovation measures since opening
for business.

As the Shangri-La Group has a strong finan-
cial capacity, these renovation projects have in
most cases been funded by the Group,
without financing from outside sources. Con-
sidering the risks posed by technological
advancement (the technology currently in use
is devalued by the emergence of better, more
advanced and less expensive technology
within the investment recovery period), the
investment recovery period of these projects
was limited to 2 years so that upgrading
could be carried out regularly and appro-
priately.

The Howard Johnson Hotel Wuhan is a five-
star hotel owned by the Wuhan Municipal
Railway Bureau, and managed by the Howard
Johnson International Group. Currently, the
hotel’s Engineering Department has drafted a
Renovation Plan for the Hot Water System
of the Howard Johnson Hotel Wuhan, to be
approved by its owner.

As the hotel has only been open for business
for a short time, and the initial investment
has not been recovered, the head of the
Engineering Department commented that in
a short period of time the hotel would not
raise enough funds for its energy retrofitting
project. An application for a bank loan is
not feasible because (a) it is economically un-
sound to use bank loans for renovation due
to the high cost and heavy liabilities, and (b)

banks would not approve an application
due to the high risks of an enterprise that
has not repaid its initial debts.

The head of the Engineering Department,
who is well conversant with China’s energy-
saving industry and technology, also argued
that there are obstacles in opting for the
ESCO (Energy Service Company) mode.

“Chinese energy service companies have lim-
ited expertise in service and design, and are
unable to fully satisfy enterprise demands for
an overall energy-saving service. Furthermore,
China’s energy service industry is in its infancy,
lacking in mature market operation mechan-
isms, and energy service companies generally
have a low level of credit, which means high
costs and risks of soliciting service.”

In conclusion, the hotel will not easily opt for
an ESCO financing mode.

Thus the hotel hopes that the energy retrofit-
ting can be designated as a pilot project by
the government, with funds mainly from
government investment or subsidization, sup-
plemented by a small amount of capital raised
by the company itself.

Characteristics: Applicable to commercial
buildings with high energy consumption with
abundant capital and independent account-
ing. For example, the Shangri-La Group is
highly motivated to renovate and has a strong
financial capacity, while the Howard Johnson
Hotel Wuhan is motivated but lacking funds.

Conclusion: Corresponding financing mechan-
isms should be established.

Energy Management Contracting

The Wushang Asian Trade Plaza Shopping
Center is in the Wuchan District of Wuhan, with
119,660 m2 of building space. The building is
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[2]Wuhan Wuchan Group Co. Ltd. is a State-controlled enterprise, its State-owned assets are currently managed by the State
Asset Regulatory Commission (SARC). Daily business decisions (including energy-saving reforms) are made independently—
the enterprise being responsible for its own profit and loss— therefore a request relating to this issue does not have to be
filed with the SARC .

[3] Here, contract risk means that during the service life of the equipment, the lease contract may expire or be modified.

owned by Wuhan Asian Trade Plaza Co. Ltd.,[ 2]

with floors 1 to 5 and two underground floors
leased to the Wuhan Wushang Group Co. Ltd.
for the Wushang Asian Trade Plaza Shopping
Center. The leased space takes up 60,116 m2,
with 50,000 m2 for business. In 2002, the two
parties signed a leasing contract with a term of
12 years, which stipulates that Wuhan Wushang
Group pays an annual rent of RMB35 million
for the Wuhan Asian Trade Plaza. The current
equipment management and maintenance
responsibilities of Wushang Asian Trade Plaza
Shopping Center are assumed by Wushang
Group’s Property Management Department.

So far, energy-saving renovation measures
have been taken by the installation of energy-
saving bulbs and a cooled water storage
system in the shopping center. As installing
energy-saving bulbs did not require a very
large investment, it was funded by the com-
pany. As for cooled water storage, the ESCO
financing mode was adopted, in partnership
with Beijing PowerU Technology Co. Ltd.
The energy efficiency contract signed by the
two parties stipulates that Beij ing PowerU
Technology is responsible for the investment
in energy-saving renovation, and is entitled
to a certain percentage of benefits from
energy saving. Beijing PowerU Technology is
also responsible for equipment maintenance
should any malfunction arise. Three operators
of cooled water storage equipment are on
the payroll of Beijing PowerU Technology,
with a monthly salary of RMB800 per per-
son, paid for 5 months a year (from June to
October).

The head of the Property Management
Department of the Wushang Asian Trade Plaza
Shopping Center (Wushang Group) comment-
ed that, in considering the investment and con-
tract risks, [ 3] leasers do not normally make
large-scale investments in buildings’ renovation
and energy-consuming equipment, but they
would consider energy retrofitting if the ESCO
financing mode with third-party investment
was adopted.

Characteristics:

• First, effective in renovating energy-consu-
ming systems, while unsuitable for renova-
ting building envelopes, which demands a
long investment recovery period;

• Second, the credit system is immature, with
great difficulty in liabilities financing and high
costs in negotiation.

Property Owners Applying for Bank Loans 

The Wuhan Railway Central Hospital planned
to carry out overall energy retrofitting in
2008. Energy management contracting was
considered for the project. Due to limited
capital, this energy service company planned
to finance with bank loans, targeting trans-
ferred loans from AFD through China
Merchants Bank. During the application pro-
cess, the hospital purchased a set of medical
equipment, which resulted in high liabilities
for the hospital and insufficient credit for a
loan application. Without a guarantee, bank
loans could not be provided in an expeditious
way, and the project was suspended. The hos-
pital is now renewing its efforts to obtain
bank loan approval.



Characteristics: Ideal financing means, but
due to information asymmetry and a lack of
guarantees, loan approval is not easy to gain
since application terms are difficult to meet.

Conclusion: Government policy backing is
needed to provide incentives to commercial
banks.

Market-Oriented Operation under
Government Guidance

In 2006, Harbin initiated energy retrofit pilot
projects for existing buildings at municipal
and district levels. The plan at the municipal
level included 19 buildings along the Airport
Road in a re-roofing project, and the commun-
ity at J ingwei Shierdao Avenue in which
additional stories would be added to the
buildings. The district-level government could
target buildings along main streets to carry
out pilot projects. Renovation projects in-
clude replacing flat rooftops with sloping
roofs, energy-saving renovation, and an over-
all improvement of the communal environ-
ment, with the option of adding a storey or a
penthouse to the buildings. The exterior walls
of residential buildings were renovated for
heat preservation, and windows were also
targeted for energy-saving renovation. The
exterior of the buildings was also cleaned and
renovated for a new look, and staircase walls
were whitewashed. Roadways, green areas
and lighting facilities inside the communities
were improved. As a result, the comfort, exter-
ior,  and energy consumption levels  were
comprehensively improved. The project was
carried out under a market-oriented operation
under the theme “government organizing ,
joint operation at municipal and district levels,
policy guiding , and enterprise participating.”

The renovation project where flat rooftops
were replaced by sloping roofs was funded

jointly by governments at municipal and dis-
trict levels and property-owning units, while
funds for adding a story or a penthouse to
the buildings were collected through market-
oriented operations. Sellable houses built in
the project were sold first to top-floor resid-
ents or residents of the same buildings at
a discount, then sold to outside buyers at
market prices.

Characteristics: 7 percent of buildings could
have a story added, and considering various
factors such as architectural structure, 2 per-
cent of buildings were suitable targets for this
kind of project. The scope was therefore very
limited.

Establishing Special Funds: Special Funds 
for Energy-Saving Renovation of Office
Buildings and Large-Scale Public Buildings

On October 24, 2007, the Ministry of Finance
issued Interim Measures for the Adminis-
tration of Special Funds for Energy-saving
Renovation of Government Office Buildings
and Large-scale Public Buildings (Ref. No. File
[2007], No. 558). The Interim Measures stipul-
ate that “Special Funds for Energy-saving Re-
novation of Government Office Buildings and
Large-scale Public Buildings” refer to funds
allocated by the State financial budget espe-
cially for the purpose of energy retrofitting
government office buildings and large-scale
public buildings. The funds can be utilized in
the following areas. First, expenditure in esta-
blishing buildings’ energy-saving monitoring
systems, including energy consumption moni-
toring platforms (measuring devices and
data networking), energy consumption sta-
tistics collection, energy auditing , and energy
efficiency data publication. Second, costs of
subsidizing interest rates of energy-saving re-
novation of buildings. Third, other expendi-
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ture related to energy retrofits to government
office buildings and large-scale public build-
ings authorized by the Ministry of Finance.
The Interim Measures also specifies applica-
tion and approval procedures of expenditure
in energy-saving monitoring systems of build-
ings, costs of subsidizing interest rates of
energy-saving renovation of buildings, and
other related expenditures. The Interim Mea-
sures also covers the administration of these
funds, but at the moment this is still not in
effect.

Characteristics: Sound experiment, but there
are many issues to be addressed in the oper-
ation process.

4.5.3. Overseas Practices

Experiences from Picardy, France: Property
owners apply for bank loans and the govern-
ment subsidizes interest rates.

Picardy is a region close to Paris (Ile-de-France
region) (the regions are similar in size to
Chinese provinces), with an area of 2 million
hectares and a population of 2 million. The
capital, Amiens, is a relatively small city, with a
population of 130,000. In 2004, when Picardy
began energy retrofitting residential buildings,
the Picardy government adopted direct fund-
ing as the financing means, i.e. it allocated
at least €1,000 for energy retrofitting per
property. Its finances were soon depleted
from this appropriation of funds, and renova-
tion progress was slow. As a result, along with
the local office of ADEME, the Picardy go-
vernment opted for an energy retrofitting
financing mode in which small amounts of
public funds were injected to promote large-
scale social investment. 

Financing methods: The Picardy government,
the European Union and the ADEME subsi-
dized interest payments; Bungua Salfea, Domo
Finance and the Minsheng Bank provided
loans. Agreements signed by the Picardy
government with these 3 banks stipulated
that the 3 banks provide loans for energy
retrofitting , while the Picardy government
paid the interest and property owners only
repaid the principal on the loans.

The Picardy government prescribed that a
loan amount of €5,000, with a maximum of
€6,500, could be solicited for a property, with
a loan term of 7 years. Energy retrofitting
projects that used renewable energy were
further provided with incentives. For example,
in the case of using terrestrial heat, interest-
free loans could be applied for (but using
underground water was not recommended);
in the case of using wood-based boilers, the
loan amount could be raised to €20,000
with an extended loan term; in the case of
using solar energy for heating water, subsidies
at €230 per m2 were provided in full. It is
estimated that using solar energy for heating
water can reduce energy use by 5 percent.

The Picardy government conducted a survey
on the energy-saving potential and loan
repayment ability of property owners. They
found that for an ordinary detached property
with building space of 100 m2, if the building
envelopes are of low heat insulation levels,
an annual amount of €1,500 would be spent
on heating. At an energy-saving rate of 30
percent, €1,500 to €2,000 are needed for
renovation, and with energy consumption re-
duction at €375 to €400 a year, investment
could be fully recovered in 7.5 years to pay off
the loan.



Home-owners can apply for interest-free
loans and repay in installments. A tax credit
is also applicable, as 40 percent of personal
taxes can be exempted by purchasing energy-
saving materials.

The new energy-saving renovation financing
mechanism has been in effect for more than
2 years. During the first year, more than 500
houses underwent this renovation. Today,
financing channels for residential buildings are
fully open, and residents actively participate
in loan applications for renovating their homes.

The implementation of energy-saving reno-
vation for residential buildings in Picardy has
spurred other industries on to develop. For
example, enterprises specializing in design,
construction, quality supervision, and con-
struction material manufacturing have been
drawn to Picardy, which brings revenues (such
as the tax on corporate personnel training)
for the government. The Picardy government
takes these opportunities to boost the devel-
opment of local industries. For example, it
encourages using solar energy and offers
€230 per m2 of subsidy for installing solar
energy water heaters in order to assist the
expansion of the solar energy water heater
market within the construction industry. This
market has taken shape, and the government
plans to cut the subsidization standard by half
and, in the future, cancel it if the market is
mature enough.

Considering the economic effects of the
financial budget, providing funds at subsidi-
zed rates is 5 to 8 times more effective than
directly appropriating funds.

Energy Retrofitting of Public Buildings in
Berlin: Energy efficiency contracting is adop-
ted and the government does not contribute
anything.

In this type of project, public buildings or
public building complexes sign energy service
contracts with energy service companies.
Energy service companies (ESCOs) are res-
ponsible for a series of services, provide con-
struction technology, and bear the risks of
project implementation. In the project, an
energy institution (Berlin Energy Agency)
plays a role in assisting public institutions by
collecting data, negotiating with ESCOs, and
following up on project progress.

Investment comes from ESCOs or third-party
financial institutions, and is recovered by a
reduction of energy consumption.

Energy efficiency contracting is a new financ-
ing mechanism in which investment in ener-
gy retrofitting is recovered by the costs saved
from the reduction of energy consumption.
Contracts signed by ESCOs and clients norm-
ally fix a certain energy-saving rate. This kind
of mechanism enables clients to reap benefits
from saving energy without increasing initial
investment, as investment in energy retro-
fitting (energy auditing , feasibility research,
and investment) is made by the ESCOs, and is
recovered by sharing the benefits of the
clients’ consumption reductions. Meanwhile,
in this kind of mechanism, the clients only
have to deal with the other party of the
contract in the whole process of project im-
plementation (including auditing , financing ,
constructing , and operating), which lowers
transaction costs to a large extent.

In Germany, many energy efficiency contrac-
ting projects have been carried out in Berlin.
Between 1995 and 2001, 318 public buildings
in Berlin were divided into 12 groups and each
of these signed energy efficiency contracts
with private investment institutions that
promised an average energy-saving rate of
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23 percent. Investments totaled €24 million,
and public institutions saved €1.7 million each
year, while contractors reaped €5.9 million
from the reduction in energy consumption
each year. In the Berlin case, the Berlin Energy
Agency played an important role in coordi-
nating the activities of public administrative
departments and ESCOs. It assisted the
municipal government in the work, from
project bidding to contract execution and
supervision. 

4.5.4. Conclusion

Renovation of single or separate projects can
be guaranteed, but financing mechanisms
must be established to support long-term,
large-scale energy-saving projects for existing
buildings.



4.6.1. The Content and Significance 
of Energy Efficiency Retrofitting 
of Existing Buildings

Content

The aim of energy efficiency building is to
implement energy efficiency standards and
policies during the building design, construc-
tion, and use phases. This means using energy-
efficient building materials,  tools and pro-
ducts, and raising the thermal insulation and
air-tight properties of buildings in order to
increase the operating efficiency of heating
and air-conditioning systems, and reduce
energy-consuming activities.  According to
internationally used definitions, energy effi-
ciency building covers energy consumption
in civil buildings during post-construction use,
most importantly including consumption of
energy resources for heating , ventilation, air-
conditioning , lighting , electrical appliances,

power, cooking , elevators,  water drainage
and water heating. Energy efficiency building
mainly includes the two areas of energy effi-
ciency in new buildings and energy efficiency
retrofitting of existing buildings. 

Energy efficiency retrofitting of existing build-
ings refers to the reduction of energy-consu-
ming activities per unit area of existing build-
ings. This is carried out through the retrofitting
of existing building envelopes and energy-
using equipment on the basis of energy audits.
Currently, most retrofit plans mainly cover
improvements to the energy efficiency of areas
such as building envelopes, windows, roofs,
and energy-using equipment. Some retrofit
plans have already reached a mature level in
terms of techniques and technology, but in
reality they are often hard to realize during
the operation process due to system and
funding issues.
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[4]Overall energy efficiency retrofitting includes retrofits to building envelopes and energy-using systems, etc.

Characteristics

Energy efficiency retrofitting of existing build-
ings possesses positive externalities. The ex-
ternalities lie in people's self-interest and the
public nature of society, as value is realized
through the combined help of people or
groups. The public environment and public
resources are non-exclusive, which determ-
ines the degree of free nature of their use,
therefore causing externalities. During the
process of energy efficiency retrofitting , the
self-interest motivated behavior of carrying
out retrofits and investment in retrofits of
customers or enterprises does not only reward
individuals and proprietors with a certain level
of benefits (increased comfort and energy-
saving benefits), but also results in a positive
effect for society. Energy efficiency building
reduces the energy use of society as a whole
and also reduces air pollution, so that other
people in the surrounding area will also
receive some environmental benefits. In addi-
tion to this, it also drives the development
of energy efficiency related industries, and
advances the development of the economy.
However, despite the social benefits, people
who have not adopted energy efficiency
methods will also receive the benefits and
therefore, at the moment, the future social
benefits of energy-efficient behavior are
greater than the individual rewards for the
parties involved. Therefore, positive exter-
nalities exist in the energy efficiency build-
ing activities of customers and enterprises.

In the field of energy efficiency building , the
expected investment income of customers is
less than the increase of investment input.
Moreover,  the increase of investment in
energy efficiency is inevitably less than the

comprehensive benefits to society, such as the
reduction of energy consumption in build-
ings, improvement of environmental quality
and contribution to economic growth. There-
fore, if the cost of investment in energy effi-
ciency retrofitting [ 4] is to be fully covered by
the main building users themselves, according
to current energy price levels, it would take at
least 5 to 8 years to recover the costs.  Such a
long period of return on investment is funda-
mentally unattractive to customers. Some
commercial buildings have carried out energy
efficiency retrofits of energy-using equip-
ment, but mainly in cases where the econom-
ic motivations were driven by the incentive of
fast returns.

From an overall perspective, the work of
energy efficiency building in China is currently
still in its infancy. There is an insufficient sup-
ply of high quality technology, materials and
products, and energy efficiency building capa-
bilities are lagging behind. In the past, energy
efficiency in buildings has been driven solely
by the self-motivation of developers and
consumers in conjunction with obligatory
standards and this has not produced substan-
tial results. The fundamental reason for this
is that there is “market failure” in the field of
energy efficiency building. Practice has proven
that this field cannot develop spontaneously,
but must first have the intervention of the
government, through national laws, to make
clear regulations for energy efficiency building. 

The externalities of energy efficiency building
do not only have an effect on other people in
the areas surrounding projects, but also con-
tinue to effect people for generations. The
main energy sources used by mankind are



non-renewable resources such as coal, oil and
natural gas. These non-renewable resources
can produce serious environmental pollution,
and there will be a day when they dry up.
Therefore, the use of resources without plan-
ning and consideration of future consequen-
ces will have serious effects on the sustainable
development of the next generation. Accord-
ing to the experience of developed nations,
the proportion of energy directly consumed
by bui ldings wi l l  reach about 35% of the
energy consumption of society as a whole.This
will result in a heavy energy burden on society
and cause serious environmental pollution. 

In conclusion, the existence of externalities
can lead to market failure in the field of ener-
gy efficiency building , and the market's allo-
cation of energy-efficient and non-energy-
efficient building will not be able to reach an
optimum level for society.

The Significance of Energy Efficiency
Retrofitting of Existing Buildings

The Relation of Energy Efficiency
Retrofitting to the Security of National
Energy Resources

China has relatively low energy resources,
particularly when compared to the energy
resources in other major nations of the world.
The country’s resources are not only lower
than developed nations such as the USA and
Japan, but lower than those of other develop-
ing nations such as Brazil and India. Energy
inefficient technology not only wastes large
amounts of resources, but also contributes
considerably to environmental pollution.

Energy consumption in Hubei province,
for example, has risen from year to year
(although electricity use in construction [ 5]

in the province only rose by 13.48% during
the 2002–2007 period). By the end of 2007,
energy consumption was 6.74 times higher
than energy output, turning Hubei Province
into a prime example of a large province
that is energy deficient (Figure 68).
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China is currently undergoing rapid industrial-
ization and urbanization; international ex-
perience has shown this to be a stage of high
energy consumption. China not only faces in-
sufficient energy resources, but the country
has accepted industry transfers in the last
two years from developed nations, thereby
increasing the pressure on domestic resour-
ces. Therefore, in promoting energy efficien-
cy building against the background of energy
resource shortages in China, the advance-
ment of energy efficiency retrofitting of exist-
ing buildings would have very real signifi-
cance. It is an important measure that would
mitigate energy security issues in China. 

Energy Efficiency Retrofitting is Beneficial 
to Environmental Protection

Air pollution does not only come from indus-
trial waste gases, but also from fossil fuel-fired
heating in winter. In recent years, sulfur dioxide
and smoke emissions in China have increased
from year to year, residential-related emissions
accounting for 16.14% of sulfur dioxide emis-
sions, and 19.87% of smoke and dust emis-
sions.  Air quality in the 16 largest cities in China
has reached or been above Level 2 standard on
an average of 307 days per year, with Wuhan
City dropping below average at 273 days.

In extreme weather areas with hot summers
and harsh winters, the energy consumed by
air-conditioning in the summer not only cre-
ates pol lution,  but the heat emitted also
increases the urban heat island effect. For
example, the urban heat island effect has made
the average air temperature of the center of
Wuhan 1.8 o to 2 o�C higher than the outskirts
of the city.  In the summer, the temperature of
certain areas in the city center can at times be
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5.9 o�C [ 6] higher than areas outside the center.
The urban heat island effect combined with
exhaust emissions cause serious damage to
the environment. Improving the energy effi-
ciency of buildings will reduce energy usage,
pol lut ion and the urban heat island effect,
and will improve the outdoor environment.
This is an outstanding achievement. 

The Benefits of Energy Efficiency
Retrofitting for Living Standards

The energy efficiency standards for the build-
ing envelopes of existing buildings in China
are very low compared to those in areas with
a similar climate in developed nations. The
average thermal insulation standard is only a
half or a quarter of the standard at similar lati-
tudes in northern Europe. When comparing
the heat current transfer coefficient of 50%
of civil buildings in China set by energy effi-
ciency design standards with that of devel-
oped nations, buildings in China that have
strictly enforced the energy efficiency design
standards are still a certain degree behind
those of developed nations. This results in a
very low level of comfort in China's existing
residential buildings and poor living condi-
tions.  Energy efficiency retrofitting of existing
buildings will raise efficiency, and lower the
total level of energy consumption of society,
contributing to the nation's energy security.
In addition, it will also improve living condi-
tions and raise comfort levels.

Wuhan City is located in the middle of the
Yangtze River Delta, and has harsh winters
and hot summers, but it is not an area with
heating. The climate is characteristically hot in
summer with high temperatures and high
humidity, and the winter is generally cloudy



with few sunny days and a high level of mois-
ture. In the winter, there is an obvious cold
lake effect, which makes it feel colder than
other areas with a harsher winter.  In the winter
it is like living in an ice cave, and the summer is
like being inside a steamer.  The city has very
low comfort levels for long-term residents.
Wuhan's monthly average relative humidity
is higher than comfortable air-conditioning
target levels (40%-65%). Only in the months
of April, September and October is the
average relative humidity within comfortable
air-conditioning target levels of 18 o to 24 oC
in winter, and 22 o to 28 o C in summer. [ 7]

Although the use of air-conditioning has con-
tinued to increase in conjunction with the rise
in people's income levels, residents’ thermal
comfort conditions are still poor in comparison
with other regions and other nations.  Hubei
Province’s building stock is mainly made
up of existing buildings.  At the end of 2007,
there were 757,841,300 m2 of structural build-
ings in the province’s cities and towns, of which
65.15% were residential. In the Wuhan City
urban area, structural buildings accounted
for 191,505,800 m2, of which 59.28% were
residential. Ninety percent of existing build-
ings are high energy consumers, and it is
clear that this building stock requires energy
efficiency retrofitting to reduce energy con-
sumption and raise living standards.

Advancing the Sustainable Development 
and Technology of the Building Industry

The energy efficiency building industry im-
pacts the work and lives of everyone in the
modern-day world. Since the fossil fuel re-
sources we use today are finite, our long-term
energy efficiency behavior is a vital contribut-
ing factor. Energy efficiency building includes

two key parts: the innovation of building
materials to strengthen the thermal insulation
capability of building envelopes; and saving
energy in energy-use systems. The main insuf-
ficiencies in energy efficiency technology in
China can be seen in the failure of an econo-
mic, usable and reliable technology system to
reach energy-saving standards.  For example, in
the area of renewable energy buildings, there
are a number of problems: there is a lack of
core technologies with their own indepen-
dent intellectual property rights; in terms of
technology there are still deficiencies in the
areas of reliable, effective, low-energy con-
sumption heating and air-conditioning , heat
measuring techniques, variable flow pipe
network distribution and other energy relat-
ed technologies, as these still do not meet
the energy efficiency requirements for build-
ings. In terms of building envelopes, econo-
mic, safe, energy-efficient, long-lasting wall
structure building materials still need contin-
ued research and development, etc. 

Driving Industry Development 
and Encouraging Domestic Demand

There is a high degree of correlation and a
long industry supply chain between the build-
ing industry and other industries, which can
spur on the development of tens of other
industries.  Energy efficiency in buildings helps
drive the development of related industries
and the sustainable development of the econ-
omy, and will hugely promote the develop-
ment and use of new energies in buildings. It
will also promote energy-efficient technolo-
gies and the use and development of energy-
saving products, thereby providing consider-
able business opportunities to the market and
spurring on industrialization. These business
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opportunities mainly include: thermal insula-
tion wall structure materials, energy-saving
windows, doors and glass curtain walls, exter-
ior shades, green lighting , variable-frequency
equipment, automatic control systems, heat
pump hot water systems, solar-powered hot
water, heating and refrigeration systems, and
solar-powered electricity generators, etc.
These business opportunities will be able to
drive structural adjustments and technology
upgrades for the whole building industry, the
building materials industry, and the real estate
industry.  They will create job opportunities,
increase domestic demand, ensure growth,
and create new areas of profit for the nation's
economy. According to a report on energy
trends published by the State Statistics
Bureau, the scale of the energy service indus-
try in 2007 had reached RMB7 billion.[ 8]

Therefore, energy efficiency building will
contribute to the sustainable development of
China’s building industry.  

Driving scientific development and construct-
ing Wuhan are two key issues that can be
significantly addressed by energy efficiency
retrofitting. Its significance is far reaching , and
will produce incalculable benefits for the
economy, society and the environment.

4.6.2. Funding Difficulties for Energy 
Efficiency Retrofitting of Existing
Buildings and Causal Analysis.

Funding Difficulties

According to the construction expert, Prof-
essor Tu Fengxiang , currently in China about
43,000 m2 of existing buildings are funda-
mentally not energy-efficient. For the build-
ings to meet energy efficiency requirements,

they need to be retrofitted in the following
areas: building envelope and window renova-
tion, provision of sun shades, roof renova-
tion, and the replacement of energy-efficient
equipment. 

Funding Supply and Demand Conflicts

“Before 2020, China will reduce energy con-
sumption in buildings by about 350 million
metric tons of carbon equivalent, of which a
target of 110 million tons should be reached
during the 11th Five-Year Plan”, Minister Chou
Baoxing from the Ministry of Construction
pointed out. He also added that “energy effi-
ciency retrofitting of existing buildings needs
a minimum investment of RMB1.5 trillion”.
This is a huge funding project.  Following the
principle of “whoever benefits should invest”,
the property rights holders and the users of
the properties should be the main investment
group for the energy efficiency retrofitting of
existing buildings.  According to the State-ini-
tiated principle of “whoever benefits should
invest”, construction enterprises or building
users should bear the large part of the cost
of investment. However, there is an obvious
conflict between the funding needs to renov-
ate existing buildings and the investment
wishes of the main investment groups.  Accord-
ing to statistics from the Ministry of Con-
struction's “Building Energy Efficiency Survey”
published in 2005, residents have the follow-
ing attitude to the energy efficiency retro-
fitting of existing buildings: 58% were very
willing , 8% unwilling , 15% would decide after
seeing energy efficiency results, 19% would
decide based on seeing government policy.
Regarding the costs of retrofitting , 6% were
willing to pay over 20% of the cost, 74% were
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willing to pay up to 10%, and 20% were willing
to pay 10-20% of the cost.  In the case of public
owners of existing buildings, the figures were
as follows: 43% were willing to pay RMB200
or more per square meter, 36% were willing
to pay up to RMB100 per square meter, and
21% were willing to pay RMB100-200 per m2.
Looking at individual cities, there is also a
very noticeable conflict between the needs
of retrofitting investment for existing build-
ings and investment attitudes. For example
in Wuhan, a city of hot summers and harsh
winters, 160 million m2 of existing buildings
are non-energy-efficient. According to expert
predictions, building envelope retrofits alone
(not including energy-use system retrofits),
would cost about RMB200 per m2 to reach a
30% energy-efficient result. This would require
a total investment of over RMB300 billion.
In 2008, Wuhan city’s fiscal revenue was
RMB791 billion so it is clear the budget will
not meet funding requirements. Further-
more, fiscal budget allocations do not cover
energy efficiency programs. 

The research group carried out a survey in
December 2007, in which they randomly
questioned 100 residents and 50 public wel-
fare and commercial public construction
enterprises. The results revealed that if resid-
ents do not have to bear any of the costs, 100
of them would support renovation work.
Residents who were willing to bear only part
of the cost accounted for 83%, and 17% of
users were not willing to pay the costs individ-
ually (as a family). The public building survey
was completed by managers with decision-
making authority. The results showed that
48% of commercial public building proper-
ty owners or users thought that energy
efficiency retrofits should be carried out, 38%
were not sure if energy-saving methods

should be used, 14% would depend on gov-
ernment policy, 5% thought that renovation
costs could be paid independently, 77% were
willing to use energy contract management
methods to carry out renovations, and 18%
were not willing to bear the costs. In buildings
with multiple proprietors, many enterprises
would wait to see the results of decisions of
other main groups and then decide (in one
building on average 63% of enterprises had a
wait-and-see attitude). In public welfare build-
ings, 76% of users thought that energy-saving
methods should be used, however since the
units’ funds are allocated by the finance
department they have very little decision-
making control over allocating funds for
retrofitting , and are reliant on the upper levels
making a decision. The places in Wuhan city
that have gone through energy service com-
panies (ESCOs) and energy contract manage-
ment methods to pool funds to implement
the process of energy efficiency retrofitting
are mostly profit-driven commercial centers
or hotels.  However they are few in number,
not more than 20 at the current date, and
their retrofitting projects have been limited to
energy-use system retrofits and light sources.

Single Finance Channels Lack Effective
Methods of Implementation.

Finance channels generally include business
owners' self-raised funds, government fund-
ing , and market funding. Under current prac-
tices in China, funding mainly comes from the
government, through subsidies, discounts and
incentives, and in most cases it involves a sin-
gle demonstrative project. Another way is to
apply for loans from commercial banks, but
these are limited.  Banks only extend loans to
projects where calculable energy savings can
be achieved. International investors are keen
to inject capital into the energy efficiency
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market, but only a small part of it can be
effectively used in the energy eff iciency
retrofitting of existing buildings.  Mainly these
funding methods are successful with one-off
projects, and cannot be extended to the
majority of other green renovation projects.

An Analysis of the Reasons 
for Funding Difficulties

The High Cost of Energy Efficiency 
Investment Opportunities, 
and Long Periods of Investment Return

As energy resources in China are decoupled
from energy market fluctuations, costs have
been kept comparatively low. Therefore, when
comparing profits from traditional prod-
uction investment with the profits genera-
ted by energy efficiency building retrofits
these appear low as well as slow, due to the
unique characteristics of the use of energy in
buildings.  Therefore, the opportunity cost is re-
latively high, and the return period on invest-
ment is relatively long. According to current
figures, in China the average living space per
person is 28 m2 with the average household
being composed of 3 people. The average
family dwelling measures 84 m2. Taking the
calculated cost of RMB200 per m2 for the
energy efficiency retrofitting of existing build-
ings in Wuhan city, for a normal family the
input cost would be RMB16,800.  Currently in
Wuhan city, the cost of electricity for resi-
dents is RMB0.573 per kWh.  For an equivalent
consumption of 29,319 units of electricity,
existing non-energy-efficient buildings would
on average consume 200 units of electricity
more per month, so that the cost of renova-
tion would cover the cost of 12 years of elec-
tricity.  Taking the example of energy efficiency

retrofits to Hubei Province Education Offices,
if comprehensive renovations are carried out
on areas such as external walls, lighting sys-
tems, air-conditioning and elevators (so that
the retrofitted building will satisfy Public
Building Energy Conservation Design Stan-
dards GB50189-2005), with a target of 50%
energy efficiency, the whole process of retro-
fitting would require a capital investment of
about RMB3.2 million, calculated according to
current electricity fees of RMB0.93 per kWh,
the equivalent of 3,449,860 electricity units.
If this building does not carry out the retrofit
project,  it  wil l  consume an extra 406,615
electricity units per year, of which the cost of
renovation is enough to pay the cost of 8.4
years of electricity.[ 9] It is clear that the cost
of investment opportunities for the energy
efficiency retrofitting of existing buildings and
the periods of investment return are not
attractive for investors resulting in insufficient
investment interest.

Irrational Cost-Sharing Mechanisms

The energy efficiency retrofit sector possess-
es economic externalities. As a public prod-
uct where multiple parties share the benefits,
according to the market trading principle that
whoever benefits should invest, the cost
should be shared among the parties who
benefit.  But in reality, energy efficiency retro-
fitting to existing buildings only possesses
shared benefits, and lacks a system for sharing
the costs. The main part of the investment
activity creates an energy-saving result by
replacing energy-inefficient building materials
with energy-efficient ones. This not only prov-
ides benefits for the investment parties
involved by boosting energy efficiency and
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• The Legacy of Housing Reform  

Under the current housing system in China,
there are still a large number of properties
established under housing reform. According
to the regulations governing these houses,
the personnel only have property rights to
the inside of their housing. The corridors and
stairs are collectively owned by the work unit.
According to the principles of demarcation of
responsibilities under property rights, person-
nel are responsible for the cost of energy
renovations in the interior part of the hous-
ing , and the work unit should bear the cost
of the renovation of the public part of the
building. According to the principle of who-
ever benefits invests, the main party that
directly benefits from renovations are the
personnel. Therefore, the cost of renovation
of the public part of the building easily leads
to conflict.  

• The Problem of Rental Properties  

In terms of rental properties there is also con-
flict between the letting parties and tenants.
Proprietors invest in the energy renovation of
the housing , which can improve the thermal
capability of the housing , increasing its usage
value, thus increasing the rental value of the
property. The letting parties of the properties
will reap the benefits of renovation, and there-
fore should bear the costs.  However, after the
letting parties and tenants have signed a rental
contract, the benefit to the letting party has
already reached its optimum value, if they then
carry out energy-efficient investments they
will have to reduce their profits. Also, rent will
increase, possibly reducing the rental capacity
of the property for the letting party. During
the period that the tenant is renting the
property and investing in the energy retro-
fitting , they will save energy and improve the
thermal comfort of the housing , but there

raising comfort levels, but the process also
reduces energy consumption and air pollu-
tion for society and drives the development
of related industries. It will  increase work
opportunities for society and advance the
nation's economic development, thereby
benefiting the government and society as a
whole.  Also, according to expert predictions,
every kilowatt of energy saved will reduce
investment in energy production supply by
RMB9,200.  In addition to this, because of the
marked highs and lows of electricity and
natural gas supply in China, energy efficiency
construction methods can effectively allev-
iate this issue and reduce operational costs,
benefiting energy suppliers. Therefore, from
the perspective of an analysis of the whole
energy supply chain (from energy production
to use to supervision), energy efficiency in
existing buildings can benefit the whole sys-
tem, not just the energy end-users (i.e. the
buildings’ users) but also the government and
energy production suppliers. However, the
current system of division of costs is not
designed from the perspective of the parties
who benefit from the whole energy flow,
and has lost rationality.

Additional reasons for the difficulties of
sharing investment costs also include prob-
lems in calculating the quantity of energy
used and the quantity saved. Currently, the
methods of calculating energy consumption,
the calculation equipment, and the reliability
of calculation results in China are still not able
to satisfy the needs of energy management.
For example, because central heating in build-
ings is centrally metered, it is difficult to indiv-
idually calculate the energy savings of each
property owner.  
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they have therefore been unable to pass a
decision to carry out a retrofitting project. 

The Weakness of the Energy 
Services Market

Specialized energy services are an effective
method and channel for solving funding
issues. Outside of China, the energy service
industry has developed an energy contract
management system whereby energy service
companies apply for loans from banks to meet
the funding needs of renovation projects,
and specialized leasing companies address
the funding needs of large scale equipment
procurement, creating the perfect funding
management system. The development of
the energy service industry in China is lagging
behind; it is in its infancy, small-scale and
low standard. The companies on the market
do not have the experience or capability to
implement energy services according to a con-
tract energy management system, and the
industry has not established a means of meet-
ing the increasingly pressing financing needs
of implementing energy efficiency measures.
For example, the three pilot energy service
companies in Beijing , Liaoning and Shandong,
supported by the World Bank/Global Environ-
ment Facility Fund for China Energy Conser-
vation Advancement, established in 1996,
have now been running for over 10 years.
After using loans from the World Bank and
international organizations, their survival and
development has been challenged as access
to finance is not easy and there is competition
for funds. The energy service market in Hubei
Province started even later, establishing the
Hubei Rich States Industry Investment Co. Ltd.
in 1999. By the end of 2008, this had devel-
oped into seven energy service enterprises.
Most of them promote a single technology
(product), and there are not many that can
provide comprehensive energy services.

exists the problem of positive externalities,
and a problem of a loss of investment for the
party bearing the costs.

The Conflict of Diversification 
of Property Rights Holders 
and Renovation Process Integration

Currently, housing in China, particularly urban
housing stock, is mainly located in apartment
buildings, and the existence of a variety of
property rights is very common. Commercial
and office buildings with diverse property
rights holders are also very common, such as
Ruitong Square in Wuhan, the Wuhan Mun-
icipal Bureau of Land Resources and Hous-
ing Management Building, and the Wuhan
Science and Technology Bureau Building. The
diverse nature of building property rights has
decentralized the decision-making powers in
terms of retrofitting investments, so it is not
easy to make a united investment decision. In
December 2007, the research group randomly
chose 10 high-rise apartment buildings in
Wuhan to survey the attitudes of residents
towards energy efficiency retrofits. The survey
produced the following results: in one build-
ing , 63% of residents were indecisive, 17%
were in favor and 20% were not in favor of
retrofits. In addition to this, in order to initiate
the energy retrofitting project, raise funds,
invest in energy efficiency services and carry
out the renovation, the whole building needs
to unite unanimously behind the project. The
conflict between the diversified investment
intentions of property rights owners of exist-
ing buildings and the unified nature of the
renovation project can easily create a “hitch-
hiking” phenomenon. For example, due to the
complex property rights structure of the
Wuhan Science and Technology Bureau
Building , it is very difficult for the different
rights holders to unite behind a decision and
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Performance and Quality Risks

Energy efficiency retrofit projects of existing
buildings need very mature and workable
technologies and products to support them.
Currently in China there are several problems
in this area, such as the fact that the energy
efficiency building industry has had a relativ-
ely late start, that the overall standard of
technology is not high enough, that innova-
tion is relatively weak, and that there is low
public confidence in the product technology.
Such problems mean that the key parties
involved, including developers, business own-
ers and guarantee agencies, all take on a cer-
tain level of risk for the quality, effectiveness
and lifespan of existing building energy
retrofits. Existing buildings are the product of
different generations, and all have very differ-
ent structures, levels of quality, geographical
conditions, and climates. There are also many
differences in owner preferences and a di-
verse range of energy efficiency retrofitting
evaluation approaches, so there is a high level
of uncertainty in this field. 

Due to a lack of data and significant pilot proj-
ects, there is no way for business owners to
have a clear view of the quality, effectiveness,
benefits, or increased thermal comfort levels
of retrofitting work on existing buildings. All
of these factors undermine decision-making
and influence potential stakeholders’ motiva-
tion to invest.

4.6.3. The Challenges of Financing 
the Energy Efficiency 
Retrofitting of Existing Buildings

Insufficient Supply of Effective Mechanisms

The People's Republic of China Renewable
Energy Law, implemented on January 1, 2006,
and the Energy Conservation Law of the
People's Republic of China, revised in 2008,

Faults in the Finance Market 
Support Mechanism

China's four State-owned commercial banks
and 12 joint-stock commercial banks are rela-
tively large banks. According to the current
financial operating mechanism, loans are
mainly given to large-scale enterprises. When
compared with large-scale enterprises, the
loan amounts for energy service enterprises
are not high, so the per unit operating costs
and supervision fees of bank loans are high.
As bank loan work units’ operating and
supervision costs are high, these types of
loans are therefore not profitable enough for
commercial banks. The energy service indus-
try is hampered for various reasons: low level
assets, low quality standards, low credit rat-
ings, insufficient credit and loan conditions,
and difficulty fulfilling commercial banks’
security regulations and, therefore, an inability
to use assets to guarantee loans from com-
mercial banks. Energy efficiency retrofitting of
existing buildings concerns small individual
technological projects, so the scale of invest-
ment is not that big , and various different
types of projects mean that the strength of
specialization is diluted. Therefore, project
evaluation methods are difficult to reproduce
and banks cannot build on experience gained
from investing in other energy efficiency pro-
jects. With no learning curve to speak of, the
costs of getting involved in the industry are
high (project evaluation, assessment, approval
and supervision) and therefore economies of
scale do not apply. When there is not enough
competition in the loan market, and banks
make the final decisions, it is very difficult for
energy service companies to get access to
finance through bank loans.
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currently the most recent significant legal
basis for developing financing methods for
energy efficiency retrofitting of existing build-
ings. However, although in principle the text
sets out clear demands, at the implementation
stage it is clear that obstacles are numerous.

In reality, if the cost of energy efficiency retro-
fitting national agency office buildings is com-
pletely incorporated into the financial budget
of the relevant agency, and the cost of retro-
fitting buildings used for public benefit is to
be shared by the government and the prop-
erty owners, this will create a huge financing
gap. This will inevitably affect the comprehen-
sive implementation of energy efficiency
retrofits to existing buildings. According to
the studies carried out by the research group,
systematic arrangements are needed to
enable the transfer of benefits and capital
from society to the individuals carrying out
retrofits. This is an effective process for intern-
alizing the externalities of the field of energy
efficiency building , and it has the power to
stimulate and direct a large proportion of
society's capital into the energy retrofitting
field. This kind of policy would impact con-
siderably on changing financing patterns.
However, the Chinese government has not
as yet implemented these kinds of policies.
Regarding the retrofitting of residential build-
ings, in 2007, the Ministry of Finance intro-
duced Finance Incentives for Heat Metering
and Energy Efficiency Retrofits of Existing
Residential Buildings of Heating Zones in
North China. These incentives are aimed at
encouraging energy efficiency retrofits and
heating metering in existing residential build-
ings in heating zones in north China; however
the incentives are not adapted to southern
China or to public buildings. Due to a lack of
effective mechanisms, it is difficult to create a
highly effective financing system. The expe-

have not set out any clear provisions for
energy efficiency retrofitting of existing build-
ings. Chapter 3, Article 30 of the Regulations
on Energy Conservation of Civil Buildings
implemented on October 1, 2008, states that
the energy efficiency retrofitting costs of
national organs’ offices should be incorpora-
ted into the finance budgets of county-level
governments or above. The cost of energy
efficiency retrofitting of public buildings used
for education, science, cultural, health, sports
and residential purposes, should be shared
between the government and the property
owners. The State is encouraging society to
invest in energy efficiency retrofitting of
existing buildings. The Energy Conservation
Regulation for State-Funded Institutions
implemented on October 1, 2008, provided
clear provisions for the energy-saving work
of public agencies. It stipulates that the mana-
gement systems of the State Council and
local government organs above county level
should join together with related depart-
ments of a similar level to draw up energy
consumption quotas according to the com-
bined energy consumption levels and features
of public organs in the different industries
and systems under their jurisdiction. Financial
departments should then decide expenditure
levels for energy consumption based on those
quotas. At a local level, in March this year,
Hubei Province issued Regulations on Energy
Conservation of Civil  Buildings in Hubei
Province, in which Chapter 2, Article 3 states
that the People's government at levels higher
than county level should draw up preferential
policies to encourage society to use capital in
various ways to invest in energy efficiency
retrofitting of existing buildings, and to provide
energy efficiency building services. Investors
then have the right to a share in the benefits
of retrofits according to agreed terms. This is



rience of different countries in the area of
energy efficiency in buildings shows that a
comprehensive use of financial incentives, tax
breaks, and special funds in order to diversify
financing , can effectively increase financing
channels for energy efficiency retrofits. For
example, Japan has introduced tax benefits for
different types of energy-efficient equipment
from a catalogue of energy-efficient products,
which provides tax deductions of 7% of the
total cost of equipment, to encourage the use
of highly effective energy-efficient products
in buildings. Countries such as Denmark,
Finland, Korea and Poland have provided
financial incentives for energy efficiency retro-
fits to existing buildings. France and the USA
have implemented measures to accelerate
the depreciation of parts of energy efficiency
equipment, and tax deductions to encourage
the use of energy efficiency products to raise
energy efficiency.

Current price levels coupled with lack of stim-
uli have created an environment that motiv-
ates neither businesses nor residents to
carry out retrofitting work. In addition, be-
cause of a lack of incentives, it is also very hard
for other investment bodies to find good
reasons to provide investment. This means
that the few powerful developers that dare to
be innovative and far-sighted and that are
actively trying to explore new methods will
often give up after a short period.

The Lack of a Support System 
for the Development of the Energy
Efficiency Industry 

The energy efficiency industry includes ener-
gy service industries and energy-efficient
material manufacturers. The development of
the energy service industry in China is lagging
behind; it is in its infancy, small-scale and low
standard. The companies on the market do

not have the experience or capability to im-
plement energy services according to a con-
tract energy management system. It cannot
satisfy the increasingly pressing demands of
energy efficiency financing and technology
supply. The energy service industry is hamp-
ered for various reasons: low level assets, low
quality standards, low credit ratings, insuffi-
cient credit and loan conditions, difficulty in
fulfilling commercial banks’ security regul-
ations and, therefore, an inability to use assets
to guarantee loans from commercial banks.
Energy efficiency retrofitting of existing build-
ings concerns small individual technological
projects, so the scale of investment is not that
big , and various different types of projects
means that the strength of specialization is
diluted. Therefore, project evaluation meth-
ods are difficult to reproduce and banks
cannot build on experience gained from
investing in other energy efficiency projects.
With no learning curve to speak of, the costs
of getting involved in the industry are high
(project evaluation, assessment, approval and
supervision) and therefore economies of
scale do not apply. Because of this difficulty in
getting bank loans, and the high level of pres-
sure on funding , there are significant challen-
ges to the survival  and development of
energy service companies.

The key production sectors in this field in-
clude the manufactures of energy-efficient
products and manufacturers of new energy-
efficient materials. On the one hand, because
the cost of production of energy-efficient
products is higher than ordinary products —
in some cases considerably higher — a price
disadvantage exists when the products reach
the market. Furthermore, product perform-
ance is not well known to consumers who are
already wary due to the high quantities of
fake or poor quality products on the market,
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and all these factors are detrimental to the
free circulation of these kinds of products. 

The initial development phase of the energy
efficiency market can particularly benefit
from the support of government policy.
There is even more need to increase the stim-
ulus of preferential policies when consumer
demand is not a driving force. For example,
funding allocation support policies, policies
for establishing appropriate security systems,
policies for reducing the production costs of
energy efficiency products, and policies sup-
porting the enlargement of the industry's
share in the market, are needed to help create
mechanisms for increasing returns to scale as
soon as possible. Otherwise, it is very difficult
for the industry to mature to meet the long-
term, large-scale needs of energy efficiency in
buildings.

Ineffective System Arrangements for
Reducing Transaction Costs in the Energy
Market, and the Inefficiencies of the Energy
Efficiency Market 

Currently in China, the determinants of trans-
action costs [ 10] are in widespread existence
within the energy efficiency building field,
which has led to low efficiency in the energy
efficiency market. First, because of opportun-
ism and the limited rationality of human
beings, there is an obvious lack of motivation
for businesses and customers to invest in
energy efficiency building , and local govern-
ment has not as yet introduced a clear set of
comprehensive policies to promote the local
development of energy efficiency in build-
ings. Second, a lack of credible product
authentication systems, energy consumption
labeling systems and energy consumption
notification systems means that energy mar-

ket information and reports are not coherent.
Third, the system only includes positive
rewards and does not include punitive meas-
ures, which leads to a lower cost of activities
outside of the system, contrasting with the
higher costs of business within the system.
For example, The People's Republic of China
Energy Conservation Law and the Civil
Energy Bill relating to energy efficiency in
buildings both “support,” “encourage” and
“promote” new building materials and build-
ings technology, but the texts lack concrete
mandatory measures, and there are no specific
terms for constraints. Therefore, changes to
designs and even violations of building energy
efficiency standards can occur after design
completion. Fourth, there is a lack of support-
ive policies for efforts to develop energy-
efficient intermediary service institutions.
Specialized energy efficiency intermediary
service institutions can provide a widespread
level of service to society. They can provide
such services as energy auditing , energy effi-
ciency testing and labeling , and energy effi-
ciency design, which can reduce transaction
costs and raise efficiency, providing an import-
ant guarantee for the effective operation of
the market economy. At present, specialized
energy efficiency intermediary mechanisms
in China are either attached to local govern-
ment, or are under the control of industry
associations. Currently consumer willingness
to invest in energy efficiency is low and the
credit system is inadequate, so that the
opportunity for independent development
of intermediary mechanisms is very small and
has therefore never been developed properly,
resulting in an inefficient energy efficiency
market.
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[10] According to Williamson, the determinants of transaction costs are frequency, specificity, uncertainty, limited rationality, and
opportunistic behavior.



Financial intermediaries are the institutions
that direct savings towards effective invest-
ment. Since the field of energy-efficient retro-
fits for existing buildings needs huge amounts
of funding , the role of financial intermediaries
is even more important. However, because
of the limiting characteristics of energy effi-
ciency in buildings and the limited rationality
of financial institutions, there is a strong tend-
ency for opportunistic behavior in finance in
this field. The lack of relevant policies for the
establishment of a financial intermediary
platform, and the lack of incentive policies to
reduce the risk for financial institutions, such
as a corresponding guarantee system, means
that there are large opportunity costs and
conflicts of interest, and high coordination
and monitoring costs. This creates a barrier to
financing channels, and a lack of protection
when in operation on the market. For exam-
ple, in August 2008, Wuhan City Railway
Hospital started to make a plan for energy-
saving retrofits to the hospital buildings, and
actively used the intermediary credit services
of AFD to carry out financing. However, the
project was stopped at the end of 2008
because it failed to get approval from China
Merchants Bank’s Loan Approval Committee,
the main reason being that in 2007 the cash
flow financial indicator assessment fell short,
and could not satisfy the loan conditions of
the China Merchants Bank. However, because
of the special characteristics of the hospital
retrofit project, it should be classified as a
project supported by government policies,
and therefore should not have to submit to
commercial loan standards. However, because

of the lack of appropriate incentive policies
and guarantee systems, the project could not
be approved for bank loans and the financing
issue was a barrier. AFD [ 11] and Hubei Urban
and Rural Environment Energy Engineering
Co., Ltd. (an energy-saving enterprise) have on
many occasions discussed the project with the
China Merchants Bank, but to no avail.

4.6.4. Solutions for Financing 
Difficulties

Theoretical Foundations

Correcting Externalities

From an economic point of view, the pres-
ence of externalities results in society becom-
ing distanced from the most efficient prod-
uction conditions, resulting in the market
economy mechanism being unable to prop-
erly realize its basic function of optimization
of resource allocation. The fundamental
idea of resolving externalities is to let externa-
lities become internalized, that is, to make the
social benefits of costs created by the econ-
omic activities of the main economic parties
become individual benefits or costs through
systematic arrangements. There are three
typical strategies: taxes and subsidies, business
amalgamation, and demarcation of property
rights. According to the characteristics and
realities of energy efficiency building work,
we should focus on the first approach to
eliminate externalities in the energy efficiency
building area. As mentioned earlier, energy
efficiency retrofits to existing buildings are
considered a typical area of market failures.
Externalities can be corrected and market
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[11] In July 2007, AFD provided €60 million of intermediary credit to the Chinese Ministry of Finance in the form of a sovereign   
loan to be used specifically to encourage investment in energy efficiency and finance renewable energy projects.  Companies
could then apply for loans through the China Merchants Bank, Huaxia Bank and Shanghai Pudong Development Bank at 
below-market interest rates.



failures overcome through effective govern-
ment mechanisms, and therefore govern-
ment intervention is essential. 

System and Mechanism Innovation

Construction of a “Two-Oriented Society" is a
social engineering project involving the creat-
ion of a system mechanism and develop-
ment methods. It involves many participants,
and every participant has a different role,
function and responsibility in both types of
social construction. At the same time they
also have different interests and behavior.
There must be a rational mechanism or sys-
tem to allow different types of participants to
fully carry out their functions, perform their
duties, and fulfill their responsibilities.

Specialization

The level of efficiency of a complex market
should also be derived from specialization. In
classical economic theory, specialization can
raise productivity and increase sources of
national wealth. In this complex system of
energy efficiency retrofits to existing build-
ings there are many stakeholders, and the
only way for the main parties to attain a win-
win situation and form a positive cycle of
growth is on the basis of specialization.

Mechanism Principles

A government-led finance mechanism is a
large-scale, long-term form of mechanism. It
fully embodies the leadership of the govern-
ment, and should promote the self-develop-
ment of the market and a positive cycle of
self-improvement. When specifically exten-
ded to the field of energy efficiency retrofit-
ting of existing buildings, government-led
content should help the market to complete
the process of profit generation. It should
lead to the design of a type of profit genera-

tion mechanism, and pass this on to the mar-
ket to create a foundation for market opera-
tion and development. The establishment
of a profit generation mechanism includes
setting new ideas and integrating these into
financial practice. This mainly includes: econ-
omy of scale systems, cost-effective evalua-
tion systems, credit support systems, cost-
sharing systems, and information platforms.
Taking into account the special nature and
complexity of energy efficiency retrofits to
existing buildings, we believe that a more
effective means of achieving these should be:
acting on a policy basis, using entity promotion
as an important breakthrough for important
uses of “rules, planning , supervision, enlight-
enment, and demonstration”. 

Specific Ideas

Establish a Business Construction Concept,
Coordinate Planning and Debt Financing,
Third-Party Financing and Equity Financing

According to the fundamental principles of
economics, resources that will bring future
economic benefits for the relevant economic
parties are defined as assets. From this persp-
ective, buildings are assets that possess huge
potential value. Energy efficiency building
projects will not only provide the economic
benefits of continuous reduction in energy
costs for future building owners or users, they
will also provide comprehensive benefits such
as reductions of energy consumption for the
whole of society and improvements in envi-
ronmental quality. Therefore, buildings are an
asset that can provide benefits of significant
value to relevant beneficiaries.

The process of energy efficiency building
must be guided by business principles for it
to be able to realize its optimum value. The
key characteristic of assets is that they must
go through effective business operations
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to optimize their value, and buildings are
no different. The business of construction
should be oriented to the market, so that
buildings are seen as assets capable of bring-
ing added value.  Sustainable growth in
value can be achieved through the efforts of
people and funding , and by using advanced
technology and management tools to target
the physical characteristics of construction
and develop their potential (fundamentally
different to the concept of the real estate
business). The core idea of the building busi-
ness is to highlight the characteristics of build-
ing assets, at the same time as emphasizing
market mechanism operations, focusing on
efficiency, and placing effectiveness at the
top. Establishing the concept of building
energy management includes two levels of
understanding. Firstly, we should identify and
understand the characteristics of construc-
tion assets. Secondly, we should harness the
motivating forces of the key market bodies
and use price signals to guide and optimize
the allocation and rational use of resources in
order to achieve value growth and value max-
imization.

From a financing perspective, business means
choosing one optimum financing strategy
that is capable of giving full play to the advant-
ages of debt financing and equity financing.
It should fully use the advantages of the situa-
tion and minimize disadvantages. In this way,
both financing tools combined can reach the
optimum situation, i.e. to enable operation
risks and finance costs to be as low as possible
and gain an optimum level of benefits.

The Requirements of Debt Financing 
to Leverage Energy Efficiency Building

Because of the special characteristics of mar-
ket failure in the field of energy efficiency
building , the initial stages of positive guidance

by the government should use the supply and
demand of building funding as the specific
tool to create an “access platform.” There are
several possible models to choose from, such
as energy efficiency project management
mechanisms that can be used to attract idle
funds from the market to the energy effi-
ciency building market. This will effectively
activate the demand for energy efficiency
building , and leverage the development of
the energy efficiency building field.

Using Third-Party Financing 
to Accelerate the Marketization of Energy
Efficiency Building

Financing based on the contract energy mana-
gement method is a typical type of third-party
financing. Under this financing model, special-
ized energy service companies can provide a
comprehensive advantage through measures
such as professional technical services, system
management, and financing during the process
of implementing energy efficiency projects.
Clients and ESCOs can build a new win-win
mechanism to provide the intrinsic motivation
needed for the implementation of energy effi-
ciency projects, which can also ease parts of the
market failure problem and accelerate the pace
of the energy efficiency building market.

Using the Energy Efficiency Industry Supply
Chain to Release Equity Finance

From the perspective of the whole industry
supply chain, it is important that both up-
stream and downstream industries should be
highly integrated with the energy efficiency
retrofitting of existing buildings. This should
include sectors such as specialized energy serv-
ice companies, new energy-efficient materials,
new products and new-technology enterprises.
If this can be established on the foundation
of the specialization of labor and with capital
management at its core, it will be able to release
the full power of equity finance.
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4.7.1. Characteristics of Financing
Energy Efficiency Retrofitting 
of Existing Buildings

Energy efficiency retrofits of existing buildings,
due to fundamental engineering differences,
can be divided into energy-use system retro-
fits and building envelope retrofits. Certain
characteristics of these energy improvements
result in different models of financing. 

Characteristics of Financing Energy
Efficiency Retrofitting of Existing Buildings

Financing Energy Efficiency Retrofitting 
of Energy-Use Systems

Energy-use system proprietors have much
clearer benefits to gain from equipment sys-
tem improvement. However, the positive
externalities of equipment improvements are
fewer than for building envelope improve-
ments and the internalized costs quite low.

More specifically, with currently available
technology, data can be gathered that will
accurately record the energy consumption of
equipment systems along with respective
post-retrofit energy savings. As a result, carry-
ing out techno-economic evaluations and
calculating cost effectiveness and payback
periods is relatively easy. It is therefore poss-
ible to make a detailed assessment of the
costs and benefits of a retrofit. Having the
benefits and payback period clearly laid out
makes retrofitting more easily acceptable to
homeowners and other market entities.
Therefore, in terms of finding financing , this
kind of retrofit is well-suited to market-based
solutions (namely banks and other financial
institutions).

Internationally, there is currently a quite well-
developed market practice for banks and
other financial institutions to grant commercial
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loans to energy service companies (ESCOs).
Energy service companies provide compre-
hensive professional energy services to their
customers (providing them with services to
upgrade or replace energy-consuming equip-
ment), and ultimately recover their costs and
make a profit through the energy savings they
make. This method is known as “contract
energy management”.

Characteristics of Financing Energy
Efficiency Retrofitting of Building Envelopes

Building envelopes, in general, form the public
part of buildings. With the diversification of
buildings' property rights, their upkeep and
refurbishment is now a public matter. Bringing
with it strong positive externalities, the intern-
alized costs are also very high. Even in the case
of distinct property rights (to a sole owner),
using the technology currently available, it
remains very difficult to measure and calcu-
late the energy savings and degree of com-
fort that would result from building enve-
lope retrofitting. It is not yet possible to carry
out an accurate appraisal of the costs and
benefits. This lack of precise information on
the benefits and payback period of building
envelope retrofitting coupled with reasonably
high outlays means homeowners and other
market entities are wary of this kind of retro-
fitting. As a result, market-based solutions to
finance such projects are not as well-suited as
for “contract energy management”.

Owners of existing building stock lack enthus-
iasm for undertaking building envelope
retrofitting , as do energy service companies.
Under current institutional policies and techno-
economic conditions, and based upon accu-

rate evaluations of the costs, risks and effi-
ciency of such projects, commercial banks and
other financial institutions are still unsure of
financing projects involving building envelope
retrofitting. As a result, they require financial
investment from governments (such as direct
investment and subsidies) as well as relevant
policies aimed at users, banks and energy serv-
ice companies (including mandatory regula-
tions, tax incentives and the establishment of
an energy quota system).

The Advantages of Financing Energy
Efficiency Retrofitting of Existing Buildings

Low Investment Risks, Steady Gains

There is enormous potential for energy effi-
ciency retrofitting in China due to the sheer
scale of the country’s existing building stock.
With the advances in technological know-
how, refurbishment projects can show sustain-
able cash flows and steady profits.[ 12] Precisely
because of this, and in the foreseeable future,
there will be strong demand for energy effi-
ciency retrofitting of existing buildings, which
will accelerate growth of the entire market
and industry, creating a propitious investment
environment. Meanwhile, energy efficiency
retro-fitting of existing buildings complies
with China's State policy on property and
the State's overarching strategic goals for
energy saving and emissions cuts. The policy
curve will become steeper and steeper with
the release of a stream of technical standards
and incentives regarding industries connected
with energy efficiency building. Financial sup-
port will strengthen as financial funds grad-
ually draw in more and more investment,
signifying a lowering of investment risk in
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Government Office Buildings Study. 



this area. In general, the payback period for
a building envelope retrofit is longer than that
of an energy use system retrofit. Taking office
buildings as an example, surveys show that
the average payback period for a building
envelope retrofit is 23.9 years, and an exter-
nal window retrofit 22.3 years (only fitting
outside sunshades is paid back in 9.42 years).
This compares with around three years for
frequency conversion and air-conditioning
main unit retrofits, one or two years for light-
ing , and between two and three years for
energy-efficient installations . The benefits of
energy conservation in hotels are even more
evident where a building envelope retrofit has
an average payback period of 10 years.

Running and Maintenance Costs 
are Lower than for Other Energy Efficiency
Retrofit Projects

The energy efficiency retrofitting costs of a
building are not very high and the works prog-
ram is relatively short for both retrofitting the
building envelope or the energy use system.
Compared with energy efficiency retrofitting
in other fields, the post-retrofit running and
maintenance costs are very low, with general-
ly no extra operational costs. Moreover, a
rise in the thermal capacity of buildings and
compliance with energy efficiency standards
can increase their value. Comparatively spea-
king, running and maintenance costs after an
energy efficiency retrofit in the industrial
sector are always high, with additional oper-
ational costs involved. Take the desulfur-
ization of an electric power plant, for example.

Once the initial work has been completed,
there remains the high cost of operating the
desulfurization equipment. As a result, some
plants do not use their desulfurization units
on a regular basis, choosing only to do so
when being inspected by the Ministry of
Environmental Protection. Consequently, the
equipment's work rate drops and becomes
operationally ineffective.[ 13]

The Drawbacks of Financing Energy
Efficiency Retrofitting of Existing Buildings

The main barriers to financing the energy
efficiency retrofitting of the existing building
stock are as follows: projects tend to be dis-
persed; property rights can be complicated;
the management systems of different types
of building stock vary; and it is very difficult
for proprietors to finance it themselves. With
projects quite sparse and individual projects
quite small, the majority of them require
less than RMB10 million of investment, and
therefore applying for traditional forms of
financing such as bank loans is more difficult.
Secondly, complicated ownership rights make
policy-making more challenging and the pro-
cess longer. Not only can different kinds of
building stock have alternative management
systems, but within the same kind of building
stock the management systems can vary from
project to project, all of which can impact the
policy-making and financing processes. 
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[13] In order to solve this issue, the National Development and Reform Commission and the Ministry of Environmental 
Protection released Experimenting with Franchising for Developing Flue Gas Desulfurization in Thermal Power Plants 
in January 2008. The paper called for the development of flue gas desulfurization in thermal power plants. Led and 
organized by concerned ministries and on the foundation of favorable policies surrounding a desulfurized electricity 
price, desulfurizing facilities were to be constructed, operated, maintained and managed on a daily basis by a specialized 
desulfurization company charged with reducing sulfur dioxide emissions. 



4.7.2. Potential Channels for 
Financing Energy Efficiency 
Retrofitting of Buildings in China

Establishing Dedicated Funds for Dedicated
Construction Investment, Subsidies,
Discounts, and Guarantees

Funds can refer to both financial and organ-
izational aspects of the term. In terms of
finance, funds represent capital that is used to
serve specific ends and that enjoys independ-
ent accountability. Among these are the
pension funds, retirement funds, relief funds,
and educational scholarship funds that are
found the world over, as well as the dedicated
financial funds, collective staff welfare funds,
major energy and communications construct-
ion funds, and budget regulation funds that
are specific to China. In terms of organization,
funds are aimed at institutions or organiza-
tions that specially manage and operate cap-
ital with specific goals. Such a fund may be a
non-corporate body, an institutional body or
a corporate organization. The funds mention-
ed in this paper refer to the financial sense
of the word. In construction, the electrical
power funds, environmental funds, dedicated
housing maintenance funds and structural
alteration funds that have previously been
established in China have all had a positive
impact in specific fields. Currently, China has
yet to set up funds for the energy efficiency
building sector. Based on the experience of
establishing and managing electrical power
funds, dedicated housing maintenance funds
and structural alteration funds, as well as draw-
ing on international experience, dedicated
funds should be set up in order to push for-
ward energy efficiency retrofitting of buildings.

In the Wuhan City Cluster “Two-Oriented
Society” Experimental Region Master Plan,
the Hubei Provincial Government clearly

states that it is planning to establish a business
and industry investment revolving fund worth
RMB2O bill ion, with an initial phase invest-
ment of RMB5 billion. Speeding up energy
efficiency building work is an important part
of creating a two-oriented society. In this way,
the Hubei Provincial Government will be a
precursor in establishing a “dedicated fund
for energy efficiency building.” Establishing a
revolving fund for energy efficiency building
projects will support the implementation
of long-term, large-scale energy efficiency
retrofitting of existing buildings.

Financing Debts: 
The Involvement of Financial Institutions 

On July 30, 2007, the Ministry of Environ-
mental Protection, the People's Bank of China
and the China Banking Regulatory Com-
mission jointly announced the concept of
“green credit” to be brought about through
the use of environmental regulation and
financial levers. By introducing environmental
thresholds for accessing financial credit, new
construction projects that do not reach these
thresholds will not be eligible for credit sup-
port. All forms of newly increased credit for
such unenvironmentally friendly projects
should be withheld and measures taken to
recuperate any previously granted loans. By
cutting off the cash flow, it is hoped that this
kind of energy-hungry, polluting industry will
be severely restricted. These measures will
prevent lawbreakers from accessing capital,
thereby curtailing their investments whilst
mitigating environmental issues as well as init-
iating a restructuring process in the industrial
sector through the provision of credit. In this
context, the China Development Bank has
been vigorously pursuing “green loans”,
setting up special-purpose loans for energy-
saving and emissions cuts in 2007. They
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have helped to bring industrial pollution
under control, encouraged the treatment and
reclamation of urban wastewater and the
disposal of urban solid waste, and promoted
comprehensive clean-up operations of key
water-based environments such as Taihu and
Chaohu. In 2008, the China Development
Bank began studying special-purpose loans
aimed directly at energy efficiency building.
As the current threshold for medium- to
long-term loans to single projects is set at
RMB10 mill ion per project, currently the
China Development Bank does not consider
loans to individual energy efficiency building
projects, primarily focusing its attention inst-
ead on collaboration with municipal govern-
ments. Considering projects in their entirety,
municipal governments serve as a platform for
loans (the debtors).Therefore, municipal gov-
ernments can tie together projects in energy
efficiency retrofitting of buildings by borrow-
ing money from the China Development Bank
to support them.

According to information gathered on the
EU, France, Germany, Japan and the USA
provided by AFD, the central banks of
developed nations abroad play an active
role in financing energy efficiency building.
In this field, the funding for large-scale
energy efficiency retrofits of existing build-
ings is generally engineered through coopera-
tion between commercial banks and develop-
ment banks. The types of loans can be classi-
fied as follows: (1) direct loans to energy
service companies,[ 14] and (2) direct loans to
proprietors. The ratio of individual residences
to the total number of residences is quite high

abroad, reaching 56% in France. As a result,
the cost of energy efficiency retrofitting is
often undertaken by the homeowners them-
selves. If homes in a certain city or administra-
tive region wish to carry out energy efficiency
retrofitting , the government will carry out
research and evaluations and design plans
with the help of energy efficiency inform-
ation services. Once the entire implement-
ation plan has been approved, the govern-
ment, the energy services intermediary, and
the commercial bank will enter into consult-
ation to agree upon an energy efficiency
retrofit project for the administrative region.
The government will then directly appropriate
interest subsidies to the appointed commer-
cial bank, from which homeowners will ulti-
mately be able to apply for financially subsid-
ized loans to carry out a retrofit. 

It is possible for commercial banks abroad to
play a contributing role in the energy effi-
ciency retrofitting of existing buildings thanks
to the developed nature of their system of
credit, people's relatively high awareness of
energy savings and environmental protection,
and the level of governmental support. Credit
is seen as a second lifeline by all the stakehold-
ers: individual homeowners, businesses or
government institutions. As such, the prop-
ortion of loans repaid in full is very high.
Second, as greater emphasis is placed on quali-
ty of life in developed countries, residents’ sup-
port of energy savings and environmental
work is quite high, and they are therefore
receptive to energy efficiency retrofitting of
buildings. Third, foreign governments often
have policy incentives such as subsidizing
the interest on loans to commercial banks, or
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[14] Because energy service companies are already well-developed abroad, the amount of jobs and the client base are relatively 
stable and the profits well-documented. In the USA, most of these service companies have already come through their 
initial stages, and have established a certain degree of credit. With the global growth of the energy savings and environmental
sector expanding constantly, commercial banks are now actively willing to grant them loans. 



reducing business taxes in order to encourage
commercial banks to get involved with ener-
gy efficiency building. 

Equity Financing 

Equity financing [ 15] primarily involves the
attraction of direct investment and stock
flotations. Public-private partnerships [16] are
being used more and more widely in engineer-
ing projects as they are a quite good form of
equity financing to attract direct investment.

Equity financing is characterized by not car-
rying the burden of fixed interest; fund-rais-
ing and financial risks are low; there are no
deadlines on loans; there are no repayments;
it can be used by a company for a long time;
and restrictions on its use are very few.

Equity financing can also provide the public
with useful information. If small– and medium–
sized enterprises (SMEs) are able to finance
their own developmental needs through
equity capital, they obtain an optimal capital
structure and thus establish a healthy man-
agement structure. This can strengthen the
company’s economic power and encourage
more efficient use of their resources enabling
SMEs to reach their targets and improve their
company image. Outside investors are then
more likely to have confidence in the compa-
ny's management and future growth, in-
vesting more capital, which may be used to
improve management systems further, im-
proving results and generating further profits
for stakeholders. [ 17]

Equity financing is able to distribute control in
a company rationally and optimize its manage-
ment structure. If a company wants to grow, it
must establish a sound capital structure and
create an effective corporate management
structure in order to strike a balance between
the incentive and supervisory mechanisms of
its managers. In modern financial economics,
stock options play a very important role. They
act as a corporate reward system with long-
term incentives, granting a company's man-
agers the right to purchase a certain number
of company shares at a predetermined price
during certain periods. Within this set period
of share purchasing , even if the market price
of shares exceeds that of the grant price,
managers may exercise their right to purchase
them at the lower price, thus making a profit
on the difference between the two prices.
Conversely, if the market price drops, they may
opt not to exercise their right to purchase
shares. This therefore provides a system for
companies' managers to have a guaranteed
profitable trade in which they cannot lose. In
maximizing their own individual interests, the
interests of the assignee company are also
maximized, thus limiting the company's rep-
resentation costs and reducing any agency of
agreement issues for the company. In this way,
this kind of system can encourage managers
to work harder and increase the value of the
company, as their personal interests are also
served. 
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[15] Equity financing works by expanding a company's equity by attracting new investors, new share offerings and additional 
investment, rather than transferring equity or selling shares. Selling or transferring shares is a form of assignment and does 
not increase equity. One consequence of equity financing is that the control wielded by the original investors is diluted.

[16] When social capital (civilian capital) is involved in infrastructure development and public works it is generally known as a 
Public-Private Partnership (PPP).

[17] Rose, Stephen A. et al. Corporate Financing, Vol. 6, p. 329.



Financial Leasing 

Internationally, financial leasing [ 18] is a com-
mon form of industrial financing , a means
of financing facilities, and an effective way
of promoting both investment and consump-
tion demand. For many years, China's finan-
cial leasing sector has remained mismanaged
and unbalanced. Three kinds of leasing com-
panies have emerged. The first are financial
leasing companies overseen by the China
Banking Regulatory Commission, the second
are joint-venture leasing companies overseen
by the Ministry of Commerce (by the end of
July 2008, there were already 90 foreign-
owned leasing companies ), [ 19] and finally, the
third are domestic leasing companies (num-
bered at more than a thousand), also regul-
ated by the Ministry of Commerce. To differ-
ent degrees, all of these companies have
developed a financial leasing business, includ-
ing traditional financing , leasing , sub-leasing ,
sale and lease-back transactions, joint-venture
leasing , etc. In developed countries, along
with bank credit, securities, trusts and insur-
ance, financial leasing is one of the big five
financial tools and has penetrated all aspects
of economic life. Seen as a “sunrise industry”,
it has become the second largest channel of
financing for companies after bank credit.
Almost one-third of global investment is cur-
rently completed with financial leasing , and it
has a 30% market penetration. In China, that
figure falls far short of developed nations at
only 1.3%. These figures clearly show that mar-

ket potential for financial leasing to become
an effective form of financing in China is
huge. There are currently many industries in
China in which the leasing market is flourish-
ing including telecommunications, medical
services and printing , and it is fast developing
in the areas of engineering tools, machine-
tools, energy conservation, transportation,
and shipping. The market functionality of
financial leasing is improving day by day and
new products are constantly being created. 

In the energy efficiency building sector, prop-
rietors and energy service companies have a
huge need for equipment. In order to ease
the financial difficulties of retrofitting , the
financial leasing sector is emerging as a sec-
tor with great prospects. The replacement of
energy-consuming equipment accounts for a
large share of the invested capital in an energy
efficiency retrofit of an existing building's
energy use system. Using financial leasing to
implement a retrofit may be an effective way
of reducing costs for the proprietors and
promoting the use of new technology. At the
CPPCC on March 10, 2008, CPPCC member
and Department Head of the Department of
Science and Technology of the Ministry of
Construction, Lai Ming , called for the “need
to innovate a new development model, which
promotes energy-saving services”. He recom-
mended that the Ministry of Construction
and the Banking Regulatory Commission
facilitate the development of energy effi-
ciency building services by supporting the
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[18] Financial leasing refers to the leasing of equipment of a financial nature and change of ownership rights. Namely, a lessor, 
according to the specifications, model, and function required by the lessee, leases out equipment to the lessee. During the 
contractual period, the ownership rights of the equipment still belong to the lessor, while the lessee only has user rights. 
Once the contract has finished and the rental fee is paid, the lessee has the right to purchase the equipment at scrap value 
in order to obtain its ownership rights. Financial leasing is a financial service in the insurance industry, which satisfies 
clients' need to “circulate finance” by “circulating equipment”. 

[19] Among these, Huazhong International Leasing Ltd. and Rongzhong International Leasing Ltd. were set up in Wuhan in 1985 
and 2008 respectively.



investment of large companies in this domain.
He also emphasized the need for equipment
manufacturers to set up financial leasing
companies in order to provide energy-efficient
equipment through financial leasing pro-
grams. It is evident the financial leasing of
energy-efficient equipment will emerge as a
new market.

Guarantees

Guarantees [ 20] serve as leverage that, comp-
ared with other forms of policy-based financial
support such as discounts, tax exemptions or
fund allocations, are able to satisfy greater
needs with fewer resources and can help
policy-based funds have a greater impact in
accelerating economic development. Mean-
while, credit guarantee mechanisms that serve
SMEs in making up their credit shortfalls, can
resolve financing difficulties and not only
bring economic benefits to themselves but
also, more importantly, have far-reaching
benefits such as expanding employment
opportunities, increasing tax revenue, boost-
ing the economy, and stabilizing society.
Credit guarantees are already an established
and effective means for national govern-
ments worldwide to accelerate the growth of
SMEs and create employment opportunities. 

Establishing a credit guarantee system for
SMEs is a common way for countries around
the world to help support the growth of
SMEs. In general, large banks do not provide
ample, or even rudimentary, financial support
to SMEs and so credit guarantees become
necessary. Because of the Chinese capital
markets’ long-term focus on supporting large
companies, and in order for banks to avoid

risk, loans have tended to be granted to large
State-owned enterprises (SOEs) and conglom-
erates. This has created a number of diffic-
ulties for financing energy service companies,
entities at present generally quite small. A
credit guarantees system is therefore one
of the keys to helping SMEs finance their
growth. International experience shows that
even the market economies of developed
nations need to provide policy-based credit
guarantees for SMEs. While developing nations
are in their “catch-up period”, the importance
of credit guarantees is even more pronounced.
Establishing a credit guarantee system for
SMEs eases their financing bottlenecks whilst
improving their financial strength, it bolsters
the power of financial organizations to prov-
ide loans to SMEs, and it is also a very import-
ant means of optimizing the overall financial
environment. Perfecting the credit guarantee
system will accelerate the healthy growth of
SMEs, help to increase employment opport-
unities within them, push forward technol-
ogical innovation, and increase fiscal revenue.

China's first use of credit guarantees for SMEs
occurred in 1998. In ten years, the govern-
ment has introduced a number of policies
aimed at supporting the rapid development
of guarantee agencies, and by the end of
2007, their number had grown to 3,729. In
terms of their character, there are policy-
based guarantee agencies, commercial guar-
antee agencies, and agencies that display a
combination of the two. In terms of their
organization, there are government-adminis-
tered institutions, State-owned as well as priv-
ately-owned share-holding companies, and
various sorts of fund management companies

[ ] ©AFD / Implementing Large-Scale Energy Efficiency Programs in Existing Buildings in China /October 2010228

[20] Guarantees are legal measures that serve as a guarantee for debt. From a Chinese legal perspective, a debt guarantee should 
be founded on the assets of the person (or party) concerned in order to keep a check on the obligations of the debtor and 
protect their use of credit. Guarantees generally fall into one of five kinds: bonds, mortgages, pledges, liens, and deposits.



along with corporate mutual guarantee
agencies. Most of the capital for China's initial
phase of guarantee agencies was provided by
the government but non-governmental capital
has now grown to account for more than 60%.
More and more guarantee agencies are oper-
ating under market conditions and commer-
cial management is gradually driving China's
guarantee sector away from government-led
growth to market-led growth. Experience has
shown that the establishment of agencies
specialized in SME loan guarantees eases access
to finance thereby resolving , in a practical
way, the difficulties faced by many SMEs' due
to their lack of collateral. Guarantee agencies
act as bridges between banks and SMEs. 

With the help of the World Bank and the
Global Environment Facility (GEF), the China
National Investment & Guaranty Co. Ltd.
took the lead in providing the first loan guar-
antees to the energy conservation sector for
implementing energy conservation projects
using the “contract energy management”
mechanism. The Asian Development Bank
has, through the Standard Chartered Bank,
also provided partial credit guarantees to
China, supporting energy efficiency building
projects in the south and east of the country.
It is easy to see that in step with the rapid

development of China's guarantees sector,
loan financing obstacles that SMEs in the
energy efficiency building sector currently
face will gradually be removed. 

Tax Remits

Western developed nations place great emph-
asis on the use of tax incentives in the con-
struction sector. There are many different
forms of tax incentives, generally including
tax reductions, tax exemptions, export tax
rebates, preferential tax rates, tax reimburse-
ments, tax deductions, accelerated deprec-
iation, and tax-deductible expenses.

China has already implemented a series of
measures using tax incentives aimed at im-
proving energy savings and emissions cuts.
According to the most recently promulgated
enterprise income tax law, [ 21] the earnings
of companies involved in environmental
protection or energy and water conservation
projects that meet the prescribed conditions,
are exempt from State tax, and qualify for
business income tax deductions. A certain
proportion of the money invested by com-
panies to purchase specialized equipment for
environmental protection, energy savings
and water conservation and work safety, etc.
is tax exempt. For energy efficiency techno-
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[21] Chapter IV, Article 25 of the Enterprise Income Tax Law, promulgated in 2008, stipulates that important industries and 
projects whose development is supported and encouraged by the State shall enjoy preferential treatment in relation to 
enterprise income tax. Article 27 stipulates: “As regards the following incomes, the enterprise income tax may be exempted 
or reduced: (1) The incomes generated from the engagement in agriculture, forestry, husbandry and fishery; (2) The 
incomes generated from investment in and business operations of the important public infrastructure projects supported 
by the State; (3) The income generated from the projects of environmental protection, energy and water saving and 
satisfying the related requirements; (4) The incomes generated from transferring technologies and satisfying the related 
requirements; and (5) The income as provided for in Paragraph 3, Article 3 of the present Law.” Article 28 stipulates: 
“As regards a small meager-profit enterprise satisfying the prescribed conditions, the enterprise income tax shall be levied at 
a reduced tax rate of 20%. As regards important high-tech enterprises needing to be supported by the State, the enterprise 
income tax shall be levied at the reduced tax rate of 15%”. Article 32 stipulates: “In case an enterprise needs to accelerate 
the depreciation of any fixed asset by virtue of technological progress or for any other reason, it may curtail the term of 
depreciation or adopt a method for accelerated depreciation”. Article 34 stipulates: “As regards the amount of an enterprise's
investment in purchasing special equipment for protecting the environment, saving energy and water, work safety, etc., 
the tax amount may be deducted at a certain rate”.



logical retrofitting, financial rewards are grant-
ed on the basis of how much energy is saved. 

Fiscal taxation policies are a government's
primary means of managing and regulating
energy in a market economy. In the 1980s,
China drafted a series of fiscal taxation poli-
cies to promote energy efficiency, but almost
all of them were abolished in the institutional
reform of fiscal taxation begun in 1994. For
example, as early as 1981, the State established
an energy-efficient technology refurbishment
dedicated fund, offering 50% reductions on
interest for energy-saving project loans. This
fund was abolished in 1998. In the 1980s,
energy-saving infrastructure project loans
were given preferential interest rates, from
1991-1993 differential interest rates were
implemented where energy-saving infrastruc-
ture projects were granted 30% lower inter-
est rates than commercial loans. Such differ-
ential rates were abolished in 1994. At the
beginning of 1991, the State began levying a
fixed assets investment orientation regulatory
tax, but in sectors such as thermoelectric
cogeneration and energy efficiency building
the tax rate was zero. Since January 1, 2000,
this policy has been suspended.

Overall, except for the budgeted direct fiscal
support for research and development and
technological refurbishment in energy-saving
projects, China lacks alternative policies in its
fiscal expenditure. Regarding preferential tax
policies, policies towards energy saving , the
use of sustainable resources and environmen-
tal protection are all mixed up together.
Specific tax exemptions and deductions for
energy efficiency retrofit companies are
necessary. The lack of government tax incen-
tives is the main obstacle to China's energy
efficiency movement. Today, the conservation
of natural resources has finally been integra-

ted into China's fiscal taxation reform, and
the government is actively seeking to develop
tax incentives that would suit China's current
situation as well as further new mechanisms
to promote energy conservation. Among
these, electrical power demand management,
energy service companies, and energy effi-
ciency standards have already demonstrated
impressive progress. The government's invest-
ment has already begun and some regional
governments are also trying out new mech-
anisms for energy conservation such as energy
efficiency non-profit foundations. Since 1998,
through international cooperation, almost all
energy efficiency mechanisms have been
brought to China. Some incentive policies
have been highly successful in experimental
projects such as guaranteed loans for energy
efficiency projects, energy efficiency inform-
ation services and consumer subsidies. 

The Ministry of Finance is currently studying
relevant fiscal taxation policies including form-
ulating a “Directory of Energy-Efficient and
Emissions Reducing Equipment Qualifying
for VAT and Income Tax Deductions”. Com-
panies that purchase equipment listed in
the directory would be entitled to VAT reim-
bursements. Studies are also being conduct-
ed with a view to formulating a policy of VAT
reimbursement on the purchase of electric
and thermal power produced from waste
such as agricultural straw, bark residue and
sludge, and another for the use of bio-diesel
made from used animal and vegetable oil, as
well as one relating to energy-saving lighting.
Studies into extending the incidence of tax
on heavily polluting products and resource-
wasting products are also underway. The
opportunity is here for a plan to reform
resource tax, and to levy environment and
fuel taxes.
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In terms of the building energy efficiency
retrofit market, the effect of preferential tax
policy is primarily demonstrated in the follow-
ing two areas: in encouraging homeowners to
undertake energy efficiency retrofitting through
the use of tax deductions, exemptions, and tax
credits; in cultivating the energy efficiency serv-
ices market, thus promoting the growth of
energy service companies in China. A concrete
analysis follows:

•Tax Credit: 10% of the total amount invest-
ed in specialized equipment for use in energy
efficiency retrofitting (as set out in the
“Directory of Specialized Equipment for
Environmental Protection Qualifying for
Preferential Enterprise Income Tax” or the
“Directory of Specialized Equipment for
Energy and Water Conservation Qualifying
for Preferential Enterprise Income Tax”) can
be offset against taxes due by the company
that year or over the next 5 years if necessary.

•Tax Deductions: Buyers who have purchased
energy-efficient buildings may receive a
deduction on their property tax after it has
been collected. According to Articles 25, [ 22]

27, [ 23] and 28, [ 24] of Chapter IV of the Enter-
prise Income Tax Law, promulgated in 2008,
energy service companies should qualify
to receive key support for their development
from the State, [ 25] and as such all projects
working towards environmental protection
and energy saving should benefit from prefer-
ential income tax policies; for companies
engaged in the energy efficiency retrofit of
existing buildings, starting from the end of
the first year in which the project has made
an operating income, for the first three years
they will be exempt from enterprise income
tax. Between the 4th and 6th years they will be
exempt from half of the enterprise income
taxes levied. ESCO certified high-tech com-
panies [ 26] will benefit from a 15% deduction in
the enterprise income tax rate; those engaged
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[22] “Important industries and projects whose development is supported and encouraged by the State shall enjoy preferential 
treatments in enterprise income tax.”

[23] “As regards the following incomes, the enterprise income tax may be exempted or reduced: (1) The incomes generated from 
the engagement in agriculture, forestry, husbandry and fishery; (2) The incomes generated from investment in and business 
operations of the important public infrastructure projects supported by the State; (3) The income generated from the 
projects of environmental protection, energy and water saving and satisfying the related requirements; (4) The incomes 
generated from transferring technologies and satisfying the related requirements; and (5) The income as provided for in 
Paragraph 3, Article 3 of the present Law.” 

[24] “As regards a small meager-profit enterprise satisfying the prescribed conditions, the enterprise income tax shall be levied at 
a reduced tax rate of 20%. As regards important high-tech enterprises needing to be supported by the State, the enterprise 
income tax shall be levied at the reduced tax rate of 15%.” 

[25] The Management Regulations on Civilian Energy-Efficient Buildings, enacted on January 1, 2006, clearly stated the Ministry 
of Construction's intent to promote growth of energy-efficient building technology and products, respectively: new forms 
of energy-efficient walls and roof insulation technology and materials; airtight technology for insulating doors and windows; 
central heating and joint thermal, electric and cooling technology; heat regulation for heating systems and individual 
household thermostat technology and installations; technology and equipment harnessing renewable energies such as
solar power and terrestrial heat; energy-saving lighting technology and products; energy-saving air-conditioning technology 
and products; the eight main high-tech industries.

[26] The “Guidelines for the Administration of the Recognition of Hi-tech Enterprises”, released by the Ministry of Science and 
Technology, Ministry of Finance, and State Administration of Taxation, stipulate that the eight main high-tech industries that 
conform to regulations will enjoy preferential taxation. The eight key State-supported high-tech industries are as follows: 
electronic information technology, biological and new medicinal technology, aeronautics technology, new materials technology, 
technological service sector, new energies and energy-saving technology, resources and environmental technology, and high-tech 
renovation of traditional industries. These guidelines came into force on January 1, 2008.



in energy efficiency retrofitting that have
achieved a certain standard in energy use in
construction qualify for housing tax deduct-
ions and land use taxes; deed tax may be
annulled in the event of relevant transactions. 

•Identification of Taxes Due: The current tax
system has put an excessive tax burden on
energy service companies. When energy serv-
ice companies provide services in the market
they are benefiting the whole of society by
choosing to install energy-efficient equip-
ment for their clients. Nevertheless, China's
State Administration of Taxation has always
viewed energy service companies as normal
retailers of energy-efficient equipment, con-
sidering that the ESCOs profit by selling the
equipment and viewing the energy efficiency
contracts as mere equipment sales agree-
ments. This has meant that the Administra-
tion of Taxation has applied standard VAT
regulations as if they were standard retailers
of energy-efficient equipment and therefore
charged VAT instead of the lower service tax,
thus creating a tax burden.

Energy service companies' main operational
revenue comes as a share of their clients' gains
from energy savings, not through the manu-
facturing or selling of energy-efficient equip-
ment. As such, these companies firmly believe
that they should be viewed as a service
industry, not as a manufacturer or retailer
and therefore should not have to add VAT
to their service fees.[ 27]

•Fixed Assets Investment Orientation Regul-
atory Tax: China previously had regulations
including “a fixed asset investment orienta-
tion regulatory tax rate of zero for energy-
efficient housing , or 5% for non energy-

saving housing”, but this was suspended on
January 1, 2001. The government has yet to
establish any new economic incentive policies
for energy efficiency building , meaning that
there is no longer any economic policy control
over energy conservation in construction. As
constructors of high-energy-consumption
buildings are not penalized through restrict-
ive taxes, this is detrimental to the green
building movement. It would be advisable
for the government to revert to its “Fixed
Asset Investment Orientation Regulatory
Tax” or rename it “Building Energy Use Tax”,
providing a zero tax rate for energy-efficient
construction;

•Accelerate Depreciation: Any enterprise
undergoing energy efficiency technological
retrofitting may curtail the term of deprecia-
tion of energy-wasting equipment, or adopt a
method for accelerated depreciation;

•Levy Energy Tax: It is recommended that
energy tax (environment tax) and fuel tax be
levied as soon as possible.

Energy Efficiency Retrofitting Capital Return:
Learning from the Ukrainian PICO Model

Public Internal Performance Commitment
(PICO) is a common form of funding the
energy efficiency retrofit of public buildings
abroad. It operates in the following manner.
A specialized department in public adminis-
tration (that is, for instance, the Department
of the Environment) is made responsible for
the overall plan, cost calculation and implem-
entation of the PICO scheme. This depart-
ment carries out energy efficiency evalua-
tions, and economic and technological ana-
lyses of other governmental departments
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(pictured as client departments), and signs
them up for PICO agreements. Ultimately, the
Department of the Environment is responsi-
ble for all energy efficiency retrofitting of its
client departments. Subsequently, the Depart-
ment of the Environment may use its own
workers or external contractors, including
ESCOs, to complete the energy efficiency
retrofit for their client departments. During
the refurbishment process, the Department
of the Environment may use its own expertise
to provide technological assistance and super-
vision of the work. Capital for such projects
is sourced from revolving funds (initial invest-
ments for revolving funds may be from gov-
ernments' fiscal budgets, international aid
loans or social finance). Energy efficiency retro-
fitting brings about a decrease in energy con-
sumption and costs for client department
buildings and thus a reduction of governmen-
tal expenditure and use of annual budgets.
This saving can then be reinvested in the
revolving fund, providing capital for the energy
efficiency retrofit of the next client depart-
ment and so on, allowing for a single initial
investment to reap benefits multiple times.

For PICO schemes to be feasible, the follow-
ing conditions must be present: (i) govern-
ment policy support—political support prim-
arily lies in granting a specific department the
right to manage energy efficiency retrofitting
of government office buildings and in putting
pressure on client departments to carry out
energy efficiency retrofitting; (ii) the presence
of a technical department, such as the De-
partment of the Environment in the diag-
ram — this department is at the heart of any
PICO funding scheme and its role includes
pre-refurbishment economic and technolo-
gical evaluations, signing PICO contracts
with client departments, being responsible

for the renovation work (even including
signing contracts with ESCOs), and super-
vising the evaluation of post-refurbishment
results; and (iii) the implementation of fiscal
policies — namely that in each government
department's budget there is an independ-
ent energy-use category, allowing for all
energy savings to be transferred into the
revolving fund.

The implementation of PICO schemes in the
current Chinese system is faced with the fol-
lowing obstacles: 

(i) A lack of specialized departments — relev-
ant departments that are currently charged
with the energy efficiency retrofit of existing
buildings in China are extremely limited. In
Wuhan Municipality for example, such work
is the responsibility of the Energy-Saving
Office under the Wuhan City Construction
Committee. The Energy-Saving Office is a
second-tier unit of the Wuhan City Con-
struction Committee and therefore it would
have difficulty in taking on the role of the
specialized department in a PICO scheme
either in terms of its administrative category
or technical know-how. 

Recommendation: A principal department of
provincial governments should take on the
responsibility for such schemes. 

(ii) Budgetary constraints — currently energy
saving is not yet an independent item on
government budgets,  with daily energy
consumption being accounted for by operat-
ing costs such as electricity and heating.
Investment in refurbishment equipment can
be counted as broader renovation costs such
as maintenance (repair) costs and leasing fees.
Government office buildings have, for a long
time, adopted the “claim for what you spent”
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quality of the environment. Consequently,
buildings are assets that are able to bring
about very valuable capital inflows to inter-
ested parties.

The process of energy efficiency building
must be guided by management principles
for it to be able to realize its optimum value.
One of the most important characteristics of
assets is that only through their effective
management can their value be optimized,
and buildings are no exception to this. The
business of construction should be oriented
to the market, so that buildings are seen as
assets capable of bringing added value.
Sustainable growth in value can be achieved
through continual labor, material and financial
investments, and by using cutting-edge tech-
nology and management tools to tap the
latent potential of a building's physical char-
acteristics (fundamentally different to the
concept of managing real estate). The core of
building management is making a building's
assets stand out, while at the same time
emphasizing the operation of market mech-
anisms, concentrating on efficiency and plac-
ing effectiveness on top. Fostering principles
of energy efficiency in building management
should work on two levels: first, the charac-
teristics of a building's assets must be identif-
ied and understood; and second, we should
harness the motivating forces of key market
bodies and use price signals to guide and
optimize al location and rational use of
resources, in order to achieve value growth
and value maximization.

In terms of financing , good management
means choosing the best financing strategy
that can play to the strengths of both debt
and equity financing. With an ideal synthesis
of both financing tools in place, risks will be
as small as possible and financial costs at a
minimum, resulting in maximum profits.

payment system, meaning that it has been the
finance departments who have paid energy
providers directly for the energy costs of each
respective work unit. Under such a system,
there is little motivation for independent
work units to be energy efficient and the
savings from an energy efficiency retrofit are
also not easily transferable directly to revolv-
ing funds. 

Recommendations: (i) introduce incentives
and penalties to motivate departments to
carry out energy efficiency retrofits so that
energy efficiency can become part of regular
departmental checks; and (ii) energy savings
should be made an independent item on
budgets, specifically drawing on the method
used in the “establishment of small- and
medium-sized enterprise item on municipal
fiscal budgets” from the “Method of Wuhan
Municipal to Implement the Law of the
Peoples Republic of China on Promotion of
Small and Medium-sized Enterprises (Draft)”.

4.7.3. Financial Mechanisms 
for Energy Efficiency 
Retrofitting of Existing Buildings 
in Hubei Province

Macro Strategies

Fostering Building Management Principles,
Overall Planning Debt Financing, Third-Party
Financing and Equity Financing 

According to the basic laws of economics,
resources that are able to bring economic
gain to the concerned party in the future are
called assets. Analyzing it from this perspect-
ive, buildings are hugely valuable assets. An
energy efficiency retrofit can not only bring
continual future savings on energy costs to
the proprietor or resident of the building ,
it can also serve wider society in reducing
energy consumption and improving the
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profit from both debt capital and equity
capital is all liable for enterprise income tax.
When the interest rate on debt and the rate
of income tax have already been fixed, and
the debt is of an appropriate scale and corre-
sponding level of taxation, the higher the prof-
itability of debt capital, the greater the effect-
iveness of financial leverage. When this prof-
itability is equal to the interest rate on debt,
financial leverage will be zero, and when it is
less that the interest rate financial leverage
will be negative. Whether or not an enter-
prise is able to benefit from the effect of
financial leverage depends upon the correl-
ation between the profitability of debt capital
and the interest rate on the debt. 

Controlling rights are not reduced — owners
retain fairly strong controlling rights over their
enterprises. 

• Drawbacks:
Sustained growth of debts will eventually
cause a crisis of financial capital. Debt puts
more pressure on companies because the
payment of this money and interest is a con-
tractual obligation that the company must
bear. If the company has no way of making its
repayments, it may face financial crisis. This
may increase the company's costs and reduce
its cash-flow. 
Satisfying certain credit requirements. Cred-
itors pay close attention to debtors' credit
situation and failing to meet creditors' mini-
mum requirements makes it very difficult to
obtain capital.
Satisfying profit demands. The cash-flow or
profitability of a project must meet debtors'
demands;

• When to use Debt Financing and Existing
Problems:
From the perspective of financing bodies,
proprietors and energy service companies are

Designing Financing Mechanisms

Designing financing mechanisms for retro-
fitting projects in terms of their financial
sources and uses complies with the principles
of building management and can maximize
a project’s effectiveness. As such, financial
mechanism design involves debt financing ,
third-party financing , equity financing , and
subsidized financing. 

Debt Financing

• Definition:
Debt financing is one of the primary forms
of externally sourced financing. Primarily, it
involves one of commercial credit, deposits,
guaranties or pledges to the external creditor
in order for them to lend the required capital;

• Strengths:
The Effectiveness of Interest Tax Credit: The
greatest strength of debt over equity is that
it may result in preferential taxation for the
company as interest on debt can be deducted
from pre-tax profits, meaning a reduction
of the income tax due and hence an increase
in value of the company. China's "Provisional
Regulations on Enterprise Income Tax" also
clearly stipulate, “Interest that a taxpayer
pays to a banking institution on a loan he has
borrowed during the term of production or
business operation, shall be deducted by the
actual amount”. Once the interest rate on
debt and the rate of income tax have been
established, the more corporate debt grows,
the more effective interest tax credit becomes;

The Effectiveness of Financial Levers: Because
creditors are only able to receive a fixed
amount of interest, with any surplus profits
going to shareholders, increasing the profit of
each share is effective financial leverage on
debt. However, one must retain that financial
leverage is only effective after-tax because
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Equity Financing

Equity financing is an exchange of money for
a share of ownership. Equity financing shares
the rights to profits of a company with its
investors, encouraging them to take on res-
pective risks and management responsibili-
ties. Investors share company profits through
bonuses. In one respect, Wuhan City is in the
middle of establishing a two-oriented society,
providing it with an opportunity to embark
on bold new developmental initiatives, innov-
ative system mechanisms, whilst promoting
economic and social scientific and harmon-
ious development. On the other hand, energy
efficiency building is a concrete manifestation
and support of the idea at the heart of the
construction of a two-oriented society. It
should stress the development of the energy
service sector which has so many potential
economic, environmental and social benefits.
The research group believes that Hubei
Province (Wuhan City) can play to its favorable
status across the whole industrial chain. It can
establish quite strong degrees of association
between energy efficiency retrofit engineering
of existing buildings and industrial links up
and down the chain, for example specialized
energy service companies, energy-efficient new
materials, new products, and new technology
companies based upon specialized work, with
operational costs at the center, releasing the
power of equity financing.

• Definition:
Equity financing is an exchange of money for
a share of ownership. Equity financing shares
the rights to profits of a company with its
investors, encouraging them to take on res-
pective risks and management responsibili-
ties. Investors share company profits through
bonuses.

the most suited to adopting a debt financing
strategy for the energy efficiency retrofit of
existing buildings.

Debt Financing by Building Proprietors
- Almost no residential buildings;
- Public buildings: Only very few managed
public buildings such as guest-houses and
hotels are forced through outlay pressures to
carry out an energy efficiency retrofit, which
they may finance through debt. 

Debt Financing by Energy Service Companies
(also known as third-party debt financing)
Based on the research groups' findings, energy
service companies in Hubei Province are not
only few in number (about ten), but their
projects are also extremely limited in scale. In
a credit environment with such adverse con-
ditions where ESCOs cannot meet the thresh-
old per project for external lending , access to
financing is virtually impossible.

• Designing Paths to Debt Financing:

Due to the fact that the energy efficiency
building market is not yet streamlined, the
initial stages of energy efficiency building are
under the proactive guidance of the govern-
ment. To establish a financing platform, debt
financing is the financing method of first
choice. In order to take full advantage of the
superior leverage of debt financing , a few
workable models have been chosen such as
dedicated funds, financial investment plat-
forms and energy efficiency building project
management offices. By injecting cash flow
into energy efficiency building , idle funds on
the market will be attracted towards the
energy efficiency building market, spurring
demand for its services and kick-starting
the growth of the energy efficiency building
industry.
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the Wuhan City Cluster” to create an energy
efficiency building industry supply chain. As
conditions have continually matured, the
industry supply chain has gradually broad-
ened, unleashing fully the potential of equity
financing and turning around the develop-
ment of the energy efficiency retrofit of exist-
ing buildings sector into a real engine of econ-
omic growth. 
The industry supply chain currently includes
upstream enterprises (energy-efficient mater-
ials, energy conservation scientific research),
midstream enterprises (energy-efficient prod-
ucts, the manufacture of energy-efficient
equipment), and downstream enterprises
(which include ESCOs, specialized inter-
mediary organizat ions ,  etc . ) .  P laying the
important role of linking these together are
logistics and storage industries, etc.

Subsidized Financing

Guided by management principles, investors
use their initiative, when circumstances allow, to
choose external or internal sources of financing
to subsidize debt and equity financing.

• Sustainable Financing Systems:

- Government-Led Financing Mechanisms:
Establishing an “energy efficiency building
revolving fund” initially serving to repay col-
lective capital and subsequently to expand
rolling growth.

First, establish a fund. Through various uses
of such funds, generate effective energy
savings with minimal energy consumption.
Second, effective use of the fund can push
forward the development of energy conserv-
ation work, in particular the development of
energy-efficient and renewable energy tech-
nology. Third, the use of funds has proven
that developing the energy efficiency retrofit
of existing buildings can effectively engender

• Strengths of Equity Financing:

First, capital raised through equity financing is
permanent, without an expiration date and
with no repayment requirements. Project
capital is the minimum requirement for a
project to guarantee capital and is the funda-
mental prerequisite to sustain a project's
long-term steady growth.
Second, there is no pressure to make fixed
repayments with deadlines. Whether divid-
ends are paid out, and at what price, is deter-
mined on the basis of actual operational
results and so the financial burden and
financing risks of the project are relatively
small. 
Third, it is at the basis of debt financing. Equity
financing is the most fundamental resource
of capital for a project. It is a sign of the
strength of the project and the basis for other
means of financing , especially in providing
creditors with a guarantee and strengthening
the company's debt-raising capacity.

• Drawbacks of Equity Financing:

First, fund-raising costs are quite high. Fund-
raising costs are higher than for debt financing.

Second, controlling rights are diluted. Many
investors hold equity in the company thereby
acquiring the right to share the company's
operating profits. The more investors a com-
pany has, the less control each investor has
over the company, which equally weakens the
influence of corporate decisions.
Overall, equity financing has come out of the
establishment of energy efficiency building
industry links. Based on Hubei Province's
comparative advantage in training personnel,
transport, advanced manufacturing , and
concentration of scientific research institut-
ions ,  advantage has been taken of the
“construction of a 'Two-Oriented Society' in



industrialization of the energy efficiency
sector. For example, in the Picardy Region of
France, in order to encourage local residents
to carry out energy efficiency retrofits, the
Regional Government, the EU, and the Envi-
ronment and Energy Agency jointly estab-
lished a fund. The Regional Government then
signed a cooperative agreement with three
banks, Banque Solfea, Domo Finance and
Banque Populaire for them to provide loans
to residents to carry out residential energy
efficiency retrofitting. The fund subsidized
the interest on the bank loans so the prop-
rietors only had to repay the capital, not
the interest. Since this incentive package has
been implemented, huge numbers of resid-
ents have applied for loans to carry out
energy efficiency retrofitting on their homes,
which has led to real growth in this sector.
Many companies specializing in design, con-
struction and supervisory work, and material
retailers have since come to Picardy, bringing
new sources of tax for the local government.
The regional government has taken full
advantage of these incentives to spur on
industrial growth in the area. To encourage
the use of solar power, subsidies have been
granted for the installation of solar powered
water heaters (€230 per m2), the objective
being to expand the integration of solar-
powered water heating into buildings. The
economic benefits of industrialized growth
are evident.

In the usual developmental path, first the
funds are created primarily to repay the initial
capital and provide dedicated capital. In this
way, the market for the energy efficiency
retrofit of existing buildings is effectively
started by way of subsidies, interest deduc-
tions, rewards and guarantees. This brings
with it wider-spread social capital invested

in the energy conservation sector, developing
into the second phase. The funds should now
enjoy independent accountability, and through
operational management of assets, payback
on energy efficiency improvements will con-
tinually strengthen the fund and ultimately
lead to further industrial growth.

Establishing energy efficiency retrofit project
management agencies to carry out the lead-
ing role of the government in the overall
management of projects.

Under the authority and supervision of a
functional government department, energy
efficiency retrofit project management agen-
cies are specialized agencies that undertake
the responsibility of independently managing
energy efficiency retrofit of existing building
projects. Their primary responsibilities are:
overall project planning , control and super-
vision, and the raising of batch funds. In
general, when dedicated funds have been
newly established, an energy efficiency retrofit
project management agency can first be set
up, the agency then has overall management
within certain boundaries, drawing in policy
loans or funds that already exist internation-
ally for energy conservation and emissions
reduction. Once the dedicated fund has been
set up, the agency can become the fund's (or
dedicated fund's) coordinated management
organ. Based on experience in China, project
management agencies that carry out such a
role have been quite successful.

Building a “Financing Platform for Energy
Conservation and Emissions Reduction”,
substantiating operations: a gradual transition
to market-led business.

As the energy efficiency building retrofit
sector is so diverse, when funds move into
their second phase of operation, it is possible
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that the project offices acting as functional
government departments will no longer be
able to meet the demands of large-scale
energy efficiency retrofit projects, and that
therefore they will need to build a platform
for financing , meaning substantiating their
business operation. 

Building up a platform for financing should
be planned in accordance with modern enter-
prise principles and suited to the growth of
the production chain. It could be established
on the group enterprise model, [ 28] made up
of a State-owned assets management limited
company, a technology service limited com-
pany, and a logistics service limited company.
According to Article 12 of the Provisional
Administrative Regulations on the Regis-
tration of Enterprise Groups, the parent
company of enterprise groups must be
approved by the State Council or the Provincial
Government in order to become an autho-
rized investment institution of the State or
provincial government, or an exclusively State-
owned enterprise. Therefore, Hubei Provincial
Government could support the “project
office” in establishing a State-owned assets
management limited company, as the parent
company, and a technology service limited
company and a logistics service limited com-
pany as subsidiary companies linked by capital,
forming an enterprise group that incorporates
a non-profit operating fund with a market-
oriented space for profit. This would bring
about growth in the energy conservation/
emissions reductions production chain, driving
internal demand, boosting employment and

ultimately help reach the economic, social
and ecological targets of energy conservation
and emissions reductions.

Setting up State-Owned Assets Management
Limited Companies: It can be an investment
holdings company that, by making use of poli-
cies and using debt and equity financing , can
enlarge and strengthen its assets, increase its
interests investment, management and oper-
ational capacities, standardize corporate organ-
izational systems, financial investment sys-
tems and project supervision processes. The
energy conservation/emissions reduction
sector will accumulate a wealth of industrial
investment experience from such work. 

Establishing a Technology Service Company:
A technology service company, established
through investment holdings of the State-
owned assets management limited company,
while responding to market needs, should
open up the technology service sector. This
should involve dominating the market and
leading technological service standards in
energy evaluations, refurbishment project
design, information, energy construction and
supervision work. 

Establishing a Logistics Service Company:
The growth of energy-saving work will offer
huge commercial opportunities in the dis-
tribution of energy-efficient material. Wuhan
City has an advantageous geographical posi-
tion — human resources and also logistics
and communication networks converge
here. A logistics service company set up by a
State-owned assets management limited
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company could meet market demands and
bring about and standardize a healthy, ordered
development of the energy-saving products
logistics industry.

- Market-Led Financing Mechanisms:

Phase one, angel investors get involved. Angel
investors are well-educated individuals with
high incomes and substantial wealth, sub-
stantial business success and particular inter-
est in the initial stages of an enterprise. They
are able to invest their own personal capital
directly in the newly-founded business. Angel
investors are very valuable because they are
willing to embark upon relatively small invest-
ments. The threshold for entering such a
company is quite low. This is one of the main
forms of private capital involvement. 

Phase two, attract venture capital. Venture
capital is capital from venture investment
companies who invest in newly-founded
enterprises as well as small companies with
exceptional growth potential. The benefits of
attracting venture capital financing are: (1)
venture investment capital is generally greater
than that of angel investors, and (2) venture
capitalists are very well-connected in the
business world and can provide a great deal
of help besides their investment, such as
valuable business strategy advice. Drawbacks:
the venture investment industry expects high
returns; venture capitalists' investments are
subjective and extremely narrow. Venture
capitalists are cautious and they tend to focus
on a very small portion of innovative growing
companies. 

Phase three, initial public offering (IPO).
Another source of equity financing is selling
shares to the public through an initial public
offering. Despite there being many benefits
to a company being listed, it is also a very
complex and costly process. While being able
to raise a huge amount of capital, the com-
pany must also undergo public scrutiny. 

To conclude, the first two phases require
strong government support and impetus,
whilst the third phase is primarily dependent
on the support of market forces. In accord-
ance with the rules of market investment,
this can generate strong growth.

- Coupling-Up the Two Mechanisms:

On the back of powerful government impe-
tus for energy efficiency retrofitting of exist-
ing buildings, healthy market growth has
established and extended the energy service
industry supply chain, driving the market and
supply chain to initiate a self-developing ,
self-improving cycle.

Government intervention should initially play
a leading role to boost the market, before
switching to providing the complementary
services needed by a mature energy efficiency
of existing buildings market and industry,
allowing the two to work in harmony with
one another.
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4.8.1. Introduction

Energy conservation and emission reduction
have become focal points of the international
community due to increasingly serious envi-
ronmental pollution and shortages of resour-
ces and energy. A certain amount of success has
already come from the nationwide develop-
ment of energy efficiency building as part of
the overall implementation of the scientific
outlook on development, the spirit of which
is exemplified in documents such as The
Energy Conservation Law of the People’s
Republic of China, The Renewable Energy
Law of the People's Republic of China,
Regulations on Energy Conservation of Civil
Buildings, as well as the Decision of the
State Council on Strengthening Energy-
conservation Work (No. 28 [2006] of the
State Council), Opinions of the State Council
Concerning Accelerating the Development of
the Service Sector (No.7 [2007] of the State
Council), and the Notice of the State Council
on Printing and Distributing Arrangements
for Energy Conservation and Emission Re-

ductions. But in contrast to such success is the
underdeveloped state of the construction of
a financial service system for energy effi-
ciency building , resulting in many obstacles to
project development. The shortages in finan-
cial capital for energy efficiency building and
insufficient guarantees make achieving set
targets in energy efficiency building particul-
arly challenging. Consequently, bolstering
construction of a financial service system for
energy efficiency building has become a key
element in promoting the sector's develop-
ment. In today's turbulent international finan-
cial market, instabilities in the international
economic environment have markedly in-
creased. At the Executive Meeting of the
State Council that opened on October 17,
2008, Premier Wen Jiabao made it clear that
in light of the current economic situation, the
following measures should be taken: work in
energy conservation and emissions reduction
should be advanced; investment in the energy
sector should be increased; the guarantee
system for SMEs should be improved; and
financial institutions should be encouraged to
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A factor analysis looks at characteristics of
financial systems in China and abroad in terms
of their organizations, financial instruments,
and complementary systems. 

Organizations

Organizations of financial service systems for
energy efficiency building include any form of
entity that is involved with financing the
energy efficiency building market. On one
side there are the suppliers of funds, provid-
ing and granting loans to those in need of
funds for energy efficiency building , or pur-
chasing securities and other financial instru-
ments issued by energy service companies;
on the other, there are demanders of funds
for carrying out energy efficiency building.
Of these, depending on the various channels
of financing , financial organizations of energy
efficiency building primarily include: banking
institutions, non-bank financial institutions
and governments. Banking institutions' main
form of financing is by providing more bank
credit to energy service companies and indi-
viduals. Non-banking financial institutions
mainly finance energy service companies and
individuals through share offerings, bonds,
investment trust funds and other financial
instruments. Governments play a dual role
in the financial system for energy efficiency
building. On the one hand, the govern-
ment is there as a supplier of funds, on the
other, it functions as a regulator of the finan-
cial service system. The government's role as
regulator is seen in their macroeconomic
and political control of the energy efficiency
bui lding f inancial  market,  their  support
through government interest subsidies, etc.,
and their use of government credit to provide
guarantees for secured loan organizations
and ensure the growth of the secured loan
and securities markets.

grant more loans to SMEs. At the Executive
Meeting of the State Council that opened on
December 3, policies aimed at encouraging
economic growth with finance, such as insur-
ance companies investing in infrastructure
and energy by means of equity, or the creat-
ion of new means of financing , were once
again highlighted. Several Opinions of the
General Office of the State Council on
Providing Financial Support for Economic
Development (No. 126 [2008] of the State
Council), released on December 13, articul-
ated further the creation of new means of
financing and the expansion of corporate
financing channels, providing an excellent
opportunity to develop the financial service
system for energy efficiency building. Conse-
quently, this study is aimed at designing a
financial service system for energy efficiency
building. By strengthening government lead-
ership and supervision, and effectively using
price, tariff, taxation, fiscal, and banking levers,
a healthy market mechanism of financial
services for energy efficiency building could
be established. This would unlock the internal
dynamism of financial services to drive growth
in energy efficiency building itself. 

4.8.2. Factor Analysis of Domestic 
and International Financial 
Service Systems for Energy 
Efficiency Building

A financial service system for energy efficiency
building refers to an organizational system in
which both the suppliers and demanders of
funds for energy efficiency building use finan-
cial instruments to finance all kinds of energy
conservation. It is a constituent part of the
social finance system that, established through
modern communication facilities, combines
the financial instrument system, and comple-
mentary systems related to financing activity.
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upon for any concrete projects. It can thus be
seen that organizations for the financial ser-
vice system for energy efficiency building in
China have yet to mature fully.

Financial Instruments

There are very few financial instruments spe-
cifically designed for financial service systems
for energy efficiency building. However, well-
developed financial instruments already on
the market can also be used. One kind are
those common to all financial systems, such
as shares, securities, notes, working capital
loans, trust loans, and loans by consignment.
Another kind are specific to the real estate
financial system, such as mortgages, real
estate project bonds, real estate investment
trust funds, foreign real estate financing , and
housing mortgage obligated securities.

The first steps in creating a system of finan-
cial instruments that combines governmental
and market-oriented practices have already
been taken in the drive to develop energy
efficiency building abroad. A number of
methods have been drawn upon, including
fiscal support, bank loans, mortgages, and
asset securitization, but the vast majority
have combined complementary financial in-
struments used in housing construction devel-
opment. For example, the USA introduced
economic policy incentives, including cash
subsidies and tax exemptions, and gradually
increased the fiscal budget for energy effi-
ciency building , which was accompanied by
market-based funding support, including low-
interest loans and energy contract manage-
ment. The Swedish government introduced
financing for energy efficiency housing con-
struction, providing long-term, low-interest
or subsidized-interest loans for housing con-
struction capital. Poland put into practice a
complete set of financial measures for energy
efficiency building , including the first 20% of

Governments took on a leading role in the
initial development of the financial service
system for energy efficiency building abroad.
Through the formulation of relevant laws and
regulations, dedicated funds for energy effi-
ciency building were set up and administered
and financed by energy efficiency building
financial service organizations. In 21 states of
the USA, for example, there were previously
no non-profit foundations for energy effi-
ciency. Funds for foundations were hence
raised by increasing the cost of electricity by
2% to 3%. Public service commissions in each
state are responsible for their administration.
Japan has also set up energy efficiency found-
ations, granting specialized organizations the
responsibility of raising , administering and
allocating the funds. The UK's energy effi-
ciency building foundation provides between
£2-3 million a year in subsidies for residents to
buy energy-saving gas-fired boilers. Following
the growth in energy efficiency building , a
number of commercial banks and develop-
ment banks such as Poland's Gospodarstwa
Krajowego Bank (BGK) ,  KfW and the
International Bank for Reconstruction and
Development (IBRD) have become important
suppliers of funds. 

In China, the central government has set up a
“Dedicated Fund for Renewable Energy
Buildings”, a “Dedicated Fund for Energy
Efficiency in State Organ Office Buildings and
Large Public Buildings”, and a “Reward Fund
for Energy Efficiency Retrofitting and Heat
Metering of Existing Residential Buildings in
Heated Northern Areas”, but their support
for them is limited to demonstration projects.
The China Development Bank has set up a
“Special-Purpose Loan for Energy Conserva-
tion and Emissions Reduction”, and commerc-
ial banks have set up variously named new
energy funds, but they are yet to be drawn



energy efficiency retrofitting being assumed
by the homeowner, with the remaining 80%
being covered by a bank loan from BGK, who
manages State construction funds. 

At present there is only one kind of financial
instrument available to China's financial mar-
ket for energy efficiency building. It must rely
upon fiscal and economic policy incentives
at every governmental level. This means
beneficiaries are relatively few and the level
of support quite limited, resulting in slow
growth in the energy eff ic iency bui lding
sector.  Consequently, financial instruments
must be designed that are specifically adapt-
ed to the financial service system for energy
efficiency building in China. 

Complementary Systems

Putting in place financial systems requires the
support of other related complementary
systems including energy efficiency building
laws and regulations, technical standards,
macro regulatory and supervisory measures
by the government, intermediary service
providers such as energy efficiency building
evaluation organs, guarantee agencies and
credit rating bodies, etc.

Foreign governments have formulated policy
measures that standardize the energy effi-
ciency building market in terms of both
legal and technical norms. The USA has, for
example, enacted the Energy Policy and
Conservation Act of 1975, the Federal Energy
Policy Act of 1992, the Energy Policy Act of
2005, and set up the Leadership in Energy and
Environmental Design (LEED) Green Building
Rating System. Japan has instituted an Act
of the Rational Use of Energy, as well as the
Comprehensive Assessment System for Built
Environment Efficiency (CASBEE). The UK,
for their part, established the world's first
green building standard, BREEAM. 

China has, more or less, already established
the legal framework for the field of energy
efficiency building with the enactment of
The Energy Conservation Law of the People’s
Republic of China, The Renewable Energy
Law of the People's Republic of China, Re-
gulations on Energy Conservation of Civil
Buildings, and the Regulations on Energy
Conservation of Public Institutions. Initial
steps have been taken to create a system of
technical standards for energy efficiency
building through the formulation of technical
standard guidelines covering each respective
climatic region, a bulletin on energy efficiency
information, and measures for green building
evaluations. Economic policy incentives have
also been drawn up for demonstration pro-
jects in energy efficiency building. Having said
this, these kinds of complementary policies
still lack cohesion and their effect on the
financial service system for energy efficiency
building is yet to be felt. 

From a comparative factor analysis of finan-
cial service systems in China and abroad, it
has become clear that such a system has yet
to be properly established in China. Despite
a relatively high market demand for capital,
the corresponding supply guarantees have
not materia l ized.  Consequently,  i t  i s  of
immediate urgency that the internal links in
demanders of funds are clarified, and that
models for the construction of a financial
service system for energy efficiency building
are reorganized.

4.8.3. Links and Categories 
of Demanders of Funds

Feature Analysis of Demanders of Funds

An analysis of the needs and degree of satis-
faction of various demanders of funds on the
energy efficiency building market in China has
been conducted. 
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It looked at their motivation for seeking
funds, their project content, the amount of
capital involved, their ability to repay loans, and
the corresponding risk, focusing on both macro

and micro characteristics. It divided them into
three levels: governmental, corporate and
individual. Detailed results can be seen in
Table 50.
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Level, Motivational and Featured Analysis of Demanders 
of Funds on the Chinese Energy Efficiency Building Market

50Table

Extent to which
Demand Has
Been Met

Features 
of Demand

Source: Author.

Partly MetEmphasis on Macro
Planning, Small
Amounts,  Repayments
Unnecessary

Reason 
for Demand

Public Supervision 
of Energy
Efficiency Building

Central
Government

Slightly MetComprehensive Local
Supervision, Relatively
Small Amounts,
Repayments Unnecessary

Coordinate the
Public Supervision
of Energy Efficiency
Building

Local
Government

Slightly MetRelatively High Demand
for Capital, Quite Strong
Repayment Capacity,
Quite High Risk

Energy Efficiency
Building Project
Development,
Implementation

Property
Developers

UnmetRelatively High Demand
for Capital, Quite Strong
Repayment Capacity,
Medium Risk

Production 
of Equipment 
for Energy
Efficiency Building

Equipment
Producers

UnmetHigh Demand for Capital,
Strong Repayment
Capacity, Medium Risk

Providing Services
for Energy
Efficiency Building

Energy
Efficiency
Building
Service
Companies

UnmetRelatively High Demand
for Capital, Quite Strong
Repayment Capacity,
Quite High Risk

Carrying Out
Energy Efficiency
Retrofits of Public
Buildings

Owners 
of Public
Buildings

UnmetRelatively Low Demand
for Capital, Quite Strong
Repayment Capacity,
Quite Low Risk

Energy Efficiency
New-Builds or
Energy Efficiency
Retrofitting

Property
Rights
Holding Units

UnmetRelatively Low Demand
for Capital, Quite Strong
Repayment Capacity,
Quite Low Risk

New-Build Energy
Efficiency or Energy
Efficiency
Retrofitting

Residents

Level and Nature 
of the Demander of Funds

Government
Level

Corporate
Level

Individual 
Level
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Categories and Links of Suppliers and Demanders of Funds69Figure

Demander
of funds

Primary Reasons 
for Credit Demand

Supplier
of Funds

Nature 
of Supplier

Policy
Organs

Central
Government

Local
Government

Property
Developers

Equipment
Producers

Energy Efficiency
Building Service
Company

Owners of Public
Buildings

Property Rights
Holding Units

Residents

To Supervise
Energy Efficiency
Building

To Supervise
Energy Efficiency
Building 

To Develop
Energy Efficiency
Building  Projects

To Produce
Energy Efficiency
Equipment

To Provide
Energy Efficiency
Building Services

To Carry out Energy
Efficiency Retrofitting
of Public Building

To Carry out
Energy Efficiency
Retrofitting

To Carry out
Energy Efficiency
Retrofitting

Source: Author.

Financial Support
at Every Level
of Government

China
Development Bank

Government
Commissioned
Agencies

Commercial
Banks

Securities
Dealers

Trust 
Companies

Insurance
Companies

Other

Private
Capital

Informal
Organizations

Commercial
Organizations

From the above analysis, the demand for
funds on the energy efficiency building mar-
ket in China can be said to have the following
features: 

There is a big demand for funding , on many
levels. Any party related to housing , from
the government down to residents, has, to
a greater or lesser extent, a demand for
funding energy efficiency building. As a result,
the sums of capital involved are quite large
and the demand quite diverse;

Few needs are being met. The government has
already set up dedicated funds for renewable
energies, and energy efficiency retrofitting of
large public and existing residential buildings,
but so far these have only provided funds

for demonstration projects and their level
of support limited, leaving the demand for
funding largely unmet. 

Categories of Suppliers and Demanders of Funds

To meet the credit requirements of different
demanders of funds, capital must be ob-
tained from corresponding suppliers of funds,
but under many circumstances, the respond-
ing links are not simply one to one. As a result,
the complex network of links shown in
Figure 69 has arisen. Suppliers of funds for
energy efficiency building can be divided into
the following: policy organs, commercial
organizations, and informal organizations,
where policy organs include government
institutions and policy banking organizations.



4.8.4. Model Framework 
for a Financial Service 
System for Energy Efficiency 
Building in China

An analysis of the features, links and catego-
ries of suppliers and demanders of funds in
the financial service system for energy effi-

ciency building in China shows that certain
suppliers often correspond to specific fund-
ing channels, which ultimately have corre-
sponding implementing bodies to release the
funds. This forms an initial stage of financial
service system construction, as shown in the
developmental model in Figure 70. 
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Construction Models of a Financial Service System 
for Energy Efficiency Building

70Figure

Supplier 
of Funds

Supply Channel 
for Funds

Implementing
Body

Model

Policy
Institutions

Policy
Incentives

Preferential
Taxation

Subsidies on
Loan Interest

Medium 
to Long-Term
Loans

Favourable
interest Rate
Loans

Energy Efficiency Building
Financial Products 
and Services

Investment Pledges
and Returns

Providing Technical Support and Establishing
Related Regulatory Mechanisms

Fixed Amount
Subsidies

Concessional
Loans

Policy 
Organs

Informal
Organizations

➜ ➜ ➜

➜

➜

➜

➜

Ministry of Housing
and Urban-Rural
Development

Informal
Organizations

Policy Bank

Financial Departments
at Every Level

Taxation Departments
at Every Level

Commercial
Bank

International
Development
Banks

China
Development
Banks

Model 1:
Based around
Fiscal and
Taxation
Policy

Model 2:
Based around
Policy 
Financial
Products

Model 3:
Based around
Commercial
Financial
Products

Model 4:
Based around
Capital
Gains

Model 5:
Based around
Implementing
Mechanisms

➜

Source: Author.



Financial Model for Energy Efficiency
Building Based around Fiscal 
and Taxation Policy

The main organizations involved in this kind
of model are fiscal and taxation departments
at all levels, while the primary financial instru-
ments are fiscal and taxation economic policy
incentives that relate to energy efficiency
building. Fiscal policy includes fiscal subsidies,
and subsidies on loan interest payments,
etc., whilst preferential taxation includes poli-
cies that offer preferential tax rates and
tax exemptions to all  parties involved in
the energy efficiency building market. Such a
model is well suited to the early stages of
development of a financial market for energy
efficiency building , where fiscal levers can
effectively resolve funding shortages in an im-
mature market. However, there are currently
not very many economic policy incentives of
this nature in China, and those that do exist
are not part of an organized system. More
systemic fiscal and taxation policy should thus
be formulated.

Financial Model for Energy Efficiency
Building Based Around Policy Financial
Products

The main organizations involved in this kind
of model are policy banks providing financial
support for energy efficiency building in
China, including the China Development
Bank and various other domestic and over-
seas development banks. The primary finan-
cial instruments available to this model are
the selection of financial products offered
by such banks. These include long-term soft
loans, dedicated funds for energy conserva-
tion and emissions reduction as well as indus-
trial investment funds, all of which are capa-
ble of providing financial support for energy
efficiency building , but in reality stil l  lack

the experience of putting it into practice.
Financial products specifically customized to
energy efficiency building are still required.

Financial Model for Energy Efficiency
Building Based Around Commercial
Financial Products

The main organizations involved in this model
are all the various kinds of commercial banks,
and the model's main financial instruments
are commercial financial products. The com-
mercial model will probably become the prim-
ary financial model for energy efficiency
building in the future but currently has relati-
vely few financial instruments available for its
use. Until now, there have only been a small
number of experimental guaranteed loans
granted to energy service companies. In the
future, the financing of energy efficiency
new-builds should consider merging more
with the financing of the real estate market,
while that of energy efficiency retrofitting of
existing buildings could focus more on des-
igning its own independent financial products.

Financial Model for Energy Efficiency
Building Based Around Capital Gains

The main actors involved in this kind of
model are high net worth individual investors
and corresponding investment organizations,
with various kinds of loans and flexible means
of investment as its main financial instru-
ments. China currently has a very active priv-
ate capital market, with idle funds in abund-
ance. These funds could be attracted to the
energy efficiency building market if its profit
models could be scaled up and stabilized. This
kind of financial model has yet to be applied in
practice but the financial profitability of the
energy efficiency building market should allow
for it to become a future model for growth. 

[ ] ©AFD / Implementing Large-Scale Energy Efficiency Programs in Existing Buildings in China /October 2010248



Financial Model for Energy Efficiency
Building Based Around Implementing
Mechanisms

The main organizations involved in this kind
of model are policy institutions that ensure
the growth of the financial system for energy
efficiency building. The guarantees and imple-
menting mechanisms they provide are the
primary financial instruments available.  Des-
pite being unable to bring about direct cash
inflows, this model is able to attract invest-
ment in energy efficiency building from the
suppliers of funds mentioned in the four
financial models. It does this by providing
technical assistance and regulation of guaran-
tee agencies, such as regulating relationships
between market entities, clarifying potential
profit models, enforcing supervisory and risk
avoidance mechanisms, and carrying out
energy consumption checks. It is thus able to
serve as a preceding element in the develop-
ment of the other four models. 

4.8.5. Conclusion

The financial market for energy efficiency
building constitutes an important part of
China's financial markets. Complementary
policy systems should be established to
strengthen financial service system guaran-
tees and open up and develop the R&D on
corresponding financial products that will
ensure the security of the financial system
for energy efficiency building. The need to
increase security and lower risk is particular-
ly crucial given the current international
economic situation. This paper has looked
at features of financial service systems for
energy efficiency building in China and
abroad. Construction models for China's
financial service system for energy efficiency
building have put forward our corresponding
thoughts and suggestions, with the hope that
they may go some way towards developing
the provision of financial support for China's
energy efficiency building sector. 
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Part 5.
Way Forward
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This presentation deals with the necessity of
implementing a demonstration program as a
logical extension of the work done until now,
which is analytical and theoretical, albeit
based on a careful assessment of existing
buildings. As we could see in previous presen-
tations, the data obtained from statistics and
audits have been used to their full extent to
provide a clear picture of investments and
energy savings potential, as well as of environ-
mental impacts involved in a large-scale thermal
retrofit program.

What do studies allow us 
to conclude?

We identified 3 levels of thermal rehabili-
tation. Each level corresponds to a range of
investment costs and energy savings. Accord-
ingly, it also corresponds to a representative
payback period.

Then, we used the data obtained at the level
of Wuhan city to extrapolate stakes in terms
of investment costs and energy savings to
Hubei Province and even to the Yangtze River
area (Anhui, Jiangxi, Hubei and Hunan).

It was shown that building types (use) and
equipment (fuel and efficiency, local, central-
ized, etc.) have a strong influence on the defin-
ition of the optimized rehabilitation package.
However, we were able to determine the
main guidelines with reasonable accuracy. It

allows us to guide the decision-making pro-
cess by giving a framework of performances
and costs that are representative of different
types of buildings.

What are the limits of such a study?

Since the study was based on statistics and
samples, its accuracy is necessarily limited. 

The relevant solutions for envelope rehabili-
tation are hard to generalize since it is a func-
tion of building types, fuels and equipment.
Even if we were able to define typical rehabili-
tation programs, it is obvious that detailed pro-
grams can only be done on specific buildings.

A demonstration program is necessary to go
beyond the scope of exploration, be more
accurate in terms of savings and investment
potential, and determine the most relevant
rehabilitation packages corresponding to
real cases.

Going from Studies to Practice

A demonstration program calls for feasibility
studies. These studies allow the adjustment
of energy-saving packages to each real case.
Among other improvements, it is the occa-
sion to consult product suppliers for more
accurate information on technologies and pri-
ces. It is also where one can raise technology-
specific issues. For instance, external insula-
tion for high-rise buildings can be difficult to

5.1. Role and Objectives 
of a Demonstration Program

Mr. Michel Raoust, General Manager, 
TERAO Green Building Engineering
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implement. And in addition to the technical
difficulty, some buildings have expensive
external coatings for decoration. In such
cases, the owner may be reluctant to choose
external insulation and would rather go for
internal insulation.

For most cases, it is very likely that a complete
rehabilitation of the envelope is too expensive.
Therefore, in such cases, envelope improve-
ment might occur only partially. The choice to
improve either insulation or windows and
shades is a function of the building and its
HVAC equipment. Indeed, these factors will
influence the importance of HVAC energy
consumption within the total energy bill
and therefore the energy-saving potential of
the envelope.

Regarding the systems, specific technologies
apply to specific buildings. In the case of
shopping malls, we have highlighted that
fresh airflow rate is the most impacting factor
on energy demand (up to 40% of the load).
Therefore, heat recovery AHU (air handling
units) for shopping malls can be a very effi-
cient strategy to save energy.

In hotels, fresh airflow rate is also an impor-
tant part of loads and might call for optimized
airflow rate regulation. Also, heating demand
is higher in such buildings than in offices.
Moreover, hotels are typically very demand-
ing in terms of domestic hot water (DHW).
Therefore, combined heating/cooling and
domestic hot water heat pumps for hotels
can be a very efficient strategy.

The demonstration program is also necessary
to assess the building owner’s motivation and
interests. It can tell us why the owner is reluc-
tant to go for rehabilitation. It is necessary
to have a better knowledge of the levels of

rehabilitation that can be acceptable in terms
of investment for him or his bank. In addition,
it is very common for owners not to be aware
of the potential energy savings and other
advantages, like increased comfort, that im-
prove employees’ productivity. 

Most importantly, owners and investors need
to see something operational before taking a
financial risk!
As an example, in Harbin (northern China), 5
residential buildings were retrofitted in 2006
as part of a demonstration program. As it was
a success, the following years the city of Harbin
went on to retrofit 100,000 m2 of residential
buildings with the same techniques. 

The demonstration program enables one to
adjust the techniques on site, monitor real
performances, test the reliabil ity of calcul-
ation methods, and have the owners realize
the full scope of benefits they can have. 

It is necessary to reach the goal of this research
program — the design and implementation of
financing mechanisms — by dealing with the
real actors involved in the financial side of
thermal retrofitting projects. There-fore, the
demonstration program should be applied on
a sufficient scale for such financing mecha-
nisms to be applied.

To conclude, this demonstration program is a
necessity in order to fully reach the objectives
of the research program, come out with pos-
sible improvements, and overcome the cur-
rent implementation difficulties. The support
of decision-makers is thus needed for large-
scale implementation. It is also necessary to
have practical examples in order to come up
with the best financing mechanisms applied
to small-, mid- or large-scale programs.
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5.2.1. Implementing Energy 
Efficiency Policies

Two Essential Conditions

Political determination is the first condition
required to develop an energy efficiency
policy in every sector. Producers and suppliers
of energy hold strong positions in the econ-
omy and have an undeniable influence on
politicians and policy-makers. Energy effi-
ciency does not have the same economic
power because it is dispersed between all
sectors of activity, which is why it needs
constant, high-level political support.

The second condition is the price of energy
products at the consumer level. The price of
energy must reflect the cost of a well-mana-
ged energy system and gradually incorporate
the cost of externalities, such as environmen-
tal degradation. Price increases, whether the
cause is internal or, as is more frequently the
case external, do not lead to energy efficiency
unless specific policies and appropriate means
are in place to capitalize on the stakes and
potential. However, if consumer prices are kept
artificially low, efforts to increase energy
efficiency are apt to be in vain.

A Set of Complementary Tools 
and Instruments

Implementing an energy efficiency policy re-
quires the setting up of a series of major tools
and instruments that are complementary:

• Institutional Capacity Building for conceiving,
organizing and supporting efficient energy
programs and projects; 

• Legislation and Regulations related to energy
efficiency;

• Information, Communication and Training
to increase consumers’, enterprises’ and
decision-makers’ awareness and compet-
ence; and

• Financial incentives from the government
and financing mechanisms adapted for
use in energy efficiency projects.

Institutional Capacity Building

Energy efficiency programs will be successful
only if they are designed and executed with
the full agreement and cooperation of all
the economic agents concerned. The imple-
mentation of projects is a decentralized and
diversified activity. Responsibility for it lies
with the enterprises — either concerning
their own energy use, or in the manufacture
or sale of efficient equipment — local author-
ities, government services, and households.

To motivate this network of partners, inform
them on the best practices and instruments,
train professionals, prepare energy efficiency
regulations, elaborate and launch new pro-
grams, and promote energy efficiency through
financial incentives there is a need for appro-
priate entities. The public service of energy
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long run. The prerequisites for the success
of agency action are political determination
at the highest government level, freedom of
action and autonomy of management, the
employment of high-qualified personnel, and
stable financial resources.

In parallel to national or regional initiatives,
another fundamental arena for energy effi-
ciency implementation is the city or town.

The city occupies a strategic position in the
implementation of programs of action in the
fields of energy efficiency and environmental
protection:

• It is often the producer and distributor of
energy in its territory;

• It consumes energy (in its own buildings
and facilities, in the urban transportation
system, in households, industries and ter-
tiary activities);

• It is, to a large extent, in charge of urban
planning and regulations in the field of build-
ings and urban development;

• It also has an important role in providing
incentives or subsidies for social activities.

Developing energy efficiency and environ-
ment protection programs at city level
requires a certain number of capacities and
instruments to be created to collect and deli-
ver information, analyze energy consump-
tion and pollutant emissions, propose new
transportation schemes, implement demand-
side management projects, etc.

Legislation and Regulations

Legislation and regulations represent a very
powerful way to improve the efficiency of
new equipment and buildings, especially in
sectors in which there are a multitude of
consumers who are not always aware of
energy costs. 

efficiency promotion and animation is of a
new type compared to the traditional role of
government services or regional and local
administrations: it must be entrusted to spec-
ific and competent organizations.

With varying positions and status, public
bodies charged with promoting , facilitating
and implementing energy end-use efficiency
policies and programs exist in most OECD
countries, and in particular in all countries of
the European Union at national and often
at regional levels. 

The main tasks of these "Energy Efficiency
Agencies" (which are often also in charge of re-
newable energy development) are as follows:

• Integrate the objectives of energy efficiency
into the economic, industrial, R&D, build-
ing , transport and energy policies of the
country (or the region);

•Design, in cooperation with the concerned
partners, a national (or regional) energy
efficiency program for the short, medium
and long terms;

• Elaborate and propose decisions regarding
regulations and standards;

•Organize and promote energy audits, dem-
onstration operations, dissemination of
efficient techniques;

•Organize and coordinate information and
training programs on energy efficiency;

•Organize and coordinate financial incentives
and develop innovative financial mecha-
nisms for energy efficiency projects; and

• Participate in international cooperation.

The great advantages of building permanent
and specific institutions devoted to energy
efficiency are the coherence of approaches
and the capacity to follow through and im-
plement an energy efficiency strategy in the
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The introduction of a label must be accom-
panied by consumer information.

Mandatory Regular Energy Audits

In industrial plants, large tertiary sector build-
ings (hospitals, hotels, etc.) and transport-
ation fleets, energy audits allow one to identify
the technical and economic measures neces-
sary to achieve energy savings.

As a general rule, good maintenance meas-
ures alone, without heavy investment, can
reach savings of 15 to 20%.

In many countries, energy audits are compul-
sory (and partly subsidized by the State) for
large energy consumers.

Information, Communication and Training

Information

Information is usually the first type of meas-
ure to be considered since it requires less
preparation and smaller budgets than other
types of measures. The bodies in charge of
promoting energy efficiency are the most
likely coordinators of information programs,
ensuring that a coherent message is delivered
by the many different actors in the energy
efficiency scene. They can also initiate inform-
ation campaigns themselves, when needed.

General information is useful to create and
maintain consumer awareness of energy effi-
ciency. It often targets energy-saving poten-
tial which can easily and immediately be
mobilized through a change in the behavior
of the population. Thus, information cam-
paigns have targeted primarily private resid-
ential and transport consumers: sometimes
industrial and commercial consumers have
been included. 

Targeted information campaigns are often
indirect: they pass through professional and
consumer organizations or industrial organ-

Although initially the use of regulations was
mainly reserved for new buildings or equip-
ment, it has also been considered in some
countries to impose maintenance on existing
energy-consuming equipment (buildings,
boilers, vehicles).

The most widely used regulations are on build-
ings, electric appliances, and energy audits.

The Building Sector

Thermal regulations for the construction of
new buildings have been promulgated since
the mid-1970s in all OECD countries and are
being drawn up in a number of developing
countries (for instance in the Maghreb coun-
tries). These regulations have a considerable
effect over a long period and are cost-effect-
ive given the technical progress made in
building methods and the quality of building
materials. In France, for instance, the quantity
of final energy needed for heating a given
dwelling has been cut in two over the past
thirty years.

Standards and Labels 
for Electric Appliances

Standards and labels do not affect the market
in the same manner. While standards set a
minimum value for energy efficiency and ban
from the market appliances which consume
too much energy, labels inform the consumer
on the energy efficiency of a product and
enable him to compare between the various
models available. In some cases, in particular
for widely used appliances (refrigerators),
the two approaches are combined: labels are
accompanied by a ban on the less efficient
models.

In most countries (and for the European
Union as a whole), both standards and labels
have been issued for domestic electrical
appliances.
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suming equipment probably has a greater
impact. Energy audits fall into that category.
They include a detailed survey of the energy
used in an industrial firm, in a transport com-
pany or in a building , and an indication as
to what actions can be done to reduce the
energy bills: reduce consumption (energy effi-
ciency actions), shift to another fuel (energy
substitution), or introduce tariff variations (so
as to modify consumption patterns, for
instance through load management). In some
countries the approach has been to have the
energy efficiency agency undertake the sur-
veys free of charge or at a limited cost; in
other countries, the audits have been left
to private sector firms; in that case the role
of the administration is to contribute finan-
cially to the cost of the audit. In Europe more
recently, electric or even gas util ities have
been proposing energy audits to their large
customers.

Training

Training is another important measure that
can concern all types of professionals invol-
ved in the design (architects, engineers),
construction (workers, technicians), opera-
tion (drivers, pilots, technicians), and control
(auditors, consulting engineers) of energy-
consuming equipment, vehicles or buildings.
All energy efficiency agencies, energy admin-
istrations or international organizations have
supported various types of training. At all
levels training is fundamental. The most effi-
cient vehicles can loose part of their effi-
ciency gains if the drivers are not properly
trained in energy-saving driving , or if the vehi-
cles are not properly maintained. For a new
technology, it is important that all profession-
als involved from design to operation are
trained; if one link is missing , part of the pot-
ential gains may be lost. To be efficient, train-
ing must also be well-targeted

izations. This type of campaign often has a
stronger impact on consumers than general
information campaigns because such organ-
izations are usually considered trustworthy
by their members. It is thus often more inter-
esting to organize targeted information
campaigns than general ones when funds
are limited.

Another way of providing direct information
to consumers is to have them monitor their
consumption. In most countries, schemes,
methods and software have been proposed
to large companies and certain municipalities
to incite them to monitor their consumption;
in a few countries, this has even been made
mandatory for the largest consumers, usually
with the obligation of reporting to the energy
administrations.

Informing consumers of the energy efficiency
of new appliances, or even new buildings, is
another common measure of information,
usually referred to as labeling (which we
presented above).

Comparative information can also be provi-
ded to consumers so as to indicate how he
relates to a standard consumer or to the most
efficient consumer. 

Promotion is another way of providing inform-
ation, the idea being to disseminate inform-
ation on the actual results obtained with new
technologies, or efficient vehicles, equipment
or buildings. The experience shows that the
demonstration of the feasibility of new tech-
nologies remains limited if it is not followed
by real advertising campaigns to make the
potential client of such technologies aware of
their potentialities. 

Energy Audits

Providing information on the energy con-
sumption characteristics of the energy con-
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Financial Mechanisms 
for Promoting Investment

The implementation of energy-efficient pro-
grams leads to a significant potential reduc-
tion in the running costs for companies and
institutions, and helps governments achieve
their greenhouse gas reduction goals. How-
ever, the difficulty in obtaining the necessary
financing all too often constitutes a major
barrier to the achievement of energy conserv-
ation projects:

• Energy efficiency projects compete for ca-
pital with more traditional investments such
as power plants and industrial expansion;

• Energy efficiency projects are perceived
to be more risky than supply-side projects
because they are often non-asset-based
investments;

•Many energy efficiency projects and ven-
tures are too small to attract the attention
of large multilateral financial institutions;

• Finally, energy prices do not generally re-
flect the real costs of energy, and are often
too low to attract potential investors in
energy efficiency.

These barriers highlight the need to search
for the appropriateness of new financial
mechanisms. 

Involving the Private Sector

If tax subsidies and other incentives are very
useful to stimulate investments in energy
efficiency, they are very dependent on the
State’s direct intervention. In the context of
energy market liberalization, many govern-
ments seek to increase the role of the private
sector in financing energy efficiency opera-
tions in order to integrate energy efficiency in
a market perspective. 

Financial Incentives

Direct Financial Incentives: Subsidies

The most widespread incentive is the grant
or direct subsidy to the consumer. This grant
was either defined as a fixed amount, or as a
percentage of the investments (with a ceil-
ing), or else as a sum proportional to the
amount of energy saved. This system faced
difficulties due to public budget limitations,
lack of information for the consumers, and a
heavy administrative burden. To correct these
problems, grants can be better targeted to
limit the consumer population that could
benefit from a grant (e.g., targeted on low-
income households like in the British Fuel
Poverty Strategy), or be restricted to certain
types of investments. 

Another form of incentive is the tax reduc-
tion or tax credit. In the first case (tax reduc-
tion), the investment is deducted from tax-
able income; in the second case, part of the
investment is directly deducted from income
tax. Such incentives can be easily implemented
at low operational cost. The main problem
again is that of informing consumers, since the
presentation of the tax reduction or tax credit
mechanism is not always easy to understand
and is difficult to pass on to most consumers. 

All the limits discussed above should not
condemn these types of measures, but lead
to their more careful use, taking into account
their side-effects and real effectiveness. These
economic incentives should be viewed as a
temporary measure to mobilize consumers,
prepare a regulation, or promote energy-effi-
cient technologies by creating a larger market
than would exist with market forces alone;
one direct result may be a cost reduction for
such techniques, as experienced with efficient
electrical bulbs in Europe
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executes the project aiming at making operat-
ional savings, and is repaid up to an amount
of the savings actually made each year over a
limited period. Hence the company provides
a three-fold service covering financing , tech-
nical execution and guaranteed results. 

The third financing company is either a finan-
cial operator (generally a bank) whose role
is only limited to the supply of capital and its
recovery on the project depreciation, or an
ESCO ("Energy service company") which prop-
oses, for its part, the "turn-key" implement-
ation of energy efficiency projects. The ESCO,
as a supplier of energy services, manages and
coordinates all the phases of the project,
including the design, establishment, follow-up
and financing , while being remunerated on
the basis of the energy savings generated by
the project over a determined period. 

Innovative Funds Compared 
to “Classic” Funds 

Establishing energy efficiency funds is not
recent: many governments have had recourse
to them to finance specific projects and
programs. 

The primary objective of a "fund for energy
efficiency" should be to create a favorable
climate for energy efficiency investments by
stimulating the development of a market for
energy efficiency and ESCOs that would
reduce the need for public funding. What we
call “innovative funds” are funds that:

•Use tools traditionally dedicated to private
sector investments (loans, equity participa-
tion, venture capital, etc.); 

• Seek the participation of private investors,
such as banks or private companies (ESCOs);

• Have the long-term objective of developing
a market for energy efficiency that would
be “self-sustaining ,” meaning functioning
without a public intervention; and

The State can encourage the intervention of
financial operators, like the banks, by collabor-
ating with them to develop soft loans, whose
interest rates are some points (a few %) below
the market rate, for the consumers wishing
to undertake energy efficiency works. The
capital is mobilized by the banking structure
according to traditional methods on the
national (for example, issuing of bonds) or
international market. In general, if loans with
softer interest rates are considered, the auth-
orities take care of the financial cost related
to the subsidy. 

Leasing consists of renting one or several pie-
ces of equipment for a duration determined
by a contract. The rents paid by the tenant are
registered in the running costs and the rented
equipment does not appear in the assets of
the company’s balance sheet (or in the invest-
ment budget of a local community as the leas-
ing option is increasingly used by municipal-
ities and public enterprises), which alleviates it
in proportion. 

In the guaranteed results contract procedure,
an energy user negotiates a general contract
covering the financing and risks of the energy
efficiency investment. The guaranteed results
contract is particularly well-suited to cases
where the manager has neither the time nor
the analytical data necessary and cannot or will
not cover the cost of the project. Although
leasing contracts do have a number of advan-
tages, their application is limited to circum-
stances where the need for a specific energy
system is well-defined. 

Third-party financing is proposed by specific
companies who are interested in developing
energy efficiency projects, with no financial
interest in selling equipment or operating the
system. Under this arrangement, the third-
party investment company finances and
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The Increasing Role of Local 
and Regional Initiatives

Regional and local initiatives are of increasing
importance. That is particularly true in coun-
tries where decentralization and citizens’
initiatives have a long tradition, and where
local and national decision-makers facilitate
initiatives that control energy use. The evol-
ution of a decentralized system means that
local authorities support the creation, train-
ing and coordination of local teams. It also
implies a growing use of information ex-
changes and networking at national and
international levels.

A Remarkable Diversity 
of Financial Incentives

The use of very diverse financial incentives
has accelerated in recent years, with a growing
trend towards using partnerships and funds
dedicated to support investments in different
forms. New forms of financing that give a larg-
er share to private operators join traditional
investment instruments. In fact, as European
markets are in the process of being liberalized
— especially energy markets — Member States
are trying to increase the role of the private
sector in financing energy efficiency to make it
competitive. Some of the new forms of financ-
ing include leasing or third-party financing
through “Energy Service Companies”, the
development of investment funds or guaran-
tee funds, or subsidized loans from the public
sector or private banks.

But a Lack of Energy Efficiency Policies 
in the Transport Sector

Efforts for improving energy efficiency have
mostly focused on industry, and residential
and tertiary buildings. As a general rule, in the
European Union and its Member States, very
little has been done in the transport sector.
And this, despite its near-total dependency

• Have the short-term objective of obtaining
a good return on investments that will reim-
burse the money put into energy efficiency
projects.

5.2.2. Key Lessons from International 
Experience

A certain number of lessons drawn from
best-practice analysis of international exper-
iences in energy efficiency, notably in Europ-
ean Union countries, are useful for designing
an energy efficiency strategy.

A Wide Range of Complementary Tools
and Measures

There is not one single tool or measure that
works best. All successful programs in various
countries illustrate the importance of having
solid architecture and coherent organization,
and using a wide range of tools that mix
incentives with proven offers and innovative
means.

The Importance of Institutions 
and Regulations

Countries that develop successful energy
efficiency policies, especially in Europe, use a
wide range of means to control the supply
and demand of energy, and respect the Kyoto
Protocol agreements. In each country, regula-
tions are a powerful tool, and are increasingly
determined at the European Community level.
Institutions dedicated to controlling energy
at the national, regional and local levels are
very important, although their form and res-
ponsibilities vary from one country to another.
Generally speaking , local authorities, energy
operators and financiers have more responsi-
bility to set up and run energy efficiency pro-
jects, while the role of the State regulator is
one of making market rules that permit the
development of energy efficiency projects.



on petroleum products and an increase in
energy consumption and the nuisances it
engenders, especially in terms of greenhouse
gas emissions. There are certainly examples
from cities that are taking the lead in develop-
ing urban mass transit systems, but progress is
very slow. Furthermore, rail freight continues
to lose market share to trucking.

The Characteristics 
of the Most Successful Programs

The most successful programs have the fol-
lowing characteristics:

• A clear definition of the group targeted for
action and coherent measures to achieve
objectives;

• Costs shared in the right measure between
private stakeholders and the State;

• Flexibility, administrative simplicity, inform-
ation qual ity,  awareness-rais ing ,  stake-
holder participation and motivation;

• Continuity through the establishment of
policies that are structured, planned and
sustainable; and

• Substantial environmental benefits.

5.2.3. Energy Efficiency in Buildings

Energy efficiency in both residential and
tertiary buildings is based on the same tech-
nologies. The three key technical aspects are:
insulating for both heat and cold; using
energy-efficient appliances and equipment;
and choosing the right energy type, such as
solar hot water heaters or cogeneration. 

However, while residential buildings are rela-
tively homogenous in terms of their energy
use, tertiary buildings have vastly different
uses and types of activity. The methods used
for motivation, partnerships and incentives
are very different depending on the activities
performed.

New Buildings

The main action required for new buildings is
thermal regulation and equipment efficiency.
In order for planned systems to be truly effi-
cient, they should be accompanied by:

• An intense information, motivation and
incentive program: Information should be
provided to construction professionals as
well as the general public; precise assess-
ments of cost increases should be done;
and appropriate, accessible financial incent-
ives put into place;

• Research and development of construction
alternatives: Bioclimatic architecture is a
f ield where Chinese researchers could
contribute a lot for each climate zone that
requires its own zone-appropriate solution.
Research programs should lead to the more
generalized construction of highly energy-
efficient buildings over time;

• An energy efficiency-oriented national and
provincial industrial policy to produce energy-
efficient construction materials, heating and
cooling systems, and electric appliances.

Existing Buildings

Energy consumption in existing buildings will
very likely increase given peoples’ desire to
live in increased comfort. Without action, the
increase will waste energy in heating and cool-
ing because of the poor insulating properties
of existing buildings. It is necessary to put a
renovation program in place for tertiary and
residential buildings. However, the payback
period of such an investment at present
energy prices is not very attractive for the
building owner, even if the public’s interest is
clear. Because of this, it is necessary to provide
owners with financial incentives to upgrade
their buildings by offering grants or loans.
Consultation between concerned owners,
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authorities and policy-makers should lead to
the best solution. At some point, an obliga-
tion to “thermally renovate” all  buildings
with heating and/or cooling systems may be
envisaged.

Electricity Savings in Buildings

To reduce electricity consumption in residen-
tial buildings, four uses need to be targeted:
lighting; kitchen appliances, especially refriger-
ators and freezers; air-conditioning; and stand-
by modes on kitchen appliances and audio-
visual equipment. [ 1 ]

There are two main ways to act on the energy
consumed by these uses to get the same or
superior service. One is to modify the consum-
er’s behavior, and the other is to improve the
appliance’s energy performance through
legal regulations and financial incentives:

• Behavior: Consumer’s behavior can be mod-
ified through information and awareness-
raising campaigns that affect usage habits,
such as turning off lights, and purchasing
habits, such as buying energy-efficient app-
liances and thinking about one’s real needs.
Product choices, economic interests, and
the consequences of their choices can be
highlighted for the consumer-citizen, lead-
ing to changes in behavior. The effect of
awareness-raising campaigns can be reinfor-
ced by regulatory and financial incentives.

• Regulations: The most effective measure is
to set standards for maximum energy con-
sumption for each type of appliance, and to
define relative performance between app-
liances with certified labels.[ 2]

Refrigerators, for example, would have both
energy consumption and volume standards.
The certification and labeling process should
also be applied to other types of appliances,
such as individual air-conditioners, hot water
heaters, lamps and lighting fixtures, washing
machines, dryers and combination machines,
dishwashers, ovens, irons, television sets, and
monitors.

The control for the proper application of the
rules and the type of incentives are essential
elements for success.

There is a link between behavior modification
and technical improvements. The latter can
sometimes make up for the deficiencies of
the former, but it would be an illusion to think
that energy efficiency is essentially a technical
problem. Policy choices about development
and planning as well as the citizens’ attitudes
to consuming goods and services are critical
elements.

Information and Incentives 
for the Tertiary Sector

Technical solutions for tertiary buildings are
similar to those for residential buildings. In-
formation and incentives need to be fine-
tuned to the target.

Each tertiary activity sub-sector has specific
needs, so it is important to tailor energy effi-
ciency programs to each one. It would be
possible to develop projects for individual
buildings or a series of buildings by working
with representatives of each sub-sector. An
energy audit could provide an opportunity
to reinforce the capabilities of a tertiary build-
ing’s technical team through training and
information.

October 2010 / Implementing Large-Scale Energy Efficiency Programs in Existing Buildings in China /©AFD [ ]263

[1 ] The production of sanitary hot water by solar water heaters should also be considered.
[2]Once a process for certifying energy use exists, the suppression of low-performance equipment can be considered. The best

way of suppressing the least efficient appliances is to slide the certification scale toward higher levels to accommodate new,
higher-performance products.



It is easy to identify ways to rationalize energy
use and increase efficiencies in a group of
similar buildings or in a sub-sector with sever-
al buildings that share the same character-
istics. This is especially true for lighting and
cooling equipment, as well as audiovisual
and computer equipment such as televisions,
monitors, and computers. Planning for bulk
purchases of equipment leads to cost savings,
and energy efficiency as well as price can be
criteria for procurement tenders. In the case of
privately-owned buildings, such investments
should benefit from financial assistance.

The key to being able to go from intention to
action following an energy audit or discus-
sions with sector representatives lies in the
financing capacity of the building owners, as
well as the administrative rules governing
public buildings. One option that is particul-
arly attractive for tertiary buildings is to use a
specialized, third-party “energy services esta-
blishment” that makes the investment for
the building owner. Often, the building owner
lacks technical expertise (which industrial
owners generally have) that the energy serv-
ices establishment has. The owner may also
lack adequate funds to invest in rational ener-
gy or substitution programs, even though the
programs provide a good return over time.
Using a third party would be valuable for any
building owner, such as a hospital, who could
repay the initial investment out of money
saved in the operational budget because of
lower energy bills.

5.2.4. Conclusion

The Research Program launched jointly by
the Hubei Construction Department and
the Research Department of AFD on “Energy
Efficiency in Buildings” has already success-
fully achieved the main steps necessary for the
implementation of a large-scale investment
program:

• The typology of the existing building
stock and its various categories has been
established;

• A large number of energy audits have been
achieved, leading to the assessment of the
energy consumption and thermal simula-
tion modeling exercises;

• The energy efficiency techniques and their
combination for optimal projects have
been identified and investigated;

• The investment costs have been evaluated
for different types of buildings;

• Various possibilities for financing mecha-
nisms to facilitate the investment have been
explored;

• The evaluation of the potential has shown,
by extrapolation of the local results, the
enormous energy, economic and environ-
mental gains of energy efficiency in build-
ings not only for the city of Wuhan but
also for the Hubei Province and the Chang
Jiang area.
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The foundations are here and ready for a
change of scale.

The next steps resulting from this research
phase should develop through demonstra-
tion operations, both for technical, economic
and financial assessment, based on detailed
feasibility studies, as an introduction to wide-
spread investment programs.

In order to succeed in these new operational
phases, it is of paramount importance to build
the convergence of two lines of force:

• The mobilization of the local and regional
authorities and all the actors of energy effi-
ciency in buildings: building owners and
occupants, construction enterprises, engin-
eering companies, architects and designers,
equipment manufacturers and retailers,
financial institutions and banks, etc;

• The strong support of national authorities
both in terms of political backing for these
programs and in terms of financial inter-
vention.
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Concluding 
Remarks 
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We have all listened to the very comprehen-
sive presentations in the plenary sessions,
and then taken part in the two series of work-
shops that provided the opportunity for
more detailed, more concrete exchanges,
the main lines of which were relayed back to
all of the attendees. The substance of the
interventions and exchanges was extremely
rich, and touched on a wide variety of sub-
jects: so much so that any attempt to now
“summarize the summaries” would overly
impoverish the contributions to this confer-
ence and narrow their scope.

I shall, thus, not venture to conclude these
two days by summing up the presentations
and debates, but would rather share with you
some thoughts on what I feel is the spirit of
both the actual theme of this conference,
energy efficiency in buildings in Hubei Pro-
vince, and the three-year research program,
the results of which have been presented
here. What did strike me was the fact that
both the subject of the study and the
method used to carry it out have matching
approaches and characteristics and, to talk
about this similarity, I shall use four key words,
in the hope that each has a corresponding
Chinese character. These four key words are:
convergence, complementarity, articulation,
and diversity.

Convergence is apparent in several ways and
in different areas. To begin with, as the pres-
entations in the first plenary session showed,
there is a convergence of constraints and
needs:  the obl igat ion to s imultaneously
deliver economic and social development,
energy security, and protection or improve-
ment of the local and global environment,
at local, provincial and national levels. These
obligations, which are subject to strong con-
straints of resources, prices, population needs,
converge towards the absolute necessity
for energy efficiency in all sectors: transport,
industry and especially buildings, which are
becoming the primary consumers of ener-
gy, in particular electricity. This means that
energy efficiency stands as a priority measure
at the crossroads of development obligations
and energy and environmental constraints.

Next, comes the convergence of interests.
First at international level, which is far from
being the case in other energy-related sec-
tors. Be it in China, California, Hubei, France,
India, Indonesia, South Africa — in short, every-
where in the world — in rich and poor coun-
tries alike, the power exporters or importers,
individually and together, all have an interest
in improving their economy’s energy effi-
ciency. Thus, a convergence of interests that,
in turn, is a powerful factor for international
cooperation, which has materialized in the
high quality of work carried out jointly by the
research program teams.

Concluding 
Remarks 

Dr. Bernard Laponche, Independent consultant 
and international expert in energy and energy efficiency policies 
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An energy efficiency project may be techni-
cally feasible and economically advantageous,
meeting energy and environmental cons-
traints: in a word, it has everything going for it.
And yet, it will not come to fruition if the
organizational and financial conditions are
not met. This is complicated because we are
replacing the wealth of energy resources by
intelligence, imagination, organization, techni-
cal and financial innovation. It is certainly a
complex matter, but it is also what gives the
cutting edge to energy efficiency as a choice
instrument for sustainable development.

Energy efficiency is not a vertical problem that
can be solved by a logical and linear approach.
It is a horizontal problem involving all dis-
ciplines:  this is why it is difficult to address
and why complementarity and interaction
between disciplines are vital for success. 

We have also understood that it is a domain
where means of action are complementary
and that it is necessary to bring a set of tools
into play. A program’s success will not depend
on a “single solution” but rather a consistent
and well-balanced combination of political
will, legislation and regulation, information
and training , organized partnerships, financial
incentives, and the implementation of speci-
fic financial mechanisms. 

Articulation: Knowing how to “grease the
wheels”. This means organizing and driving
complementarity and getting it to function
harmoniously. This is often the most neglec-
ted aspect, as if somehow “it were taken for
granted”. And yet, someone has to do it. 

It is not enough to say that everything stems
from the government and that, on this basis,
everyone must follow. That does not work.
On the other hand, we cannot consider that

Finally, the convergence of interests at differ-
ent levels: national, provincial or municipal
authorities, individual consumers, companies,
universities, financial bodies, etc.

Complementarity is vital not only within the
research program itself but also, in parallel,
for implementing a program and large-scale
projects. At the level of research, given that
multiple elements are at stake, there is a strong
temptation — and this is what generally hap-
pens — to deal with each question separately,
one after the other, and then assemble the
results only at the very end. Thus, the engin-
eers look after the technical questions, econ-
omists evaluate costs, then come the instit-
utional and organizational questions, and
finally the financial questions. The fundamen-
tal importance of policy guidelines is often
overlooked (they are sometimes even des-
cribed as “claptrap” since they do not use the
same logic as engineering sciences, but every-
one here has rightly understood their
determining role).

The complementarity overarching this re-
search program has certainly resulted in — or
has at least done the utmost to result in — the
implementation of a process through which
the different expert groups worked in parallel,
and then shared their progress and findings at
each step, so that the viewpoints and choices
of each and every one was being heard and
taken into account at each stage. For instance,
the technician will tell us that “the best solu-
tion is this one; this is what we need to do”.
And the interdisciplinary dialogue will reveal
that there is simply not enough money to
implement this solution and that the choices
have to be reviewed in the light of financial
or political decisions.
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“showcase”) or a pilot operation. In most
cases, the best solution has to be found either
in the form of a soft loan or through inter-
vention from an ESCO, etc. Addressing these
questions means having an open mind and
not saying a priori “this is the solution”: there
are in fact three, four possible solutions! The
broad diversity of solutions found for financ-
ing energy efficiency investment in the build-
ing sector was clearly evidenced in the pres-
entation of international experiences.

There is also diversity at the level of power
and decision-making. The question under-
lying all the discussions on this theme is that
of the balance between the government and
the market, and of how the various tasks
and responsibilities are shared out. The gov-
ernment clearly has the responsibility of leg-
islating and regulating. But one cannot stop
their saying: “I make the law and it must be
applied”. This would mean that the essential
task of informing and facilitating is forgotten:
“I make the law and set up a framework
enabling and facilitating its application. I draw
up thermal regulations and ones for the effi-
ciency of equipment and appliances, and I
create the means for informing , training and
incentivizing so that architects, designers and
companies can build, renovate and equip low-
energy buildings.” Public authority has no
direct responsibil ity to “get things done”,
except where its own assets are concerned,
but it is responsible for creating the condi-
tions to ensure that “things get done”. And, in
a symmetric and complementary fashion,
market players must also organize themselves
and acquire competences so as to be capable
of responding to the collective interest. One
cannot say “I’m private sector, so I do what I
like” and then the next day request a grant or
advantageous legislation.

everything comes from the market and that
the market, through some mysterious work-
ings, will solve everything. This also leads to
disastrous situations.

The key most certainly lies in articulation: on
one side, as we have already seen, the articul-
ation between the various activities and
disciplines and their interactions and, on the
other side, the articulation between the differ-
ent forms of power and decision-making
centers. Political power at government, regio-
nal and local authority levels, industrial power
(companies in construction, building mater-
ials and equipment business), the power of
research and expertise (universities, design
offices, energy service providers), financial
power (government finance, banks, invest-
ment funds, ESCOs, etc.). Each time, for each
project or program, it is the combination and
harmonization of each contributor’s skil ls
that will guarantee the quality of the work.
Articulating the different responsibilities (and
being sure that each will be properly assu-
med) is the key to success.

Diversity of situations and diversity of sol-
utions, which I shall illustrate with a few
examples.
Depending on the type of building , the kind
of owner or the activities accommodated,
the solutions in terms of energy efficiency
programs will be different. The same building ,
depending on whether it is used as offices, a
hospital, a large store or housing , has different
energy requirements and types of energy
use. Although the technical solutions may be
the same — to varying degrees — the financial
solutions will be almost always individual. In
the case of a prestigious or emblematic build-
ing , for instance, the national budget will
directly provide the financing required to
make it into a model low-energy building (a



The art of governing lies precisely in the abil-
ity to know and understand this diversity and
ensure that it serves society as a whole.

To conclude this brief overview on a more
concrete note, I will say a few words about the
logical follow-on from this research program.

We have seen that most tasks have made
good headway and all together the present-
ations have shown us what was more or less
fruitful and what was still lacking. 

With respect to the technical and economic
questions, two recommendations were form-
ulated during the discussions regarding
demonstration operations and feasibility
studies. To ensure the quality of the investiga-
tion and calculation methods, it seems vital
that we carry out demonstration operations
on a small number of representative buildings.
This is not just for the satisfaction of checking
that we have worked well, but to provide solid
ground for the following phase of feasibility
studies, and to gain the confidence of the
project owners. Feasibility studies for large-
scale programs can be carried out for example
by ESCOs, if these are called on to intervene,
or directly financed by project promoters.
It would seem indispensable to encourage
such studies, as well as energy audits, which

constitute the first phase of these studies,
through public financial incentives, in order to
create a dynamic for implementing large-
scale programs.

A twofold need has emerged with respect
to institutional and financial questions. 

On the one hand, it seems necessary to re-
discuss and clarify the way in which public
authorities can play their role in terms of
promotion and organization by setting up a
“platform” bringing together the public and
private stakeholders of a program for energy
efficiency in buildings. 

On the other hand, the conditions for imple-
menting specific financial mechanisms tailo-
red to different types of projects need to be
streamlined by organizing a dialogue between
the project owners, energy service providers
and financial institutions around projects
targeting concrete results.

Knowing and understanding diversity and
turning it to advantage, organizing articula-
tion and encouraging initiatives, ensuring the
complementarity of powers and responsibil-
ities, and making convergence a success: this
is the challenge. 

Thank you.
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Acronyms 
and Abbreviations





AC Air-conditioning

ADB Asian Development bank

ADEME French Environment 
and Energy Management 
Agency

AFD Agence Française 
de Développement 
(French Development Agency)

AHU Air handling unit

BAU Business as Usual

BEA Berlin Energy Agency

BGK Gospodartswa Krajowego 
Bank (Poland)

CASBEE Comprehensive Assessment 
System for Built Environment 
Efficiency

CC Climate Change

CCS Certified Coding Specialist

CDM Clean Development Mechanism

CEE Energy Savings Certificate 
(French acronym)

CIE International Commission 
on Illumination (French acronym)

CO2 Carbon dioxide

COP Coefficient of performance

CPE Energy performance contracts 
(French acronym)

CPPCC Chinese People's Political 
Consultative Conference

Cumac Accumulated and discounted 
(French acronym)

DD Degree-day

DEDE Department of Alternative 
Energy Development 
and Energy Efficiency (Thailand)

DSM Demand-side management 

EBRD European Bank 
for Reconstruction
and Development 

EE Energy Efficiency

EPC Energy Performance Contracting

EMCO Energy Services Company 
in China

EMCA The China Energy 
Conservation Association

ENCON Energy Conservation Promotion 

ESCO Energy Services Company

EU European Union

FCM Federation 
of Canadian Municipalities

FGEF French Global Environment Facility

GEF Global Environment Facility

GHG Greenhouse gases 

GDP Gross Domestic Product 

Acronyms 
and Abbreviations
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MMTCE Million metric tons 
of carbon equivalent

MTCE Metric tons of carbon 
equivalent 

Mtoe Million tons of oil equivalent

OECD Organisation for Economic 
Cooperation and Development

PICO Public internal performance 
commitment

PPP Public private partnership

RMB Renminbi or yuan 
(Chinese currency)

SHGC Solar Heat Gain Coefficient

SME Small and medium enterprise

SO2 Sulphur dioxide 

SOE State-owned enterprise

tce Ton of standard coal equivalent 

toe Ton of oil equivalent 

TWh Terawatt-hour

UK United Kingdom

UN United Nations

UNEP United Nations Environment 
Program Finance Initiative

USA United States of America

VAT Value-added tax

VRV Variable refrigerant volume

GMEF Green Municipal Enabling Fund

GMIF Green Municipal Investment Fund

GMF Green Municipal Fund

HVAC Heating ventilation 
and air-conditioning

IBRD International Bank for 
Reconstruction and Development 

IEA International Energy Agency

IFC International Finance Corporation

IPCC International Panel 
on Climate Change

IPO Initial public offering

IPMVP International Performance 
Measurement & Verification 
Protocol

Kgce Kilogram of standard 
coal equivalent

kW Kilowatt 

kWh Kilowatt-hour

kWhPe Kilowatt-hour of primary energy

LEB Low-Energy Buildings

LEED Leadership in Energy 
and Environmental Design

MW Megawatt 

MEEDDAT French Ministry 
of the Environment, 
Energy, Sustainable Development
and Town and Country Planning
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AFD stands for Agence Française de Développement. AFD is a public development
finance institution that has worked to fight poverty and support economic growth in
developing countries and the French Overseas Communities for almost 70 years. AFD
executes the French government’s development aid policies. 

Through offices in more than fifty countries and nine French Overseas Communities,
AFD provides financing and support for projects that improve people’s living conditions,
promote economic growth and protect the planet: schooling , maternal healthcare, help
for farmers and small business, water supply, preservation of tropical forests, and fight-
ing climate change, among other concerns.

In 2009, AFD committed more than €6.2 billion to financing aid activities in develop-
ing and emerging countries and the French Overseas Communities. The funds will help
vaccinate 1.8 million children, improve drinking water access for 7.3 million people
and support 900,000 private sector jobs, while energy efficiency projects save nearly
5 million tons of carbon dioxide emissions per year.   

www.afd.fr

What is AFD ?
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Implementing Large-Scale Energy Efficiency
Programs in Existing Buildings in China
Collected papers of the conference organized by Agence Française de Développement
and the Commission of Housing, Urban and Rural Development of the Hubei Province,
in Wuhan (China), on May 12-13, 2009 

In the context of climate change and continuously growing dependence on imported energy,
the Government of China has set the ambitious objective of reducing the energy intensity of
the Chinese economy by 20% between 2006 and 2010. 

Although energy efficiency, especially in the fast growing building sector, appears critical to all
Chinese Provincial Authorities in reaching this objective, the novelty of the subject raises many
issues. How can large scale energy efficiency retrofitting programs be carried out in the short
run? Which technical solutions shall be implemented? How much would they cost? Which
institutional set up should be put in place? Which financing tools or mechanisms should be
developed?  

The papers presented during the Wuhan conference attempted to provide answers to these
difficult and topical questions, which constitute some of the most burning issues for all
governments aiming at reducing their greenhouse gas emissions worldwide. These papers
summarize the results of a three-year research program carried out by the Commission of
Housing, Urban and Rural Development of the Hubei Province and Agence Française de
Développement, with the support of the French Agency for Environment and Energy
Management. 
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