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ABSTRACT 

In recent years, the energy shortage has become a barrier to social development as 
there is a shortage of resources, especially non-renewable resources. In order to 
improve the current situation of human settlement for future generations, a series of 
environmental protection activities and rational utilizations of natural resources have 
been carried out at a global level on the theme of "Sustainable Development". Along 
with the quantitative growth of Chinese public buildings, especially the Large-Scale 
Public Buildings, the levels of energy consumption are rising and this phenomenon 
has been seen as a key point of energy management from a national view. 

This paper discusses the realities of energy consumption and the energy-saving 
policies of public buildings in the world’s major developed countries, and sums up the 
current condition of Chinese energy consumption in relation to public buildings. With 
regard to these factors, this paper tries to find approaches for solving the existing 
problems in each construction section. Less developed construction technology in 
China leads to a waste of materials and labor force. There is a lack of professional 
personnel to handle the operational management and a lack of consideration for 
energy efficiency in the designing process. There is not a suitable framework for 
compiling statistics and data on energy consumption. There are still many 
management problems such as inadequate policy standards in operability or 
implementation, unclear positioning in governmental management, ineffective 
incentive or punitive mechanisms, and a defective state system which results directly 
in an undeveloped service system for energy efficiency. Based on all of the problems 
listed above, this paper suggests solutions in four areas, namely Policy, Energy 
Statistics, Management and Education, in order to give academic support for the 
overhaul of Large-Scale Public Buildings towards greater energy efficiency in China. 
 
 
Keywords:  Large-scale public building, Situation of energy consumption, Energy saving 
ordinance, Renovation of energy saving, Management of energy saving, Service system. 
LSPBs = Large-Scale Public Buildings. 
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1. Introduction 

Along with rapid social and economic development and urbanization, the 
environmental problems which are closely related to human survival have become 
salient, and moreover, depletion of resources and environmental degradation leads to 
a fundamental threat for future generations. Construction activity poses an enormous 
threat to nature, particularly in China, which is heavily populated and has a shortage 
of resources and weak environmental protection structures, all of which has a direct 
bearing on economic development and energy consumption. The situation of China’s 
energy development is thus: it is rich in total reserve of resources but poor in 
resources capacity per capita, its energy resources are unevenly distributed and 
difficult to exploit, its energy utilization is inefficient and it has become heavily 
polluted. China’s quantitative energy demands are increasing substantially due to the 
needs of development. (Information Office of the State Council of PRC, 2007) The 
“Annual report on China’s energy development 2009” pointed out that economic 
slowdown leads to lagging growth in short-term energy demand; the trend of energy 
consumption fundamentally depends on the economic conditions. If the economic 
situation improves after 2009, the energy demand will rise again. Actively developing 
the proportion of renewable and new energy sources in the total primary energy 
consumption is treated as the energy goal of China with a deadline in the year of 2020; 
this proportion is expected to rise from the current 1.5% to 6% with the exception of 
hydropower (Cui Minxuan, 2009). 

As of 2006, the urban construction area had risen to 40.1 billion square meters in 
China and the direct energy consumption during the process of construction and 
building accounts for 27.5% of total social energy consumption (National Bureau of 
Statistics of China, 2007). In accordance with the goal of sustainable development, 
and bearing in mind the improvement of the urbanization process and standard of 
living, energy consumption will continue to increase while the development of 
building energy saving becomes inevitable. This is a very important part of the 
method to successfully achieve energy efficiency and pollution control. However, 
there are still plenty of obstacles in the promotion of energy-efficient building in 
China: foremost is the fact that the cost of energy efficiency the pre-development 
stages of a project leads to difficulties in financial support. Other factors include a 
lack of professional energy-saving technology and related equipments, imperfect 
policies and standards, and low levels of public participation and education. All the 
reasons above comprise the main problems of energy efficient development in China. 
Once solutions for those problems are reached, the goal to accomplish the energy 
efficient building renovation will be achieved. 
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2. Aim and Objectives 

The construction industry in China remains in a period of development at present, 
especially in the field of energy efficiency in public buildings, while it still remains in 
the early stages with regard to energy efficiency assessment. In comparison with 
developed countries with advanced experience, China lags quite far behind. 

The overall aim of this study is to explore approaches for improving the level of 
energy efficiency in Large-Scale Public Buildings of China and to chart the path for 
their initial development. 

There are 4 main objectives in this paper: 

• Analyze the situation of energy consumption for public buildings in selected 
developed countries and to summarize their energy saving methods and 
successful experiences. 

• Analyze the situation of energy consumption and energy saving upgrades for 
Large-Scale Public Buildings in China. 

• Explore the problems to be solved in LSPBs of China. 

• Explore the energy-saving approaches for China’s LSPBs in aspects of policy, 
energy statistics, management, public participation and education. 
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3. Methodology 

Literature search 

This involved extensive consultation of the Chinese and international literature in 
order to understand the latest situation of research, upgrading and application on 
LSPBs. Likewise any deficiency in this field was noted. 
 

Comparative study 
This paper analyzes the international related policies or measures of upgrading public 
buildings, as well as successful experience, in order to uncover the problems of 
energy utilization in LSPBs of China, and come up with solutions. 
 

Systematic Study 
Systems thinking can help you tame the complexity of real-world problems by 
providing a structured way of balancing a broad, complete view with the selection of 
the right level of detail. (Dennis Sherwood, 2002) 

------ Dennis Sherwood 

This paper charts the history and current situation of buildings in the area of energy 
efficiency both internationally and in China, followed by questions of energy 
inefficiency with regard to the complex systems within buildings, and finally 
summarizes the reasons and makes a conclusion regarding solutions. 
 

Interview 
The author made an interview (5th of May, 2009) with Professor Xue Yibing who 
belongs to Shandong Jianzhu University, to talk about the question on Chapter 6.1, 
which is that the existing problems among each construction section. 
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4. Building energy consumption of China and 

the world 

4.1 Situation in China 

 
                 Figure 1: Climate types in China (Source: B Shui, 2009). 

China lies in the mid - low latitudes of the Northern Hemisphere, which holds a vast 
variety of climate types. Influenced by East Asian monsoon, most parts of China 
suffer from cold winters and hot summers. In winter, the temperature differs by over 
40˚C between north and south which is lower than the average temperature in the area 
of same latitude, and hence very cold. In summer, the temperature in the north is like 
that of south, but higher than the world average temperature in the area of same 
latitude: in general it is 1.3 ~ 2.5 ˚C hotter. Long duration of winter and summer is 
another important feature of climate, which is a cause of consumption diversity in 
building energy of China. (Tu, F.X., Wang, M.J., 1996) And also the temperature in 
Chinese city is lower than European city with same latitude, as you can see in Table 1 
below: 
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 Helsinki St. Petersburg Harbin Changchun Shenyang Beijing 

Latitude 
60°10＇ 59°55＇ 45°45＇ 43°55＇ 41°48＇ 39°55＇ 

Average T in Jan -6 -5 -18 -15 -11 -4 

Average T in July 17 22 24.3 24.5 25.6 26.1 

Table 1: Temperature contrast (Source: Nautica Editrice Srl, 2008). 

The construction of China is gigantic in scale, the annual area of newly-built buildings 
has reached 1.6 ~ 2billion m² (see table 2). As of the beginning of 2008, the 
construction area of existing buildings totals around 43 billion m², (Sun Xiangyuan, 
2008) Along with both the expansion of urbanization and improvement in living 
standard, the scale of construction is set to continue in the first 20 years of 21st 
century. 

Year Total area Urban residential building Public building Rural building 

1996 

1997 

1998 

1999 

2000 

2001 

2002 

2003 

2004 

2005 

1.623 

1.672 

1.706 

1.873 

1.816 

1.824 

1.970 

2.022 

1.474 

1.594 

0.395 

0.406 

0.476 

0.559 

0.549 

0.575 

0.598 

0.550 

0.569 

0.661 

0.4 

0.46 

0.43 

0.48 

0.47 

0.52 

0.63 

0.72 

0.44 

0.52 

0.828 

0.806 

0.800 

0.834 

0.797 

0.747 

0.742 

0.752 

0.465 

0.413 

Table 2: Area of Newly-built buildings in China per year (billion m²)  
(Source: Jiang Yi, Xue Zhifeng, 2007). 

As shown in table 1, the building area increases constantly year by year as people 
need to achieve higher standards in a comfortable environment. Over this period one 
can see the features of area in Chinese buildings are: the aggregate area constantly 
increases; the total area growth rate in residential buildings is stable; the total area 
growth rate in public building tends to be higher than that in previous year. 
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Figure 2: Energy Consumption by Sector in China, 1995-2005. (Source: B Shui, 2009). 

Notes: Energy consumption in this figure refers to final energy use, which includes 
consumption of renewable and waste energy; the sector “Others” includes agriculture, 
forestry, fishing, and non-specified and non-energy use. 

At present, as shown in Figure 2, construction has become one of the three highest 
energy consumption fields in China, along with industry and transport. Hence, 
movement towards energy saving is inevitable. 
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4.2 Definition of a public building 

A public building is non-housing civil building, that is to say a building which 
provides space for social activity, and public building plays a very important role in 
the field of urban construction. China owns a total public building area of 5.3 billion 
m² which accounts for 36% of the whole construction area (Tsinghua building energy 
efficiency center, 2008). 

 

Figure 3: Raffles city in Beijing (Source: own picture). 

The Large-Scale Public Buildings (LSPBs) are those buildings with a total floor area 
more than 20000 m² and equipped with annual centralized comfortable air 
conditioning system for heating and cooling (Zhang, L. et al, 2008). Most LSPBs are 
large-scale offices and commercial or integrated buildings and are exclusively built 
with high-rise, small shape coefficient, large inside area and heating value in terms of 
building energy saving. Some of the public buildings have an area bigger than 
20000m², but they are not equipped with centralized comfortable air conditioning 
system, thus not regarded as LSPB in this thesis. 
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4.3 Situation in major developed countries 

4.3.1 History 

Different types of building involve different energy demand or consumption. The 
development of energy-saving in public buildings in developed countries consists of 3 
periods (Zhang, J.J., Zhang, W.J., 2003): 

• The two Middle Eastern Wars in 21st century lead to the oil crisis which 
originated from OPEC (Organization of Petroleum Exporting Countries) and spread 
to the USA, Japan and other countries, which forced developed countries to 
create strategies of turning energy-saving into an important goal. In the USA, 

shortly after the oil crisis, ASHRAE (American Society of Heating，Refrigerating and 

Air-Conditioning Engineers) standards were published and energy concerns ruled 
design considerations to such an extent that by 1975, a new standard "90-75: 
Energy Conservation in New Buildings Design" recommended that 5 cfm/person 
be used for new office building design. (David S. Dougan, 2002) Researchers 
started to explore the balance between maintaining a comfortable environment 
and saving energy. 

• In the early 1980s, the policy of construction which had intended to restrict 
energy use lead to less fresh air inside the public buildings and the problem of air 
quality degradation came into force. In the middle of the eighties, intelligent 
buildings appeared combining innovative technology of Electronic 
Communication and Automation Technology with Indoor Environmental 
Qualities in which comfort, health and safety became a primary goal. Plenty of 
office facilities were introduced additionally while increased air conditioning load. 
Researchers started to explore a new balance between office productivity and 
building energy-saving. 

• In the 1990s, global warming became a matter of concern and people started to 
rethink their own pursuit of comfort in response to immoderate consumption and 
the destruction of the earth’s resources, and energy-saving rose to a higher 
position of concern than ever before. Based on theory of “sustainable 
development”, DSM [Demand Side Management (Alan Meier, 1996)] was 
introduced, which intended to change the previous tendency to decrease resources 
consumption to meet the growing demand, using the method of increasing the 
demand for both energy-saving and conservation of resource as an alternative 
energy resource. DSM is regarded as a leap of faith at best, that pushed the 
energy-saving technology to a more advanced stage. 
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4.3.2 Energy policies and Successful experience 

4.3.2.1 Germany 

Germany is a country with a high level of environmental awareness, and the 
government treats both energy conservation and environmental protection as basic 
policies. 

After oil crisis of 20th century, the German government immediately responded to the 
energy crisis. In 1976, the first law for energy-saving with regard to building was 
enacted which provided a legal form for the first time, and set out requirements for 
heating, ventilation, installation of water-supply equipment from an energy-saving 
point of view.( Hans-Peter Lawrenz, 2007) In 1977, the German government issued 
the ordinance of thermal protection for buildings based on the first law of building 
energy-saving(Christina Sager, 2006); more specific requirements were added which 
made special provisions for construction of walls and the heat transmission coefficient 
on windows. From then on, all construction of new buildings must abide the 
requirements. In February 2002 the German Energy Saving Ordinance [EnEV2002] 
was released by the government (Nikolaus Diefenbach, 2005), which required 
buildings to reduce energy consumption by 30% in comparison to the regulation of 
1995, and to strengthen the integrated planning approach. As stated above, EnEV has 
a strong operability which reflects the latest achievement of technology for 
Germany’s building energy-saving policies. 

4.3.2.2 Sweden 

The most important change to the legislation of Swedish building took place after the 
oil crisis in 1973 with the introduction of SBN 75. In 1977 an addition to SBN 75 on 
energy efficiency came into force, which is a component specific code giving lowest 
U-values for each building component [Component specific U-values with regard to 
fulfilling comfort and economic requirements are used. No insulation requirements 
are set for slabs on the ground. Double pane windows are required in order to avoid 
cold draft]. (Johan Smeds, 2004) With each public building project, both 
energy-saving and the environmental impact are the most important factors for its 
approval. Public buildings have rather more auxiliary systems than residential 
constructions, in which the electricity equipment holds relatively large heat 
eliminations, so that the renovation projects of Swedish building gave both auxiliary 
systems and installation of heat recovery system a very important role in the process 
of renovation.( Zhang Ximing, 2001) For example, there is a special state allowance 
for the installation of solar energy systems in public buildings, where solar thermal 
panel can have 30% of its costs covered and PV can have 70% of the costs covered by 
the subsidy. (Intelligent Energy, 2007) 
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4.3.2.3 Japan 

It is an oil-importing country, and after the Kyoto international conference (Kyoto 
Protocol) the implementation of policy for energy-saving systems has been greatly 
enhanced in Japan. In 1979, “the law of rational energy use” was brought into force 
(省エネルギー対策課, 2005); in 1998 a “Long-term outlook for both energy supply and 
demand in 2010” (需給部会, 2009) was released in order to emphasize the control on 
energy demands by using the stable measures of energy-saving. 

In order to strengthen the causal effect of energy saving, Japan established the 
management system of four classes for energy saving. Firstly, the leading group of 
energy saving is headed by the prime minister. Secondly, Japan Ministry of Economy, 
Trade and Industry founded the agency for energy conservation. Then the centers of 
energy-saving which were commissioned by the government to carry out the work of 
building energy efficiency, and to provide the energy data for projects of renovation. 
Lastly, the energy law forced the Energy Company to hand its energy usage data to 
Japan Ministry of Economy, Trade and Industry. Japanese government attaches great 
importance to personnel training, and established the institution of energy manager for 
enterprise. The law of energy-saving stated that buildings which have a total area 
greater than 2000m² should have an energy administrator with responsibility for both 
energy monitoring and reporting plan of energy-saving to departments of supervision. 
(Beijing energy-saving, 2006) 
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5. Energy consumption of Large-scale Public 

Buildings in China 

5.2 Situation of energy consumption in public buildings 

5.2.1 General situation in China 

China owns around 10,000 Large-Scale Public Buildings whose areas have reached 
up to 0.4billion m², excluding the heating load, energy consumption converted to 
electricity is 50billion kWh/year. The number of regular public buildings reaches 
around 1 million and the total area is about 4.9 billion m², despite of heating load, the 
energy consumption converted to electricity is 202billion kWh/year (Tsinghua 
building energy efficiency center, 2008). Of the two types of public buildings, the 
Large-Scale Public Buildings are easier to manage due to the smaller numbers, and 
hold a great potential for energy saving, which should be treated as an important part 
of energy efficiency. 

The Large-Scale Public Buildings only account for 5%~6% of the total civil building 
area, but their accumulated electricity consumption is 10 times greater than that of 
residential buildings (Jiang Yi, 2005). In some super cities of China, the electricity 
consumption of Large-Scale Public Buildings is bigger than the local residential 
buildings. 

The major Chinese construction task focused on the residential area during the period 
from “The 9th Five-Year Plan” to “The 10th Five-Year Plan, but more recently the task 
of construction has been transferred mainly to Large-Scale Public Buildings. This 
action would increase the huge electricity consumption, so that the effective measures 
have to be adopted to restrain the rise of consumption. (Jiang Yi, 2005) 

Among all the newly built buildings, there are only 3%~5% energy efficient buildings 
constructed each year in China (Jiang Yi, Xue Zhifeng, 2005). Most of the old public 
buildings are not energy efficient and consume enormous amounts of energy. In the 
case of the Beijing governmental building’s energy consumption, it has been shown 
that the average annual level of electricity consumption per area is around 80~140kwh, 
which is 6 times greater than that of the residential buildings. While the annual energy 
consumption per person each year is 3.4 ton (standard coal) which is 7 times bigger 
than residential buildings (0.5 ton of standard coal). The whole area of hotels, 
restaurants, palaces and office buildings in Beijing accounted for just 5.4% of total 
civil buildings, but the annual average level of electricity consumption per area is 13 
times bigger than that of residential buildings, and the total annual electricity 
consumption reaches 3.3 billion degree which is close to half of the electricity 
consumption of the total citizen electricity use in Beijing (Fu Xiangtao, Xie Chaoxue, 
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2005). 

Most of the Large-Scale Public Buildings adopt centralized air conditioning systems 
and the regular public buildings adopt Separate A/C (Here A/C means air-conditioner) 
in China. Public buildings have a complex energy consumption performance which 
includes two aspects: The energy consumption mainly consists of utilizations from 
A/C, lighting, office equipment, elevators and some other public service equipment. 
The structures of those sub-consumptions differ considerably from each other, and 
also the annual energy demand variability, the total areas and the methods of energy 
saving are different; The sub-energy consumption proportions in each kind of public 
buildings (office building, hotel, mall etc.) are different, and also the character of 
sub-energy consumption, the problem which needs to be solved regarding the 
majority of energy saving are different. (Zhang Li, Zhu Xiurong, 2008) 

5.2.2 Renovation of energy saving in main cities 

5.2.2.1 Beijing 

As the framer of building energy standard in Beijing, Beijing urban planning 
committee made their own office building a demonstration of energy efficiency and 
established the local ordinance which states that “Energy saving technology and 
management should be standard in governmental building” in order to improve the 
development of governmental building energy efficiency in Beijing. 

After the Beijing Construction Commission released “energy efficiency assessment 
standard on public building”, (Xue Zhifeng, Jiang Yi, 2005) they made assessments 
on Olympic gyms which have a good energy efficiency design. Old public building 
renovation projects of the Beijing Construction Commission are applying for the 
“City Demonstration” (those projects are set to be models for another un-renovated 
building to follow in same city). Those projects mainly consist of office building, 
school building and so on, such as the teaching building in the Oriental elementary 
school in Tongzhou district and the office building of the Beijing Municipal 
Administration Committee. Aside from this, Beijing Construction Commission 
schedules energy efficiency censor standards, actively instructs on old public building 
renovation and arranges to spread their renovation experience in Beijing. (Qiao 
Chuang, 2008) By this token, the interrelated Beijing governmental departments put 
building renovation in force which, based on accumulating experience of regular 
public building renovation, has made a foundation for large-scaled public building 
renovation. 

5.2.2.2 Shanghai 

Currently, there are around 2,000 Large-Scale Public Buildings whose single area is 
bigger than 20,000m²in Shanghai. (Yang, X.M, 2007) Those public buildings should 
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be evaluated with energy efficiency assessment according to national energy 
efficiency law (National energy efficiency law, 2008). However, this evaluation 
cannot reach a good effect due to the lack of operational and uniform evaluation 
methods. With regard to this situation, Shanghai energy efficiency office of 
construction mapped “Shanghai energy efficiency construction ordinance”, and 
published guidelines aimed at Large-Scale Public Buildings, e.g. to supervise the 
energy efficiency forming project about public building, to enforce the energy 
standard cost system and over fixed fare charge regulation. 

At the same time, the Energy Efficiency Special Fund for construction was 
established in Shanghai. Some allowances were released for civil building renovation 
projects. Aimed at large-scaled public building, one method used involved surveying 
before building renovation and evaluating after building renovation. To push building 
renovation forward towards energy efficiency, allowances would not be released from 
government for LSPBs. It was also aimed at some Large-Scale Public Buildings 
which have financial matter, the Energy Performance Contracting would be carried 
out according to the rules of market operation in order to achieve the goal of energy 
efficiency. There had been several famous international EPC companies located in 
Shanghai and which have approached the Shanghai market, which holds a promising 
potential for the future. (Qiao Chuang, 2008) 

5.2.2.3 Guangzhou 

In 2006, the energy efficiency building renovation project was launched in 
Guangzhou, and the schedule for energy building renovation was framed during “The 
11th Five-Year Plan” period. According to this schedule, the government expected that 
the plan of 115,000 m² worth of old public building renovations would be finished in 
2006, the renovated area should have reached more than 25% of total planned 
renovating building area by 2010. In the same year (2006) the building category, the 
construction completion time, structure, ventilation method and energy consumption 
situation in old public buildings were investigated along with the safety of the 
buildings’ structure, capability of shock resistance and fireproofing. The restructuring 
of the property and potential of energy efficiency renovation received a favorable 
evaluation from experts. Due to irrational design or timber utilization, the energy 
consumption in the building sector comprises 40% of the total energy consumption in 
Guangzhou. For this reason, the municipal government launched the preferential 
policy to energy efficiency renovation projects on old public buildings: towards the 
renovation of administrative office building, national and local government would 
have 50% investment for each; towards the commercial building renovation, 
contractors would be given around 8% discounted government loans. (Qiao Chuang, 
2008.) 
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5.2.2.4 Assessment on energy consumption in main cities 

Nowadays in China the building energy consumption has accounted for about 30% in 
the total national energy consumption. (Tsinghua building energy efficiency center, 
2008) Here are the energy consumption assessment and potential energy efficiency 
analysis for the Large-Scale Public Buildings in some main cities of China: 

There are around 500 LSPBs in Beijing at present, which hold 150 high-grade or 
normal office buildings for 11.3 million m2; 33 large and medium-sized shopping 
malls for 1 million m2; 26 five-star, 45 four-star, 157 three-star hotels for 5.4 million 
m2. In addition, Beijing as a political center in China, there also exist a lot of 
governmental buildings, large-hospitals, TV stations, museums, and gymnasiums for 
3 million m2. The whole construction area is 20.7 million m2. 

Due to the small interior calorific value and small energy cost for heating in winter, 
the average value of heat input for LSPBs only has 10~30 W/m2 in heating season in 
Beijing, which stands almost the same level as residential buildings. The main energy 
consumption for LSPBs is the annual average electricity consumption, which is about 
150 kWh/m2. We can image that although the area of LSPBs only accounts for 5% 
among the whole building area in Beijing, the total electricity cost in 2004 reached up 
to 3.3 billion kWh, it is without doubt to say that the electricity consumption for 
LSPBs in Beijing is quite astonishing. (Xue Zhifeng, Jiang Y, 2004) 

In shanghai, the area of public building accounts for 14% among total building area, 
but the electricity consumption reached up to 65.1% in 2005, as shown in Table 3. The 
LSPBs occupy about half of the electricity consumption of public buildings. 

Type Electricity consumption (108 kWh) 

China Shanghai 

Public building 1534 40.7% 169.2 65.1% 

Residential building 2238 59.3% 90.6 34.9% 

Total 3772 100% 259.9 100% 

Table 3: Annual electricity consumption of buildings in China and Shanghai 
(Source: National Bureau of Statistics of China, 2005). 

In Guangzhou, the average energy consumption in unit area is bigger than the other 
two cities, as shown in Table 4, which has 2.9 GJ/ (m2·a), while the average ratio of 
energy consumption in air-conditioner constitutes a smaller share, that is because the 
Guangzhou’s energy policy restricts fragmentally the usage of electricity in 
air-conditioner section in summer. 
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City Average energy 
consumption in unit area 

GJ/(m2
·a) 

Average ratio of energy 
consumption in air-conditioner 

% 

Beijing 1.821 43.53 

Shanghai 1.801 32.57 

Guangzhou 2.900 40.50 

Table 4: Comparation of public building energy consumption in main cities 
(Source: Li Yuyun, Zhang Chunzhi, 2002). 

The energy consumption situation in Large-Scale Public Buildings is quite complex. 
Electricity consumption in various areas including A/C, lighting and office-equipment 
are dependent upon different factors. For instance, the electricity consumption of the 
A/C system depends on its operation mode and the level of property management. 
Since energy savings on lighting systems and office equipment rests mainly on the 
degree of energy-saving awareness, it should be treated with different policy and 
management measures. Because the actual energy consumption of a large-scale public 
building is related to its service condition, occupancy rate, equipment ageing, etc. the 
target to achieve sub-metering in each energy consumption section becomes very 
important, which is the only way to measure and compare between the actual energy 
consumption situation of each system and the rational energy quota, in order to give a 
scientific energy use. As time goes on, due to the rapid growth in the building area 
and people require better housing and working conditions. 
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6. Problems to be solved in Large-Scale Public 
Buildings of China 

Why do Chinese buildings have such a high energy cost? Because China is still a 
developing country, in previous decades there was basically no consideration about 
whether or not building should be energy efficient; the most important issue that 
people took into account was whether they could get a house. However, with 
economic development, the living standard continually improved which allowed 
people to pursue more comfortable temperatures and housing conditions; at this time 
the troublesome matter of building energy consumption arose so fast that it leads to 
the wasteful use of energy because the buildings themselves were not energy efficient. 
This kind of waste becomes the main problem which affects national economic 
development. 

Comparing public buildings and common buildings, we can see how no matter what 
the exterior of the building looks, how the building equipment system works, how the 
construction technology and building maintenance runs, the public building is more 
complex than the common building. There are several factors that lead to building 
energy inefficiency, including problems of design, in the construction process, in the 
operational process and technological aspects, and also in the policy and management 
system. 

6.1 Existing problems among each construction section 

Buildings have a lifespan, from planning scheme through construction process, 
Operation and Maintenance (O&M), and energy efficiency renovation, to the final 
demolition in 50~100 years’ time. This process mirrors the cradle-to-grave cycle of 
mankind; furthermore the life cycle process of a public building is more complicated. 
As shown in Figure 4, this life cycle contains 10 sections, a process in which many 
different groups benefit and are involved, including the owner, user/tenant, 
construction corps, design team, property management agency and so on. According 
to an interview [5th of May, 2009] with Professor Xue Yibing who belongs to 
Shandong Jianzhu University, the ordinals from I to IV present four existing problems 
among each construction section. 

The design process at present is approximately the same among different types of 
public buildings; this procedure involves the design team taking on the scheme plan 
of the building and associated mechanical and electrical equipment as well as 
sketching the building plan after they have taken on board the requirements of the 
owner. Afterwards the owner carries through the project bidding based on construct 
drawings. The construction organization who wins the bidding starts to realize the 
engineering construction; after equipment installation is finished and a system debug 
completed, the acceptance check is performed by for bodies (what are these four 
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bodies? The governmental construction quality apartments divides it between the 
building developer, the Design Corporation, the Construction Company, and the 
quality supervision agency) , and then the users or tenants move into the building, 
finally the Property Management Agency is in charge of the test run and O&M 
including energy conservation. 

Ⅲ

Project Initial

Owner

Scheme 
Plan

Sketch 
Plan

Blue 
Print

Ⅰ Design
Team

Ⅱ

Project biding
Owner

Construct System 
Debug

Acceptance
Check
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(A.C. only)

Test Run O&M

Property 
Management 
Agency; User 
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Figure 4: Existing problems among each construction section 
        (Source: Own figure). 

As a result of the multiplicity of benefit clusters involved in each section of 
construction, four problems occur during the life cycle process of public building: 

• Problem I occurs between the requirement of owner and the planning process. 
The majority of owners wish to build a good building, but they lack expertise and 
knowledge which can obscure the expression of their own desires and this can 
result in a communication barrier between owners and design team. Furthermore 
the final outcome of the scheme is embodied in the blueprint by the drawings of 
designers but most owners are incapable of reading such blueprints. In 
consequence the desire of the owners cannot be fully realized and achieved. 

• Problem II happens between the plans as expressed on the building drawings and 
the project bidding (the project bidding determines which construction 
organization should be chosen and should be given responsibility for product 
purchasing). Since this stage of the process is concerned with construction costs, 
the owner will tightly control the finances. However, the designer can only 
participate in part of the bidding and product purchasing process which leads to 
the intention of design not being fully implemented. 

• Problem III is concerning with the construction group which is chosen in the 
project bidding period and is hence in charge of installation engineering process, 
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the freezer unit, air draught and water pump, all of which are purchased by the 
owner him- or herself which can result in the construction organization making 
installation errors due to lack of familiarity with any new technology that the 
product may contain. 

• Problem IV occurs between the acceptance check and the test run. The 
acceptance check serves to examine whether or not the equipment is well 
installed, while the energy efficiency related system check (especially the check 
of the central air-conditioning) is a dynamic process which needs to make 
adjustments according to the differing conditions during the various seasons and 
different users’ requirements. This check should ensure that the equipment 
installed meets certain criteria and standards, it must be qualified after a test run 
lasting one year, but this test is handled by a property management agency which 
certainly did not participate in the engineering construction and only recognizes 
the building’s systems from the blueprint and on-site inspection. However, during 
the complicated building process, there are always has some design fixes during 
construction that results in some changes from the blueprint and for this reason 
property management agency lack a general and complete comprehension of the 
real situation of building. In any case, the residual problems which become 
evident after the acceptance check would not be well solved during the running 
and management process. It comes down to the incomplete system modification. 
Disjunction four is the worst one during the construction process which extremely 
impacts on the performance of building. 

6.2 Outdated Construction technology 

            

Figure 5: On-site built model                    Figure 6: Pre-fabricated model 
(Source: Li Yingwen, 2008).                    (Source: Cha Zuoliang, 2008). 

The traditional construction technology still plays a dominant role in China. Here we 
shall take the glass curtain wall as an example: the on-site built model is adopted in 
which the aggregate, glass, aluminum panel, and structural adhesive parts are set up 
by field installation in China. While the pre-fabricated model (in which components 
are assembled into one cell element) is mainly adopted in developed countries, the site 
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transport is finished in a short time. Industrialized production and construction 
methods for building components bring not only material and labor-saving benefits, 
but also the even more important consequence of avoiding installation errors caused 
by builders’ incompetence. In addition, the external building envelope lacks suitable 
heat-isolation measures, such as an extensive area of glass curtain wall and skylights, 
low insulation roof and wall panel and weak air tightness. 

6.3 Energy waste in operational management 

Operational management is also an important part to energy efficiency, however, the 
real situation in China is that most of the management personnel have low levels of 
familiarity with building regulation and lack awareness and ability to regulate and 
control the whole building system. This leads to a case of personnel only taking care 
of the equipment and maintenance, causing energy waste in addition to a high running 
cost; the running records of energy equipment are mechanically noted by staff without 
sorting or analysis, and this leads to the data loss; the training books focus mainly on 
complicated explanations of management which are quite abstract and of limited 
operability; the designers of the blueprint do not participate in the advanced building 
management while the management personnel have no authority to participate in the 
prior discussions of planning, design and technique. These decisions are passively 
accepted by the building management which results in a grave disjunction between 
design and management. (Wang Hongna, 2007) In addition most of the public 
buildings have a low level of automation which consists only of manual operation for 
refrigerating machines rather than Building Automation System. (Ye Yanbing, 2006) 

6.4 Lack of energy saving consideration in designing process 

The methods of aided design in all process of simulated analysis have been 
recognized rationally in construction field, and easy-to-use software is gradually well 
equipped, such as DeST and Energy-plus. (Sun Jie, 2007) However, during the design 
process for large-scaled public building this kind of software is not broadly used. Two 
basic explanations underlie this situation: First, the heavy task of project design often 
means that the owner who wants to accelerate the rate of progress pushes the design 
group to work out blueprint in order to start the construction work as soon as possible, 
in which case energy saving concerns cannot be dealt with. Second, most of the 
owners and architects consider the novelty of large-scaled public building while 
caring less for the energy saving aspect of its wall material, energy system and M&E 
equipment. The design of energy saving equipment after the confirmation of blueprint 
is always handled by a different company. (Fan Fengli, 2006) 

6.5 Lack of statistical data 

During the 1980s, an energy statistical report institution for the major industries and 
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transportation system was established in China, the State Statistics Bureau regularly 
conducts investigations about energy consumption. 

The data collection for energy consumption has been part of energy statistics for some 
time. Since the founding of P.R China, statistics in the industrial field have contained 
the output count of raw coal, crude oil, electric power, and bio gas, where after the 
individual event statistics were established in goods and materials supply which for 
getting the feedback on kinds of energy revenue expenditure and consumption, energy 
production and sales. In the 1980s, the strategic power of energy became a salient 
matter in the status of the national economy which caused the energy statistic to be 
separated from industry and goods statistics. Nevertheless, energy statistics mainly 
focus on the industrial energy section while the consumption statistic of construction 
energy is still insufficiently dealt with in present-day China. (He Shunjiang, 2008) 

Based on the situation of energy efficiency renovation in each zone of China, the 
problems demonstrate that the main weaknesses are the government’s lack of energy 
consumption data and that most areas have not yet set up a relevant institution to 
make the investigation of energy consumption. The existing data mainly comes from 
research projects in colleges and universities.  

With regard to data collection, there is a lack of uniform standard in China which is 
evident mainly in the following points (Qiao Chuang, 2008): 

• First, the standards of data collection are different in each area of China and many 
areas lack the basic energy consumption data collection system in the 
construction field. 

• The data collection method is still not well established, in other words there is 
still a relative lack of the scientific and effective processing method, statistical 
model and analysis software to treat acquired data. 

• There is lack of statistics-gathering channels. The building energy consumption 
data collection relies mainly on a few industrial annual reports of the national 
economy statistic system, which is not nearly enough to analyze the specific 
building energy data. Without the authoritative energy consumption data it is hard 
to map the energy saving standard of public building and even to set goals for the 
energy efficiency renovation. 

To establish the public building database including the general survey on buildings, 
equipment list, and energy consumption and simply to publish those data would be 
much assistance to building owners and property management agencies which 
attempting to comprehend the building’s energy-usage situation. Some international 
hotel groups summarize the energy consumption data from each of their global hotels 
to rank in order to stimulate the energy saving competition among them. 
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6.6 Inadequate policy standards in operability and 

lementation imp

The “Energy Conservation Law” [1997] 
(Energy Conservation Law, 1997) to the 
“Renewable Energy Law” [2005] 
(Renewable Energy Law, 2005) in 
addition to a series of energy design 
standards or ordinances during the same 
period took effect on energy conservation 
works in China. However, one of the 
reasons why public buildings continue to 
generate such high levels of energy 
wastage is a lack of specific and operable 
policy rules – though there is an “Energy 
Conservation Law” it focuses only on 
the industrial energy conservations with 
only one small section regarding the construction field; it is hard to make sense of this 
practically. (Energy Conservation Law, 1997) In addition, the law enforcement efforts 
are quiet low despite the requirements to punish companies that do not follow the 
standards of building development, design and construction in “Civil Energy 
Efficiency Building Standard”; there still exist many companies do not follow the 
standard. 

Figure 7: The energy conservation law in China. 
(Source: The energy conservation law, 1997). 

6.7 Existing problems in governmental management 

Energy efficiency management is a system project which has substantial sectoral 
coverage on governmental energy management departments. Take, for example, the 
case in Beijing: if we grouped the duties relating to large-scale public building in the 
construction process, the NDRC (National Development and Reform Commission) is 
in charge of project approval and advanced building application, the National 
Planning Commission is in charge of the design process and the National 
Construction Commission is in charge of the execution of the work. The result of the 
involvement of these various agencies is that governmental duty overlaps with energy 
conservation works. (Wang Hongna, 2007) In recent years, the energy conservation 
work is developing slowly by reason of the duty overlapping of local governments in 
China. 

6.8 Ineffective incentive and punishment mechanism 

Building energy conservation demands high product, project and management quality 
which would inevitably bring about a certain increase in the cost and manpower, but 
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the effect of energy saving is often long-lasting. Saving benefits should not be looked 
upon negatively in the current situation of building energy conservation. Only 
building energy-saving incentive to date is one under which energy- efficient 
buildings can get the regulatory tax relief for investment in fixed assets, while this tax 
was removed on January 1th, 2001. In addition, a special fund for wall material 
innovation in 2002 did not include the building energy-saving aspect which was 
issued by State Economic &Trade Commission and National Ministry of Finance, and 
the collection of funds ceased at the end of 2006. (Chang yuan, 2006) The state did 
not develop any new economic incentive policies for energy-efficiency building, 
which has lead to the current lack of any incentive policies with regards to the 
construction, sales and even to the use section in building energy-saving field in 
China. 

6.9 Problem of government investment 

For governmental large-scale office buildings, the Government is the main 
stakeholder in the energy-efficiency project. For an energy conservation project in a 
governmental office building, the whole construction process is overseen by the 
government, which creates a series of problems (Wang Hongna, 2007): 

• First, a high demand for energy efficiency renovation results in pressure on 
government finance. The energy-saving project of large-scaled public building 
mainly contains the renovation of external building envelope and central 
air-condition system, furthermore the cost of energy-saving materials and 
equipments remains expensive. 

• Second, the investment subject is vague. Generally in the competitive field of 
investment projects all must be clear to investors; while the government-funded 
seem clear, in essence it is vague for investors. The typical approach is that the 
government instructs the competent department to temporarily create a command 
group which is in practice an unincorporated body for overseeing the energy 
conservation project. Because this group does not bear the responsibility for 
financing and operating capital, the scale of project investment is difficult to 
effectively control which leads to a great difficulty in the balancing and 
scheduling of governmental financial investment. 

• Third, the lack of professional management. Public building renovation project 
has all the features of a professional and comprehensive endeavor, and there are 
many construction quality controls in the whole process which would be 
ineffective in the hands of a non-professional group that results in a poor 
guarantee of quality. In addition, because the non-professional group is not very 
familiar with the administrative examination and approval procedures which are 
difficult to control in the construction period scientifically, the phenomenon of 
project over-duration often appears. This management model also leads to 
duplication of resource allocation and raise of management cost. 
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6.10 Obstacles of EMC in financial system 

Some of the commercial energy conservation projects adopt EMC (Energy 
Management Corporation) model in China, while this model could not be used in 
governmental building renovation. The reasons are presented as following (Shen 
Xiaogang, 2008): 

• First, as a government agency they have fixed budget on annual energy 
consumption costs of water, electricity etc. If the energy expenditure is kept down 
this year, it could face a reduction of its energy budget in the next financial year 
and the EMC will not pay associated costs concerning the provision of an energy 
efficient service. 

• Second, the financial allocation system is used in a government agency, even if 
the energy efficiency project in governmental office building adopted a 
market-based contract of sharing the profit on energy conservation, the saved 
profit could not be shared with EMC. According to the account of an agency 
officer from Shandong province, the state surplus finance money each year would 
not be disposed by the local government while this surplus has to return back to 
state finance. In this particular financial system, this model seems to have become 
a fixed mindset. 

6.11 Weak system of energy saving service 

The service system in building energy efficiency of service and objects combined 
includes the consumer of service, service provider, service staff, service market and 
market supervising agency as well as related laws and ordinances that exist in order to 
reduce the level of building energy consumption. Currently, the building 
energy-saving market in China is still in its infancy and the system has not been 
established. Several problems arise including the following: Lack of building energy 
information exchange platform which holds a low info-diffusivity; Financing 
environment is not conductive to the market development of energy efficiency service; 
Low service capability in each EMC company; Lack of governmental guidance. (Sun 
Yan, 2008) 
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7. Energy-saving approaches for Chinese 
rge-scale public building la

7.1 Policy 

The implementation of policy and regulation cannot be carried out without the 
cooperation of government, enterprises, and market. However, the government as a 
regulator in addressing this issue plays a very important role. 

7.1.1 Promoting governmental duty in monitoring system 

The hierarchy and political system of the Chinese government from top to bottom is 
divided into the central government, provincial government, and municipal 
government. These three levels of government departments bear their own 
responsibility for implementation of energy conservation works. (Qiao Chuang, 2008.) 
If there is no governmental regulation system during the process of promoting and 
implementing energy-saving management, the conservation of large-scaled public 
building would not be effectively run in a market economic environment. 

7.1.2 Economic incentives 

The work of energy-saving on large-scale public building belongs to public utility and 
therefore it must be promoted by the government. Developed countries including 
USA, Europe, Japan and others have set up special government agencies responsible 
for energy conservation. Economic policies including incentive policies, 
energy-saving funds, environmental taxes, and energy efficiency labels are 
established through the strength of government responsibility in the field of building 
energy conservation. Those policies can be divided into two categories (Li Hui, 
2008): 

• One is to reduce the Investment Cost. Measures such as financial provision, tax 
breaks, concessional loans, mortgage loans and cash subsidies can be used to 
achieve this. As an example, users who bought the products with Energy Star 
logo can get cash subsidies from government. 

• The other is to increase the energy use-cost by implementing an energy tax and 
an environment tax etc. For example various levels of carbon taxes are 
implemented in the vast majority of EU member states.  

From a practical point of view, the economic incentive policies above have received a 
significant result. 
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7.2 Energy statistics 

7.2.1 Energy audit 

Concerning the problem of the lack of statistical data of public building energy 
consumption, the government should develop an audit of energy for the construction 
industry of China. 

Based on the experiment of Germany, four aspects could be concluded: 

Germany gives special attention to the work of energy statistics - the federal state 
established the Agency of The Federal Statistics, and all 16 states also have branches. 
The statistical data of each state goes directly to the statistical department of the EU. 
Since it is a top-down statistical system, statisticians can contact terminal users and 
enterprises, and the statistical data are accordingly objective and accurate. 

In Germany, the statistical process of construction energy consumption is very 
prudential, containing three steps: the Investigation comes first, which involves 
sending statistical forms to the investigated users via post or e-mail, the users filling 
in the forms and giving feedback to the bureau. This is followed by Preparing Data, 
whereby statisticians assess, judge and contrast the data on the forms in order to 
analyze and summarize them. The last step is analyzing and assessment, after 
accomplishing all statistical work, and the data are published to public in the form of 
special report and internet. 

The statistical department strictly obeys the rule of neutrality, objectivity and 
scientific independence. The statistical work is to be legally protected; enterprises 
have a duty to offer accurate data for statistical department, and if this does not occur 
the department can trace their obligation by legislation. Meanwhile, the statistical 
department adopts very strict security measures for data and protects the privacy of 
enterprise. 

Germany is especially concerned with the sharing of information. Energy auditing can 
not only grasp energy consumption amounts and capacity level precisely, but is also 
helpful in improving economic benefits. The statistical information is freely available 
to society by means of daily news report, monthly statistical report and via the 
internet; any enterprises and users can get the information necessary by these means 
at any time. (Energy conservation & environmental protection, 2008) 

A building energy audit has just started in China; however the audit system involved 
is not perfect. On January 1st 2008, the National Ministry of Construction announced 
the “Energy data acquisition standard in civil building”, since which there has been a 
slight change it the energy audit in China. (Lin Sen, 2007) 

The values of annual energy cost per area, annual total energy cost, the total area and 
other details of urban civil buildings are collected in order to set a foundation for the 
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construction department in China to determine the direction of building energy 
efficiency development. 

7.2.2 Implement the measure of energy sub-metering 

The energy consumption situation in Large-Scale Public Buildings is quite 
complicated. The characteristics are different in air-conditioning, lighting, and office 
equipment. For example, the electricity consumption of the air-conditioning system is 
based on the operation model and management level of the building agency, while the 
lighting and office equipment electricity consumptions are concerned mainly with 
spreading energy-saving awareness to the building’s users. The above three situations 
should adopt different policies and management tools. However, the majority of 
Large-Scale Public Buildings in Beijing use only one electric meter to collect the 
overall electricity data; over an area measuring tens of thousands of meters, the 
building owners and building management agency can only get one count of energy 
use in the whole building which results in difficulty understanding each part of the 
energy status(Jiang Yi, Xue Zhifeng, 2004); the specific differences that exist between 
the actual use of energy and rational energy use is also difficult to find, resulting in 
irrational patterns of energy usage being masked. 

7.3 Management 

7.3.1 Evaluation Standard for energy saving 

In recent years, many countries have developed their own green building standards 
and evaluation systems to promote and regulate the green building market. For 
example, the U.S. LEED Green Building Rating System, German eco-building 
guidelines LNB, the United Kingdom BREEM evaluation system, Australia's built 
environment evaluation system NABERS, GB Tool in Canada, Eco Profile in Norway, 
ESCALE in France, CASBEE in Japan and so on. Those evaluation systems exist to 
build a healthy and comfortable living environment; to save energy and resources 
using reduction of the impact on the natural environment as a goal which determines 
standards and the corresponding rating system from the aspects of urban planning and 
land use, natural and eco-environmental impact, energy conservation and renewable 
energy use, conservation and recycling of resource, indoor and outdoor environmental 
quality and others, which have played an very important role in promoting the green 
concept of urban construction and sustainable development.(Carmen Richerzhagen, 
2008) 
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The energy efficiency evaluation criteria of "Green Olympic Building Assessment 
System" GOBAS is currently being implemented on Large-Scale Public Buildings in 
Beijing. This evaluation system involves project bidding, design, construction, 
commissioning and operation of management in order to achieve a unified 
supervision and management of the building, and give an assessment from the aspects 



of environment, energy, water, materials, indoor environment. GOBAS has some 
links with the LEED system, and LEED gives certification to public buildings from a 
third party which has been widely recognized especially in high-performance green 
building design, construction and operation process. LEED offers building owners 
and maintainers a convenient tool to measure the performance of various aspects of 
this building in addition to promoting building sustainable development in five key 
aspects of water conservation, energy efficiency, materials selection and indoor 
environmental quality. The Chinese Habitat and Environment Committee of 
Construction Department has been in cooperation with the USGBC (U.S. Green 
Building Council) in order to learn from the experience of the United States and to 
create an appropriate model for China's national condition of Green Building Rating 
System. (Huang Xianming, 2006) However, the assessment scope of the current 
evaluation standard for energy-saving is not very large. 

7.3.2 Energy saving assessment for newly-built public building 

In accordance with National Energy Conservation Law, Large-Scale Public Buildings 
belong to the major energy-using unit. Therefore in the pre-project construction 
period, an assessment should be made based on the building blueprint that only a 
company who meets the energy-saving requirement can start to construct. For 
example, under the "Beijing platform for development of circular economy," 
energy-saving assessment should be strictly enforced in the new fixed-asset 
investment project on Large-Scale Public Buildings. Only the design plan which 
meets the energy requirement of the project can start to construct; for the 
highest-scoring design plan, the owner can apply for the related preferential policy 
based on the evaluation result. (Yu Cong, 2007) In addition, prior assessment has to 
be implemented by a test agency before the completion of large-scale public building, 
otherwise the case which mismatched the energy standard could not be accepted. 

7.3.3 Strengthen the regulation of construction cost 

The relevant authorities should standardize and strengthen the management for the 
investment estimate feasibility study, preliminary design estimates and construction 
budget of the project of Large-Scale Public Buildings which is invested by 
government. The project should have a strict implementation of the approved scale of 
construction, and in principle follow-up work should not be allowed to deviate from 
the preliminary design. The construction unit should actively pursue an energy quota 
design and this should be clarified in the bidding document. (Dai Xuezhi, 2007) 
 
 
 

31 
 

http://www.usgbc.org/
http://www.usgbc.org/


7.3.4 Put EMC into force 

EPC (Energy Performance Contracting) is a turnkey service, sometimes compared to 
design/build construction contracting which provides customers with a 
comprehensive set of energy efficiency, renewable energy and distributed generation 
measures and often is accompanied with guarantees that the savings produced by a 
project will be sufficient to finance the full cost of the project.( ICF, 2007) 

                             ------ Introduction to Energy Performance Contracting 

The industry of EMC (Energy Management Corporation) is a relatively special field, 
and in this specialty, EMC does not provide a specific product or technology but 
rather a series of projects about energy-saving service, which is in essence to provide 
monetary value from energy savings to the customer. The figure below shows the 
comparison of benefits before and after implementing the building energy renovation. 
The total expense did not change in the renovation project. The Customer’s energy 
expenses are lowered and some of the saved expenses are shared with EMC (Figure 
8). 

         
     Figure 8: Comparison of EPC’s economic benefits (Source: Own Source). 

 

Although the EPC in China started relatively late, its huge market-oriented benefit 
induced the Chinese government to promote this model. In 2004, in support of NDRC 
(National development and reform commission) and National Ministry of Finance, 
EMCA (Energy conservation service industry committee of Chinese energy 
conservation association) was established for the purpose of widely promoting EPC 
mechanisms. Since its establishment, a lot of work has been done in order to promote 
a nationwide EPC. As at the end of 2007, there were a total of 308 EMCA members 
in China (EMCA, 2006). The national investment in building energy-saving projects 
has kept a rapid growth driven by EMCA in recent years. The total investment for 
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energy-saving renovation by implementation of EPC mechanism in China is shown in 
Table 5: 

 

Amount of 
EPC 
investment 
(10 Million 
Yuan) 

Table 5: The total EPC investment by Chinese government (Source: Wang Liping, 2008). 

However, there still exist some barriers to the implementation of EPC in China. There 
is no relevant legislation or strict threshold set for EMC, and no legal documents to 
ensure the investment by EMC can be recycled effectively. The energy policy of 
government should be changed from offering subsidies for EPC project owners to 
offering subsidies for EMC and from supporting only projects to supporting the entire 
building energy efficiency industry. The benefits include firstly avoiding a situation  
where the owners of an energy-saving project misappropriate the state subsidies, 
secondly establishing a good market for energy-saving mechanisms and fully 
mobilizing the participants spontaneously engaged in energy-saving projects. For 
some small or medium sized EMCs who have strong technical capabilities but are 
without economic strength, it is difficult to obtain commercial bank loans for the 
reason that EPC project development requires a long period and recent profitability is 
poor. (Wang Liping, Wang Jinmin & Jiang Huihui, 2008) Dealing with such 
imperfections in financing channels lead to a lot of good renovation projects of 
Large-Scale Public Buildings could be implemented. 
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7.3.5 Establishing the institution of expert review and keeping the 

lic informed pub

Construction units should follow further the qualifications and responsibilities set by 
experts in the planning and assessment of Large-Scale Public Buildings. 

The construction of Large-Scale Public Buildings must be in accordance with relevant 
laws and regulations to implement an open bidding, and its project evaluation group 
should be composed of experts from the fields of urban planning, architecture, 
building structure, mechanical and electrical equipment, and construction or building 
economics among others. The group list and their comments should be publicized to 
the community to seek the feedback and accept the social supervision in order to 
improve the transparency of program evaluation. For the landmark buildings which 
are financed by the government and have a significant social impact, it should directly 
accept the opinions on design options from the public through certain means. (Feng 
Jianxue, 2007) 
 

7.3.6 A gradual launch of energy-efficient monitoring & enforcement 

The energy-saving in large-scaled public building stands in an ineffective part of the 
market mechanism which means although this overall benefit is huge, the payback 
period is quite long, therefore the energy-saving project cannot completely rely on 
market regulation but must be completed by taxation, financial subsidies and other 
measures of law enforcement and incentives. (Jiang Jingwei, 2008) 

7.4 Public participation and education 

In order to achieve a desired result in the promotion of the building energy 
conservation, three channels are important: Government, Enterprise and Social forces. 

Government plays an irreplaceable role in promoting policy. When the government 
enforces the energy-saving plan, they have to consider the mentality of different 
owners in order to plan suitable policies according to circumstance. 

The function of enterprise in the promotion of energy efficiency is also 
underestimated. In the United States, it is not only the government which puts effort 
into implementing energy-saving policies, but also the related enterprises which have 
joined the line of energy-saving policy advocacy. For example, Pacific Energy Center 
has done a lot of work providing related energy-saving knowledge and training as 
well as the policy advice, technologies, product display, etc. to the general public, and 
these public-oriented projects are freely available to the people (PG&E, 2009). 
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8. Discussion 

Through the analysis on current energy consumption situation of Chinese Large-Scale 
Public Buildings, it may be concluded that large-scale public building renovation 
projects play an important role in the future building energy conservation field. 
However, from the 1980s onwards, 30 years’ of large-scale and high-speed 
urbanization has changed people’s lifestyle in China. Huge-scaled material 
consumption has increased the massive level of construction activities, while the 
influence of industrial civilization still has a deep impact on people’s thinking and 
behavior. 

The building energy efficiency movement has been developed for just 20 years in 
China and hence is in its infancy compared with the western developed countries. 
Aside from the short history of energy-saving development in Chinese building, after 
a period of development, energy-saving in buildings in developed countries has 
provided a well developed and mature model. Those countries with advanced 
experience can be a well mirror for energy-saving in Chinese building as outlined 
following: The development of energy efficiency in buildings needs the integrated 
support of government, including formulation of the perfect policy system, motivating 
the development of building energy efficiency by policy and economic incentives. 
This should be especially based on the improvement of the evaluating system, 
stimulating the energies of Real estate Companies from the viewpoint of tax policy 
and credit preference etc. At present, China has also established some stimulating 
policy such as the “Wall renovation fund” from which real estate companies can 
enjoy a refund, but still they have potential to develop in the area of policy renovation; 
An elaboration of the function of non-governmental organizations, such as putting a 
“green building organization” in charge of promoting environmental awareness in 
industrialization and commercialization in construction field, guiding it in the correct 
way. There exist some limitations in the government’s supervision, but the NGO can 
guide the construction field more directly and effectively; Encourage technological 
innovation in the processes of construction and research on new material, in order to 
technically support the development of building energy efficiency; Take measures to 
solve the problem regarding the difficulties of giving credit funds to Real Estate 
Company; begin theoretical research on EMC, and at the same time combine the 
China environmental fund project and the World Bank, promote the EMC application 
in Chinese building energy efficiency; Renovate the old buildings. Along with the 
improvement of national policy and resident awareness of energy saving, 
recently-built public building projects have paid more attention to the application and 
utilization of energy saving material and technology. Because of the situation of 
inadequate public awareness on energy saving and energy waste, the government is 
required to invest huge capital for building renovation in order to achieve the national 
energy standard in connection with the old buildings which were built around 20 
years ago; Raise awareness of energy saving among citizens. Energy conservation 
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material and equipment application or the old building renovation, they all need the 
mass funds. It may not only be borne by government, but it would let people feel the 
real economic benefit by encouraging public participation. 

Many aspects of construction are not perfect yet and have not been successful in 
China. In addition, during these 20 years government just focused on residential 
constructions, while the energy conservation research and extension has started only 
in recent years. It is clearly visible that the energy-saving potential of public buildings 
in China is huge as explained by comparative analysis in the successful experiences of 
developed countries. In this paper, it is proposed that the approaches for reducing the 
energy consumption of Chinese LSPBs include analyzing the factors that lead to 
energy inefficiency with regard to China’s national condition, putting in place policies 
and regulations, using the data statistics to improve energy management and 
encouraging public participation. 

Here are some important detail suggestions to solve the Chinese energy efficiency 
problems below. 

In order to promoting governmental duty in monitoring system, the 3 levels of 
government agencies should play their own role. 

The central government should promote energy-efficiency monitoring on 
governmental office building and large-scale public building by means of establishing 
systems and standards, implementing economic incentives as well as energy 
assessment. These include: organizing experts to formulate the standards for energy 
use, energy quota and equipment operation of large-scaled public building in order to 
provide institutional assurance and orientation for building energy monitoring system; 
checking the energy conservation management of provincial government, building the 
information platform on government office building and large public building, 
increasing energy efficiency promotion to cultivate the environment for energy-saving; 
taking responsibility for the formulation and implementation of economic incentive 
policies for energy efficiency in large-scaled public building; based on the market 
demand, to implement the certification, assessment and evaluation system; providing 
authoritative test report; increasing efforts towards international cooperation; 
Provincial government is responsible for the energy-efficient supervision and 
management work in its office buildings and Large-Scale Public Buildings in order to 
promote the appropriate provincial model. These include: the establishment of the 
province's energy-saving monitoring system which may be used to form a provincial 
energy consumption database and submitted to the central government; in light of the 
provincial economic condition to develop and implement a soft loan and tax 
incentives or other economic incentive policies; the establishment of provincial 
government leading group which is responsible for the province building energy audit 
process, monitoring and coordination work; certified provincial building energy audit 
and service agencies; to encourage the development of a consulting services industry 
on building energy-saving audits, evaluation, and renovation; strengthen publicity and 
education to enhance people’s awareness of building energy conservation; Municipal 
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Government plays a policy assurance role in charge of the cities’ energy-saving work 
in its Large-Scale Public Buildings. It needs to specifically include the following 
aspects: creating the specific energy-efficient policy on Large-Scale Public Buildings 
which is appropriate for their own city; Municipal government commissioning the 
professional agencies of building energy efficiency who are selected by central 
government to carry out a survey and evaluation for the public  buildings in this city 
which contains such details as construction age, building structure, energy system, 
energy consumption indicators and life cycle assessment in order to provide the basic 
condition for establishment of consumption database by provincial government; 
building the energy consumption indicators for this city; confirming annual volumes 
of energy saving for the major large-scaled buildings; regularly investigating and 
studying energy-saving monitoring system in other cities, and organizing relevant 
governmental officers to participate in training people about building energy 
conservation; enhancing the training level available to local energy conservation 
agencies as well as the publicity and education to local residents. 

Economic incentives play also an important role to reach a good result for energy 
efficiency of LSPBs. Through an understanding of economic incentive policies in 
developed countries in former chapter, some guidelines for the Chinese market are 
offered: Energy efficiency work should be supervised by national authorities. The 
central government builds the general principles and guidelines for each incentive 
policy, and the municipal governments develops the specific implementation details 
for its own policies based on the local economic conditions and situation of energy 
conservation in public buildings; The renovation of energy conservation in new public 
buildings and existing public buildings should be carried out simultaneously with a 
rational allocation of a capital input and usage ratio. The unsustainable “Pollution first, 
treatment later” mindset would not continue, while the building renovation project 
should be implemented under the premise of ensuring market access to newly-built 
public buildings; Government should increase the financial allocations for the 
development of energy conservation in Large-Scale Public Buildings; the formulation 
and implementation of economic incentive policy needs the support of state finance. 
Meanwhile, the special fund for energy saving should be considered, as well as 
ensuring the continuation of the source of this fund; The formation of economic 
incentive policies should be developed in a flexible way which would ensure that the 
incentives would not be so small as to render the policy ineffective. Therefore the 
government should make use of financial subsidies, tax preference, discount 
government loans in order support the building energy efficiency. 

Energy audit just started in China, so the audit system is still not perfect. Here are 
some energy audit recommendations based on the experience of Germany: It should 
firstly establish the procedure of the auditing system and management practices of 
public building in China; that is, to determine the audit objects, classes, time limits, 
source of audit costs; confirm the over-fixed energy price which includes the heating, 
cooling, water and electricity supply, natural gas and others; improve the market of 
building energy auditing, that is, norm setting and to cultivate the building 
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energy-saving service who belongs to the third party; Second, public building energy 
auditing system should be implemented by the main building administration for the 
state sector. The office building energy audit of central government should be 
performed by the construction administration in the state council department; the 
office building energy audit of local government should be performed by the 
provincial construction administrative departments; Finally, for general public 
building the obvious energy-saving potential and simple treating measures could be 
found in a short time. For Large-Scale Public Buildings, the initial energy audit and a 
further audit should be carried out in order to present a specific energy-saving 
renovated measures. 

In recent years, some energy audit projects begin in accordance with EPC model 
(Energy Performance Contracting) while the effect has always been unsatisfactory to 
the building owner for the reason that an important factor identified different between 
both parties to the contract where the final value of energy conservation. Since the 
actual energy consumption of buildings is also concerned with weather conditions, its 
service condition, occupancy, equipment ageing and many other factors, only the 
energy-consuming sectors within the building are sub-metered when it could really 
compare the actual energy status of various systems to their respective energy quotas 
in order to determine the difference, whether it is caused by weather conditions or the 
actual use condition, or due to the operation management, therefore bringing about 
further energy-saving potential. 

The assessment scope of the current evaluation standard for energy-saving is not very 
large, and follow-up works are expected to be carried out as follows: To continue and 
expand the project assessment work. For example, through cooperation with Beijing’s 
relevant departments, to evaluate projects under construction in preparation for 
improving the assessment system; To promote the design-related auxiliary software 
tools of green building; To enlarge the research concerned with the actual situation in 
China, and regulate the development of the green building auditing system from a 
regional study to the whole country. 

The core objective of the energy-saving assessment for public buildings is the change 
the habits of the construction industry and the methods of design, construct, operation 
and others, in order to make certain that construction enterprises have a deeper sense 
of environmental and social responsibility that would create a better building quality 
and healthier quality of life. 

A gradual launch of energy-efficient monitoring and enforcement must be achieved. 
On the existing Large-Scale Public Buildings, governmental law agencies should 
carry out annual energy checks based on the fixed energy consumption. According to 
the actual energy consumption data under the building’s sub-metering, the fixed 
energy consumption should be compared with the amendment which is based on 
factors such as the conditions of building and outdoor climate changes of this year. If 
the energy consumption exceeds the limit, governmental agencies will collect a fine 
determined by the amount by which the limit was exceeded. On the other hand, when 
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the manager of a large-scale public building performs an improvement of 
management by means of saving such an amount of energy that the actual energy 
consumption is lower than the fixed quota, the project will be rewarded by 
governmental agencies. 

For public participation, the Chinese governmental departments should hold public 
benefit activities combined with related product introductions to promote the theme of 
building energy-saving policy. The relevant social groups should release the 
energy-efficiency data or hold energy conservation education events in communities. 
Running relevant courses in primary and secondary school can improve the young 
people's awareness of energy conservation. Propaganda and guidance by multi-party 
participation in energy-saving policy can greatly increase people’s awareness of 
energy conservation. 

The energy efficiency in Chinese Large-Scale Public Buildings is generally low; in 
addition to problems of operation and management, the major construction problems 
include unsuitable designs of the building envelope, poor heat insulation performance 
and selection of improper air-conditioning, in addition to the equipment aging and the 
lack of an intelligent control system. As a result, the energy-saving renovation must 
be implemented for improving the energy-efficiency to achieve higher national energy 
standards. However, the movement of large-scaled public building renovation still 
remains in the phase of modeling stage that is mainly based on the principles of 
governmental projects, and unfortunately, the private owners are not enthusiastic 
about participating in building energy renovation. 

Evaluation of whether or not the building is energy efficient should be based on the 
energy consumption data. It does not fully depend on how many energy-efficiency 
equipments and advanced technologies and measures are adopted, but also on the 
diversity of indoor environments and requirements and different operations by users, 
which serves as an explanation as to why there are some large energy cost disparities 
among different buildings. It varies on whether it is to improve the indoor 
environmental condition as much as possible under the premise of a certain amount of 
energy use or it is to minimize the energy consumption under the premise of keeping 
the optimal indoor environment condition.  

There are two different concepts for construction design. Nevertheless, the approach 
of excessive reliance on high-tech system equipment to achieve optimal state of the 
indoor environment for building energy-saving could not comply with China’s 
national condition, while building energy requirements should be adjusted according 
to natural conditions to promote a green lifestyle for conservation, and based on the 
natural condition to explore matching building technology.  

Meanwhile, there are some barriers to the promotion of building energy efficiency. 
The main problem is the lack of policies and incentives that would force producers, 
developers and users to be affected by increased cost and expenses associated with 
their profits. In some developed countries, economic incentive policies are 
implemented such as the policy in the USA which allows Government-hired 
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construction developers who achieved energy efficiency standards to enjoy lower tax. 
There has almost no policies like this in China, and not a word about it is mentioned 
in bank loan regulations about private building energy-saving projects.  

Furthermore there is no preferential and subsidy policies for manufacturers, 
developers and users who used energy-efficient building materials. In addition, the 
lack of penalty measures is another issue due to weak supervision and law 
enforcement. The energy-saving technologies have been in maturation and have a 
proven record in Large-Scale Public Buildings, while the key problem is to enable 
those technologies to be implemented in the right way that requires the government 
formulating relevant regulations and indicators of standards. It is worth noticing that 
the energy consumption is quite complicated for large-scaled public building. The 
characters are different in air-conditioning, lighting, and office equipment.  

For example, the electricity consumption of air-conditioning systems is based on 
operation model and management level of building agency, one of a more efficient 
measure would be to increase external shadings and prevent the draughts. This needs 
a certain initial investment but the costs can be paid back within 1 to 2 years by saved 
energy.  

Based on the research with this thesis, the deep-rooted reasons for high-energy 
consumption in large-scale buildings can be summarized as follows:  

Firstly, because of the imperfections of the state system which result in policy 
standards for operability and enforcement that are insufficient for the building energy 
efficiency renovation, and the market did not form an effective incentive and 
punishment mechanism, leading to disconnect problems among the various 
construction sectors as well as the lack of energy statistics;  

Secondly, the political system of Chinese government results in duties overlapping 
among departments in governmental building renovation projects that are overseen by 
government themselves. The governmental financial system creates obstacles to the 
development of EPC.  

Thirdly, the Chinese economy is not as strong as those of the developed countries, 
which means some high cost new construction technologies cannot be widely used;  

Then, the building energy-saving market that leads to the system of energy-saving 
service is far from perfect. The last reason is the lack of professional human resources 
for management in operation and management process.  

Regarding the problems addressed above, the author puts forward the following 
solutions. The first one is to promote governmental duty in implementing monitoring 
systems and economic incentive policies. Then, it is important to implement energy 
audit work and the measure of energy sub-metering. Thirdly, there should be efforts to 
improve the Evaluation Standard for energy saving, issue energy saving assessments 
for newly-built public buildings and strengthen the regulation of construction cost; the 
last but not the least point is to improve the public participation and education. 
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This article tries to put forward a series of measures that are expected to effectively 
lower the energy consumption of China’s Large-Scale Public Buildings. The best way 
is to promote energy-efficiency development throughout the building industry field 
through the government’s demonstration project. All provinces and cities should 
gradually implement the energy monitoring, energy statistics, energy audits, energy 
data publicity and form a proper institution for those works in order to build a national 
network for energy efficiency supervision of governmental office buildings, and play 
a role in real-time monitoring for building energy consumptions in some key cities in 
China. By combing energy statistics, energy audits, energy efficiency and data 
announcement systems, it would be more effective to improve the level of 
energy-saving operation and management in order to promote the issue correctly in 
the whole construction industry. 

Although the situation of building energy efficiency is grave in China It can be seen 
that there is an unprecedented opportunity to have a broad space for development. 
With the continued progress of technological advances, the people’s green concept of 
renewal and the participation of public in energy-saving will change the inadequate 
situation of building energy efficiency and this will bring us closer to having an 
energy-saving society in China. 
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9. Conclusion 

In this paper, regarding the reasons why China's Large-Scale Public Buildings are not 
energy efficient, the author raised the recommendations of energy-saving renovation 
from the viewpoints of policies and regulations, statistics, energy management, and 
public propaganda. The paper argues that only countries that have good laws and 
regulations to encourage responsibility in various energy-saving sectors in addition to 
rational economic incentives can form a basis for implementation of public building 
energy saving that will create good energy audit work while promoting the measures 
of building energy sub-metering. 

China’s improvement of energy efficiency of Large-Scale Public Buildings is just in 
the initial stage, which is focusing on the governmental office buildings and a small 
numbers of civilian public buildings. China is also starting to implement the EPC 
model to be a key measurement. With the collaboration of government, enterprises, 
and society, the energy consumption of Large-Scale Public Buildings can be 
significantly reduced to achieve the goal of sustainable development in China. 
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