
Accepted Manuscript

Developing a methodology for the ex-post assessment of Building Energy Efficiency
Special Planning in Beijing during the 12th Five-Year Plan” period

Yuming Liu, Tingting Liu, Binyu Wang, Minghui Xu

PII: S0959-6526(18)33794-6

DOI: https://doi.org/10.1016/j.jclepro.2018.12.086

Reference: JCLP 15144

To appear in: Journal of Cleaner Production

Received Date: 13 February 2018

Revised Date: 5 December 2018

Accepted Date: 8 December 2018

Please cite this article as: Liu Y, Liu T, Wang B, Xu M, Developing a methodology for the ex-post
assessment of Building Energy Efficiency Special Planning in Beijing during the 12th Five-Year Plan”
period, Journal of Cleaner Production (2019), doi: https://doi.org/10.1016/j.jclepro.2018.12.086.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.jclepro.2018.12.086
https://doi.org/10.1016/j.jclepro.2018.12.086


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

1 
 

9986 1 

Developing a Methodology for the Ex-Post Assessment of Building Energy 2 

Efficiency Special Planning in Beijing 3 

during the “12 th Five-Year Plan” Period 4 

Yuming Liua,* Tingting Liub Binyu Wangc Minghui Xud 5 

a School of Economics and Management, Beijing Jiaotong University, Beijing 100044, China 6 

* Corresponding author： 7 

Professor Yuming Liu 8 

School of Economics and Management 9 

Beijing Jiaotong University 10 

Beijing 100044, China 11 

Tel.: +861051684980 12 

Fax: +861051688218 13 

E-mail address: ymliu@bjtu.edu.cn; 14 

maillym@vip.sina.com 15 

b Lecturer, Tingting Liu 16 

School of Engineering and Built Environment 17 

Griffith University 18 

Gold Coast, Queensland 4222, Australia 19 

E-mail address: liu_tingtingyes@hotmail.com 20 

c Ph.D. Candidate Binyu Wang 21 

School of Economics and Management 22 

Beijing Jiaotong University 23 

Beijing 100044, China 24 

E-mail address: 17113155@bjtu.edu.cn 25 

d Master Candidate Minghui Xu 26 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

2 
 

School of Economics and Management 27 

Beijing Jiaotong University 28 

Beijing 100044, China 29 

E-mail address: 16120643@bjtu.edu.cn 30 

Abstract: In order to carry out an ex-post assessment of the completed Building Energy 31 

Efficiency Special Planning, a comprehensive ex-post assessment methodology is established. The 32 

methodology sets out the ex-post assessment criteria from three dimensions and 27 indexes，and 33 

apply the Fuzzy Synthetic Evaluation Method to build the ex-post assessment model. Applying the 34 

methodology, this research assesses the effectiveness of the Building Energy Efficiency Special 35 

Planning in Beijing during the “12th Five-Year Plan” period. The results show that it is generally 36 

effective in terms of realizing the main planning targets, reaching the desired development level of 37 

Building Energy Efficiency and ensuring the facilitating mechanisms to be in place. To be specific, 38 

substantial increase of the proportion of energy efficient buildings and considerable effects of 39 

energy saving and carbon emission reduction have been achieved, whilst the electricity 40 

consumption per unit area in small and median-sized commercial buildings being increased. The 41 

research further identifies the main barriers to the implementation of building energy efficiency 42 

program includes high electricity consumption of large-scale commercial buildings, insufficient 43 

data information, slow uptake of modern information technology, lack of market participation and 44 

lack of wider social recognition. Based on the assessment result and subsequent analysis, 45 

commensurate policy recommendations were proposed. This research was the first attempt 46 

examining the implementation effects of BEE Special Planning in Beijing.  47 

Key Words: Building energy efficiency; Special Planning; Implementation effects; Ex-post 48 

assessment; Fuzzy Synthetic Evaluation Method 49 

50 
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1 Introduction  51 

During the last decades, energy consumption of China has largely increased due to rapid 52 

economic growth and social development. Currently, China has become the world’s largest energy 53 

consumer and carbon dioxide emitter (BP Global, 2010). The Building Energy Consumption (BEC) 54 

represents a major share of China’s total energy consumption (Lin and Liu, 2015). According to 55 

the National Development and Reform Commission (NDRC, 2014), total amounts of BEC reached 56 

1.27 billion tce (tons of standard coal) in 2014, which accounted for 29.8% of the total energy 57 

consumption. The Building Energy Conservation Research Center (BERC, 2016) predicted that 58 

the total amounts of BEC should be controlled within 1.1 billion tce (not including renewable 59 

energy sources), which accounts for 23% of China’s total energy consumption amounts of 4.8 60 

billion tce by the end of 2020. With regard to the ambitious goals to achieve energy savings in the 61 

building sector,, a Building Energy Efficiency (BEE) program was initiated. The BEE program 62 

mainly involves five aspects: (1) adoption of energy efficiency measures on newly constructed 63 

buildings, (2) promotion of Energy Efficiency Retrofitting (EER) of existing buildings, (3) 64 

utilization of renewable energy, (4) enhancement of energy efficiency of operation management of 65 

large-scale commercial buildings, and (5) adoption of energy efficiency measures on rural 66 

residential buildings.  67 

The series of BEE Special Planning were useful policy documents to guide the 68 

implementation of BEE program (Evans et al., 2014; Hou et al., 2016). Dating back to 1996, the 69 

central government formulated the first BEE Special Planning, the-Building Energy Efficiency ‘9th 70 

Five-year’ Planning (1996-2000) and Perspective Long-term Planning of 2010. In February 2017, 71 

Development Planning of Building Energy Efficiency and Green Building during the 13th 72 

Five-year Period (2016-2020) was issued by the Ministry of Housing and Urban-Rural 73 

Development, which stands for the 5th BEE Special Planning in China. Meanwhile, local 74 

governments released their own BEE Special Planning to guide BEE development in practice. For 75 
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example, the Beijing Municipal Government issued the local BEE Special Planning - Development 76 

Planning of Civil Building Energy Efficiency in Beijing during the 13th Five-year Period. Despite 77 

the availability of a series of Special Planning policy documents, an ex-post assessment of the 78 

completed BEE Special Planning has not been carried out to date. A systematic methodology has 79 

not been established to execute the ex-post assessment. Here, the ex-post assessment refers to an 80 

evaluation that systematically and objectively analyzes and assesses the purpose, execution 81 

process, benefit, effect and influence of a policy document after the enforcement period ends. It 82 

remains unclear whether the Special Planning has provided a useful and operational guidance on 83 

the practical implementation of BEE.  84 

The research, reported in this paper, aims to develop a robust and systematic methodology for 85 

the ex-post assessment of BEE Special Planning in the context of China and apply the 86 

methodology to perform an ex-post assessment of Building Energy Efficiency Special Planning in 87 

Beijing during the “12th Five-Year Plan” Period. This research was part of the research project 88 

commissioned by the Beijing Municipal Commission of Housing and Urban-Rural Development 89 

in 2015. A diagram of the research design is shown in Fig. 1. The methodology presented in this 90 

paper provides a practical template to evaluate the effectiveness of BEE Special Planning, and 91 

other BEE policies, which can be used elsewhere by incorporating different contextual elements. 92 

By applying the methodology to the evaluation of BEE Special Planning in Beijing during the 93 

“12th Five-Year Plan” Period, the challenges BEE work facing and shortcomings of policy 94 

instruments can be identified, which provide important reference for policy makers to adjust the 95 

policy directions and further facilitate informed and effective policy making.  96 

    This paper is divided into six sections. Following this introduction, Section 2 presents the 97 

literature review, which summarizes and evaluates the literature in relation to the assessment of 98 

BEE policies. Section 3 describes the methodology proposed to conduct an ex-post assessment of 99 

BEE Special Planning. Section 4 reports on how the proposed methodology being applied to the 100 

ex-post assessment of BEE Special Planning in Beijing during the “12th Five-Year Plan (FYP)” 101 
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period. Section 5 discusses the results of the assessment and identifies barriers hindering the 102 

implementation of BEE Special Planning. Section 6 concludes the research and proposes the 103 

policy recommendations. 104 

2 Literature Review 105 

2.1 Overall evaluation of BEE policies 106 

Studies have been conducted to systematically review the BEE policies in China. For example, 107 

Zhou et al. (2010) reviewed the development of BEE policies in China, including building energy 108 

standards in different stages, building energy conservation regulation ordinance bill and building 109 

energy efficiency labeling. They proposed five important policy directions to strengthen the BEE 110 

program: (1) enhancing existing building standards; (2) implementing the standards effectively; (3) 111 

controlling the use of energy-inefficient building materials; (4) enforcing energy efficiency retrofit; 112 

and (5) stimulating the practice of BEE policies. Li and Shui (2015) performed a comprehensive 113 

analysis of BEE policies with regard to improvements in energy performance, living standards and 114 

climate change. Shen et al. (2016) investigated BEE policy instruments classified them into three 115 

types, including mandatory administrative instrument, the economic incentive instrument, and the 116 

voluntary scheme instrument. Guo et al. (2016) summarized and analyzed the framework of 117 

measures implemented by the Chinese government to enforce mandatory BEE codes, and they 118 

found that the energy savings of new buildings per increased floor area per year increased from 119 

20.4 kWh/m2 in 2007 to 28.4 kWh/m2 in 2012. By conducting a comparative study of China and 120 

Japan, Huang et al.’s (2016) policy analysis suggested that Building Energy Saving Policies have 121 

promoted building energy saving. They also identified the obstacles to the effective policy 122 

implementation, such as high transaction costs and lack of applicable methodology.  123 

A number of researchers further analyzed the implementation effects of various policies on 124 

BEE program from a project’s perspective via case studies. Liu and Guo (2013) analyzed the 125 

energy conservation and emission reduction effect through an actual energy efficiency retrofit case 126 

in North China. Kong et al. (2012) analyzed six fiscal incentive policies and four specific 127 
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programs for BEE work during the “11th Five-Year Plan” period (2006-2010), identified the 128 

drawbacks of the present BEE mechanism and recommend four proposals to enhance the 129 

development of BEE. Xing et al. (2015) revealed that the actual energy consumption can reach 130 

77.3% after an energy efficiency building retrofit based on a case study of a hotel building located 131 

in Tianjin, China. Liu et al. (2018) studied a residential EER building project and showed that the 132 

actual energy savings did not reach the theoretically calculated value. By conducting an economic 133 

cost-benefit analysis based on the calculation of costs and benefits over life cycle, the research 134 

found that in China, the retrofit of existing buildings generally lacks of attractiveness to investors 135 

from an economic perspective.  136 

From a wider industry perspective, scholars have endeavored to assess the effectiveness of 137 

national and local BEE policies during the 11th FYP and 12th FYP period. For example, Price et al. 138 

(2011) conducted an assessment of selected policies and programs that China had instituted to 139 

accomplish the national goals, and they revealed that China had greatly enhanced its enforcement 140 

of new building energy standards, but energy-efficiency programs for buildings’ retrofits were not 141 

well achieved. They further suggested that it is important to maintain and strengthen the existing 142 

energy-saving policies and programs which have positive effects, whilst introducing new policies 143 

to remove the barriers to the successful implementation of BEE. Lin and Liu (2015) found that 144 

occupants’ lifestyles, residents’ living standards, and energy price have significant influences on 145 

BEC and the building sector is likely to contribute approximately 20% to China’s energy 146 

conservation through electricity pricing reform by the end of 2020. 147 

2.2 Evaluation of energy saving effects of BEE policies 148 

Extant literature has presented research undertaken to examine the actual energy savings and 149 

carbon emission reductions, which evidently reflect the implementation effects of BEE policies. 150 

Ma et al. (2017) introduced the concept of comparable building energy consumption per unit area 151 

and utilized an IPAT-LMDI model approach to calculate China’s building energy savings at 152 

national level. The research found that the calculated building energy savings exceeded the 153 
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officially planned amount. Researchers have also adopted innovative methods to conduct an 154 

analysis of energy savings in different types of civil buildings, such as residential buildings (Yan et 155 

al., 2017) and commercial buildings (Ma et al., 2018), and the research findings showed that the 156 

implementation of BEE works in China significantly contribute to energy savings in both type of 157 

buildings. In addition to the energy savings effects, the measurement of carbon emission reduction 158 

has been researched. For example, Ma and Cai (2018) showed that in the commercial building 159 

sector, the carbon mitigation values in 2001–2005, 2006–2010, and 2011–2015 were 123.96, 160 

252.83, and 249.07 Mt CO2, respectively, which demonstrate that China’s BEE work has achieved 161 

considerable progress in reducing carbon emission.  162 

Since energy consumption in the residential sector is a primary part of energy consumption at 163 

the country scale, it offers great opportunities for energy conservation. It is thus important to 164 

investigate the determinants of energy use in the residential sector. Filippini and Pachauri (2004) 165 

examined the influence of factors such as income, prices, household size and other household 166 

specific characteristics on electricity consumption in the household sector of urban areas in India. 167 

They found that electricity demand is income and price inelastic whilst household, demographic 168 

and geographical variables are significant determinants of household electricity consumption. 169 

Brounen et al. (2012) focused on the relationship between economic behavior and household 170 

energy consumption. The research revealed that the residential gas consumption is mainly 171 

dependent on structural dwelling characteristics and the electricity consumption is largely 172 

determined by income and family composition. Longhi (2015) further tested the influence of 173 

changes in household socio-economic characteristics on changes in energy expenditures and the 174 

results showed that dwelling characteristics, especially house size have the most significant impact 175 

on the energy consumption. Based on a case study in Italy, Besagni and Borgarello (2018) 176 

concluded that building, social-demographic and appliances variables are important determinants 177 

of residential energy expenditure.  178 

Existing literature also shed lights on the rebound effects to assess the reduction in expected 179 
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benefits resulting from increase in energy efficiency. Sorrell (2007) asserted that the energy 180 

savings achieved from improved energy efficiency are generally not realized in practice due to 181 

behavioral responses such as greater use of energy services. Such behavioral responses are referred 182 

to as the rebound effect. By analyzing the nature, operation and importance of rebound effects, the 183 

research called for an explicit treatment of rebound effects when assessing the potential impact of 184 

energy efficiency policies. Wolff and Schubert (2017) strengthened the point that the energy 185 

savings achieved from thermal retrofit are far less than expectation because of the rebound effects. 186 

Freire-González (2010) proposed a methodology to assess the magnitude of rebound effects in 187 

household and found that the existence of rebound effects reduces the effectiveness of energy 188 

efficiency policies. In addition to the studies commissioned to estimate the extent and magnitude 189 

of “economy-wide” macroeconomic rebound effects, Galvin (2015), Broadman (2010) and Hong 190 

et al. (2006) argued that energy poor households show larger rebound effects after energy 191 

efficiency retrofits. There is a tendency toward higher rebound effects in lower socio-economic 192 

groups (Chitnis et al., 2014). 193 

2.3 Methodologies for assessing implementation effects of BEE’s Special Planning 194 

A number of studies were performed to explore the methodology for assessing the 195 

implementation effects of BEE policies. Xin et al. (2014) established an evaluation method with 196 

the application of the multi-level expert evaluation method, and the evaluation indexes cover the 197 

aspects of policy mechanisms, financing modes and technical measures. McNeil et al. (2016) 198 

developed a bottom-up modeling framework to quantify the effects of energy efficiency programs 199 

in China’s building sector on potential energy savings and emission reduction. They found that the 200 

implementation of building codes provides the largest savings opportunity, leading to an overall 201 

17% reduction in overall space heating and cooling demand. Zhao et al. (2009) established a 202 

three-grade evaluation system for heat metering and EER of existing residential buildings in 203 

northern heating areas of China. Yang et al. (2010) proposed a method to identify and weight 204 

indicators for assessing the energy efficiency of residential buildings in China, and set out a list of 205 
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indicators of energy efficiency assessment in residential buildings in the hot summer and cold 206 

winter zone. Although previous studies have made considerable progress to evaluate the BEE 207 

policies and recommend on policy directions, prior research did not offer an appropriate 208 

methodology to conduct an ex-post assessment of BEE Special Planning. 209 

3 Description of the Methodology for an Ex-post Assessment of BEE Special Planning 210 

3.1 Ex-post assessment framework 211 

This research aims to develop a robust and systematic methodology for an ex-post assessment 212 

of BEE Special Planning in the context of China. An ex-post assessment framework is an essential 213 

pre-requisite for the development of the methodology. The framework of an ex-post assessment of 214 

BEE Special Planning is presented in Fig.2, which includes target, criteria and index layers. The 215 

target layer (A) relates to the main purpose of the ex-post assessment framework. The criteria layer 216 

(B) represents the dimensions based on which the assessment is carried out. The index layer (C) 217 

refers to the indexes pertaining to the identified dimensions. The framework allows a 218 

comprehensive ex-post assessment of the implementation effects of BEE Special Planning in 219 

Beijing during the past 12th FYP period. It also enables the researchers to identify main barriers 220 

hindering the implementation of BEE Special Planning and offer meaningful policy 221 

recommendations.  222 

This research started with a comprehensive review of existing literature on the evaluation of 223 

BEE policies to provide a preliminary list of dimensions and associated indexes. We then held two 224 

round-table discussions with in-house experts from Beijing Real Estate Science and Technology 225 

Research Institute and Research Center of Construction Science and Technology of Beijing 226 

Municipal Commission of Housing and Rural Development, along with external BEE experts to 227 

propose a three-dimensional index system for the ex-post assessment framework. In order to 228 

validate the dimensions and indexes for the ex-post assessment, a questionnaire was designed to 229 

solicit respondents’ views on the appropriateness of the indexes selected. The questionnaire also 230 
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elicits experts’ opinions on the weights of each dimension in the criteria layer and each index in 231 

the index layer. The main sections of the questionnaire are presented in Appendix 1. The 232 

questionnaire was sent to 32 experts from relevant fields of BEE and 28 valid responses were 233 

returned, representing a response rate of 87.5%. The composition of the respondents participating 234 

in the survey was shown in Fig.3.  235 

 3.1.1 Dimensions identification 236 

 Based on two rounds of round-table discussions, this research develops a three-dimensional 237 

ex-post assessment framework, which includes the realization degree of main planning targets (B1, 238 

which can quantitatively reflect the effects of the BEE Special Planning), the development level of 239 

BEE (B2, which qualitatively assesses the effects of BEE Special Planning), the facilitating 240 

mechanisms to promote BEE (B3, which indicates the extent to which the relevant mechanisms are 241 

in place to facilitate the implementation of the BEE Special Planning), as shown in Fig.4. The 242 

dimensions can comprehensively evaluate the tasks completed and the effects of BEE Special 243 

Planning, and reflect the development level of BEE and facilitating mechanisms to promote BEE. 244 

3.1.2 Establishment of the index system 245 

Based on the questionnaire survey result and the subsequent statistical analysis， the 246 

composition of indexes under B1, B2, B3 were adjusted. As for B1, ten indexes were reduced to 247 

eight indexes, with “Green building” and “Housing industrialization” being removed. The number 248 

of indexes under B2 was kept as ten, but “Index of heat transfer coefficient of building envelope” 249 

was adjusted to “Average energy-saving rate of residential building”, and “Areas and proportion of 250 

green buildings” was adjusted to “Average ranking of green buildings”. The number of indexes 251 

under B3 was reduced from ten to nine, with “Implementation of heat metering and charging 252 

system” being deleted. The index system under the ex-post assessment framework is shown in 253 

Fig.5. The description of each index is presented in Annex 1-3. 254 

3.1.3 Determination of the weights for dimensions and indexes 255 
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This research adopted the Expert Scoring Method to determine the weight of criteria layer 256 

and index layer. Based on the scores given by the experts in the questionnaires survey, the weight 257 

of the criteria layer and index layer is obtained (See Table 1). 258 

3.2 Establishment of the ex-post assessment model 259 

In this paper, the Fuzzy Synthetic Evaluation Method (FSEM) was applied to build the 260 

ex-post assessment model of BEE Special Planning. The FSEM is a widely used and effective 261 

multi-factor decision-making method based on fuzzy mathematics (Zhao et al., 2016; Shi et al., 262 

2017; Wu et al., 2017). Detailed steps are described as follows. 263 

3.2.1 Determine the factor sets of evaluation object 264 

The determination of factor sets is the first step to carry out the fuzzy synthetic evaluation. It 265 

is assumed that there are n indicators included in the evaluation object. The i th indicator can be 266 

expressed as ui. Thus, the factor sets can be expressed as follows: 267 

(1) 268 

As shown in Fig. 5, the factor sets of the ex-post assessment can be listed as follows: 269 

 Factor sets of A =｛B1, B2, B3｝ (2) 270 

 Factor sets of B1 =｛C11, C12, C13, C14, C15, C16, C17, C18｝  (3) 271 

 Factor sets of to B2 =｛C20, C21, C22, C23, C24, C25, C26, C27, C28, C29｝  (4) 272 

 Factor sets of B3 =｛C31, C32, C33, C34, C35, C36, C37, C38, C39｝  (5) 273 

3.2.2 Determine the weight sets of impact factors 274 

The weight quantitatively reflects the relative importance of every index in the ex-post 275 

assessment. The weight sets of impact factors can be expressed as follows: 276 

                                                                                                                (6) 277 

In Eq. (6),  278 

1

0, 1
n

i i
i

w w
−

≥ =∑

},,,,{ 21 ni uuuuU ⋅⋅⋅⋅⋅⋅=
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                                                                         (7) 279 

According to Table 1, the weight sets of impact factors in criteria layer and index layer can be 280 

presented as follows: 281 

    { }28.0,28.0,44.0=AW      282 

{ }03.0,16.0,16.0,04.0,09.0,10.0,14.0,28.01 =BW                                                              283 

{ }10.0,05.0,08.0,09.0,07.0,09.0,10.0,11.0,12.0,19.02 =BW                                                  284 

{ }10.0,05.0,09.0,10.0,12.0,12.0,12.0,15.0,15.03 =BW                                                     285 

3.2.3 Determine the grade sets of evaluation object 286 

The grade sets of evaluation object can be used to describe the evaluation results. Each grade 287 

can correspond to a fuzzy subset of an evaluation object. Here, assume that there are m grades 288 

included in the evaluation grade sets. The j th grade can be expressed as vj. Thus, the evaluation 289 

grade sets can be expressed as follows: 290 

(8) 291 

After experts’ discussion, evaluation grades about implementation effects’ ex-post assessment 292 

are divided into five grades: excellent, good, moderate, qualified and unqualified. So, the grade 293 

sets of evaluation object can be expressed as follows: 294 

 V = {excellent, good, moderate, qualified, unqualified}   (9) 295 

3.2.4 Establish the fuzzy relation matrix 296 

The Single Factor Evaluation method was adopted to establish the fuzzy relationship subset, 297 

and the Expert Scoring Method was applied to grade each evaluation index. According to Fig.5, 298 

the assessment indexes can be divided into quantitative and qualitative indexes. For the grade 299 

evaluation of quantitative index, the evaluation grade from different experts should belong to the 300 

same grade according to the evaluation standard of each index. That is, if the index i belongs to 301 

},,,,,{ 21 mj vvvvV ⋅⋅⋅⋅⋅⋅=



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

13 
 

evaluation grade vj（j=1，2，...，m）, its corresponding membership degree to this grade r ij equals 302 

to 1(r ij=1), and the membership degree to other grade vp（p≠j，p =1，2，...，m）is 0(r ip=0). Meanwhile, 303 

for the grade evaluation of qualitative index, the fuzzy subset ( )imiii rrrr ,,, 21 ⋅⋅⋅= can be 304 

established according to the results of different experts scoring. Finally, the fuzzy relation matrix R 305 

can be established through combining n fuzzy relation subsets of quantitative and qualitative 306 

indexes, which is shown in Eq. (10). 307 

 308 

(10) 309 

 310 

In Eq. (10), the element r ij of the ith row and j th column represents the membership degree of 311 

the factor ui for the evaluation grade vj. 312 

3.2.5 Establish the mathematical model 313 

Applying the FSEM method, the mathematical model of ex-post assessment can be 314 

established as follows: 315 

 316 

                                                                                       (11) 317 

 318 

In Eq. (11), B represents the membership degree judgment matrix, W represents the factor 319 

weight coefficient vector, and R represents the fuzzy relation matrix. After obtaining the synthetic 320 

evaluation judgment matrix B, the evaluation result can be determined according to the principle of 321 

maximum membership degree. The evaluation grade can thus be determined to the corresponding 322 

grade of maximum             .  323 
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4 Ex-post Assessment of the BEE Special Planning in Beijing during the 12th FYP Period 324 

Following the methodology in Section 3, an ex-post assessment was conducted for the BEE 325 

Special Planning in Beijing during the past 12th FYP period. 326 

4.1 Main contents of BEE Special Planning and the actual implementation effects 327 

According to the BEE Special Planning in Beijing during the 12th FYP period, the main 328 

contents include: (1) The status of BEC and the progress made of BEE during the past 11th FYP 329 

period; (2) The building energy demand and energy-saving potential during the 12th FYP period; (3) 330 

The guiding ideology, working principles and strategic objectives of BEE during the 12th FYP 331 

period; (4) Eight key programs of BEE during the 12th FYP period; (5) Seven safeguards to ensure 332 

the achievement of the goals. The relationship of the five parts is provided in Fig.6. The main 333 

goals of the BEE Special Planning are to achieve the total energy-saving goal of 6.2 million tce 334 

and the energy-saving goal for each key program is shown in Table 2. 335 

During the past 12th FYP period, each key program and energy-saving measures had been 336 

executed as scheduled with considerable achievements compared with the accomplishments 337 

gained during the 11th FYP period. Although the energy-saving goal in commercial buildings was 338 

not realized, the actual energy savings achieved by other major energy-saving programs had 339 

exceeded the expected goals. The actual total energy-saving amounts reached 6.34 million tce by 340 

the end of 2015 (See Table 2), which exceeded the planning goal of 6.2 million tce. 341 

4.2 The ex–post assessment of the implementation effects of BEE Special Planning 342 

Based on BEE Special Planning and its implementation in Beijing during the past 12th FYP 343 

period, an ex-post assessment on its implementation effects can be conducted by applying the 344 

ex-post assessment model as described in Section 3.2. 345 

4.2.1 Establish the grades evaluation criteria about the index layer 346 

According to the indexes’ properties, 8 indexes (C11~C18) which reflect the realization degree 347 
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of main planning targets and 4 indexes (C20~C23) belonging to the development level of BEE can 348 

be regarded as quantitative indicators. The remaining 15 indexes (C24~C29, C31~C39) are treated as 349 

qualitative indicators. As for the quantitative indicators, the evaluation grade and the membership 350 

degree were determined through comparing the actual performance with their expected targets. For 351 

qualitative indicators, the evaluation grade and the membership degree were obtained by using the 352 

Expert Evaluation Method. The grades evaluation criteria of the index layer are shown in Table 3. 353 

If the actual performance of a quantitative indicator exceeds its expected target, its grade can be 354 

evaluated as excellent.  355 

4.2.2 Establish the fuzzy evaluation subset of single factor 356 

Applying the grades evaluation criteria for two types of indicators in Table 3, a single factor 357 

fuzzy comprehensive evaluation of 27 indexes is conducted, and the evaluation subsets are 358 

summarized in Table 4. 359 

4.2.3 Establish the fuzzy relation matrix  360 

The fuzzy relation matrix RB1 can be developed through combining the fuzzy evaluation 361 

subsets of implementation effects for the indexes (C11~C18). The fuzzy relation matrix RB2 for the 362 

indexes (C20~C29) and RB3 for the indexes (C31~C39) can also be obtained. 363 
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4.2.4 The results of ex-post assessment on implementation effects 367 

Applying the Eq. (11), the result of ex-post assessment on the realization degree of main 368 

planning targets (B1) can be calculated as follows: 369 

 370 

 371 

 372 

 373 

 374 

 375 

Similarly, the results of ex-post assessment on the development level (B2) and facilitating 376 

mechanisms to promote BEE (B3) can be calculated as follows: 377 
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    378 

   379 

Finally, according to the calculation results of B1, B2 and B3, the results of the ex-post 380 

assessment of the implementation effects of BEE Special Planning in Beijing during the 12th FYP 381 

period (A) can be calculated by applying the Eq. (11) as follows: 382 

 383 

 384 

 385 

According to the result vector BA, it can be seen that the membership degree of grade V1 is 386 

0.428, which is the maximum value of BA. Applying the principle of maximum membership degree, 387 

the grade of ex-post assessment is V1, which indicates that the implementation effects of BEE 388 

Special Planning in Beijing during the 12th FYP period are excellent. 389 

4.3 Comprehensive score evaluation of implementation effects 390 

4.3.1. Establish the evaluation formula of comprehensive score 391 

Assigning different scores to five evaluation grades in Table 3, which are T=[100，90，80，392 

60，0]T. Thus, the comprehensive score evaluation formula of implementation effects can be 393 

deduced as follows:  394 

TBS ×=   (12) 395 

4.3.2. Calculate the comprehensive score of implementation effects 396 

Applying the Eq. (12), the comprehensive score of implementation effects for the target layer 397 

(A) can be calculated as follows: 398 
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 399 

The comprehensive score of the target layer is 83, locating between moderate grade and good 400 

grade, which indicates that the BEE Special Planning still has room for further improvement. 401 

Likewise, the comprehensive scores of the criteria layer (B) can be calculated respectively as 402 

follows: 403 

8011 =×= TBSB  404 

8422 =×= TBSB  405 

8633 =×= TBSB  406 

The comprehensive scores of the criteria layer are 80, 84 and 86 respectively, locating 407 

between moderate grade and good grade. This suggests that the criteria layer has room for 408 

improvement during the 13th FYP period in Beijing.  409 

Combining the Eq. (12) and Table 4, the comprehensive scores of 27 indexes for the index 410 

layer can be calculated, which are listed in Table 5. And the radar plot of scores’ distribution of 27 411 

indexes is shown in Fig.7.  412 

5 Discussions 413 

5.1 Performance analysis of the 27 indexes 414 

5.1.1 Achievements of the BEE Special Planning 415 

As shown in Table 5, apart from the C16, C21, C38 and C39 with relatively low scores, other 416 

indexes generally receive a score higher than 80. It is notable that C11, C13, C14, C15, C20, C23 and 417 

C24 score 100, indicating that the BEE Special Planning in Beijing during the 12th FYP period is 418 
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generally effective in terms of realizing the main planning targets, reaching the desired 419 

development level of BEE and ensuring the facilitating mechanisms to be in place.  420 

(1) Substantial increase of the proportion of energy efficient buildings 421 

During the 12th FYP period, the areas of newly constructed urban residential buildings with a 422 

level of energy-saving ratio of 65% are 94.24 million m2. The accumulated areas of urban energy 423 

efficient residential buildings have reached 451.25 million m2, which accounts for 92.2% of the 424 

total areas of urban residential buildings. The newly constructed urban commercial buildings with 425 

a level of energy-savings ratio of 50% are 74.37 million m2. The accumulated areas of energy 426 

efficient commercial buildings have reached 148.12 million m2, which represents 46.8% of the 427 

total areas of urban commercial buildings. By the end of 2015, the total areas of urban energy 428 

efficient civil buildings are 599.37 million m2, accounting for the 74.4% of the total areas of urban 429 

civil buildings (805.70 million m2). The proportion of energy efficient buildings has increased by 430 

17.3% from 57.1% in 2010.  431 

(2) Considerable effects of energy saving and carbon emission reduction  432 

Based on the relevant documents (BMCHURD, 2006; BMCHURD, 2011; BMCHURD, 433 

2016), this paper provides a comparative analysis of the implementation effects of the latest three 434 

BEE Special Planning in Beijing (See Table 6). Table 6 shows that heating energy consumption 435 

per unit building area has continually decreased and the total amounts of energy savings rose on a 436 

gradual basis. Obviously, considerable effects of energy saving and carbon emission reduction 437 

have been achieved by latest three BEE Special Planning.  438 

It is notable that despite the considerable energy savings per unit building area, the total 439 

energy consumption of civil buildings in Beijing grows at a rapid rate as a result of significantly 440 

increased building areas. The total energy consumption amounts in 2004, 2009 and 2014 were 441 

14.44 million tce, 19.456 million tce and 31.14 million tce respectively, accounting for 28.1%, 442 

29.6% and 45.6% of the total energy consumption (BMCHURD, 2006; BMCHURD, 2011; 443 
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BMCHURD, 2016). The rapid growth in demand for energy has imposed considerable pressure on 444 

energy supply. Meanwhile, in order to reduce carbon emissions, the Beijing Municipal 445 

Government largely encourages the use of clean energy (gas, thermal energy, new and renewable 446 

energy) to replace coal consumption. For example, as shown in the Table 6, the natural gas heating 447 

area in Beijing has increased from 35.6% in 2005 to 54.9% in 2015, whilst the coal heating area 448 

decreasing from 42.1% to 18.7%. Since 2016, the Beijing Municipal Government mandated the 449 

use of natural gas for district heating, which further exacerbates the problem of deficiency in gas 450 

supply. With respect to the gap between the energy demand and supply, it is essential that the 451 

government invest more in infrastructures to increase the gas supply, and in the meantime, 452 

continually commit to energy efficiency upgrades. 453 

 (3) Beijing’s BEE development level close to the advanced level of developed countries  454 

During the 12th FYP period, Beijing took the lead in China to implement the new “Design 455 

Standard for Energy Efficiency of Residential Buildings (DB 11/891-2012)” with an energy saving 456 

ratio of 75%, where heating energy consumption index for new residential buildings has dropped 457 

from 8.82kgce/m2 to 6.3kgce/m2. Since Germany’s climate conditions and energy structure is 458 

relatively similar to that of Beijing, this paper presents a comparison of heat transfer coefficient 459 

(also referred to as U-value) of building envelope between Beijing and Germany (See Table 7). 460 

From Table 7, it can be seen that Beijing’s BEE development level is close to the advanced level of 461 

developed countries under the same climate zone (e.g., Germany).  462 

5.1.2 “Short bucket” of the BEE Special Planning implementation  463 

As shown in Table 5, the comprehensive scores of C16 and C21 are 0, and the comprehensive 464 

scores of C38 and C39 are below 70, which indicate that these four indicators’ objectives had not 465 

been realized during the 12th FYP period. These are the “short buckets” in the implementation of 466 

the BEE Special Planning in Beijing during the 12th FYP Period. 467 

According to the relevant documents (BMCHURD, 2011; BMCHURD, 2016), the mean 468 
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electricity consumption per unit area of commercial building should have been reduced by 12% by 469 

the end of 12th FYP Period. However, by the end of 2014, the index value of mean electricity 470 

consumption reached 103.8kWh/m2, which had increased by about 22.55% compared to the 471 

baseline value (84.7kWh/m2) in 2009. Thus, the expected target of C21 was not realized and further 472 

the total energy saving goal of C16 was also not realized. Fig. 8 shows the variation trend of mean 473 

electricity consumption index of large-scale (more than 20000 m2), medium-sized (between 3000 474 

m2 and 20000 m2) and small-sized (less than 3000 m2) commercial buildings during the 12th FYP 475 

period in Beijing. 476 

As shown in Fig. 8, if the electricity consumption index of commercial buildings in 2009 is 477 

taken as the baseline, by the end of 12th FYP period, the electricity consumption per unit area in 478 

large-scale office building, hotel and restaurant, shopping mall had been reduced by 23.94%, 479 

23.15% and 37.83%, respectively. Electricity consumption per unit area in small and 480 

medium-sized office building, hotel and restaurant, shopping mall had increased by 25.82%, 481 

28.85% and 110.69%, respectively. The mean electricity consumption per unit area of small-sized 482 

commercial building was 93.16kWh/m2 by the end of 12th FYP period, which had increased by 483 

9.99% on the basis of 84.7kWh/m2 in 2009. It is clear that despite the decrease of electricity 484 

consumption in large-scale commercial building, the overall electricity consumption of 485 

commercial building increased as a result of the significant rise of electricity consumption in small 486 

and medium-sized commercial building.  487 

The gap between the actual electricity savings and the expected value specified in the BEE 488 

Special Planning may be explained by the rebound effects, as highlighted in existing literature 489 

(Frank, 2001; Sorrell and Dimitropoulos, 2008). It has been widely recognized that energy 490 

improvements do not generally lead to the estimated amount of reductions in energy consumption 491 

(Saunders, 2013). One explanation is that improvements in energy efficiency encourage greater 492 

use of energy because the increase in efficiency reduces the price of energy which makes 493 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

22 
 

additional energy services affordable (Sorrell and Dimitropoulos, 2008). This research reinforced 494 

that such behavioral responses, known as rebound effects, compromise the quantity of energy 495 

saving that are expected to be achieved through energy efficiency upgrades (Galvin, 2014). The 496 

increase in electricity consumption in small and medium-sized commercial buildings resonate with 497 

previous findings that energy poor households show larger rebound effects (Wolff et al., 2017; 498 

Boardman, 2010). This may be due to the reason that the increase in energy efficiency lead to 499 

higher energy service demand, which was largely unmet prior to the energy efficiency 500 

improvement (Chakravarty et al., 2013). The users of small and medium-sized commercial 501 

buildings may take advantage of the energy efficiency upgrade to pursue other energy services (e.g. 502 

new ventilation systems, better air-conditioning equipment) to fulfill the unmet demand and 503 

improve their comfort of living. We agree with Boardman (2010) and Galvin (2015) that high 504 

rebound effects among groups initially consuming disproportionately small quantities of energy 505 

services do not necessarily compromise the overall energy and climate goals. It is important to 506 

take social justice into account when designing policy instruments tackling with rebound effects.  507 

5.2 Evaluation grade standards of the indexes 508 

Assume that the evaluation grade standards for quantitative indicators are improved and those 509 

for qualitative indicators remain unchanged in Table 3. Thus, a new evaluation scheme, named 510 

Scheme II, is formed, and the initial scheme in Table 3 is named Scheme I. The grade standards’ 511 

comparison of the two schemes is listed in Table 8. 512 

According to the evaluation grade standards of Scheme II and adopting the same calculation 513 

process similar to Scheme I, the result of the ex-post assessment of implementation effects about 514 

BEE Special Planning in Beijing during the 12th FYP period can be calculated as follows.  515 

 516 

Based on the result vector BA, the grade of post-assessment is also V1, which represents 517 

excellent. The comparison of the evaluation results based on Scheme I and Scheme II are shown in 518 

( )256.0,053.0,164.0,213.0,316.0=×= AAA RWB
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Fig. 9. 519 

According to the principle of maximum membership degree, although the evaluation grades 520 

of two schemes are both V1 in Fig.9, the proportion belonging to excellent and good grades in 521 

Scheme I is higher than that of Scheme II, while the proportion belonging to moderate, qualified 522 

and unqualified grades in Scheme I is lower than that of Scheme II. The reason for this result is 523 

that the evaluation grade standards for quantitative indicators in Scheme II are relatively stricter 524 

than those of Scheme I in Table 8. Therefore, it can be deduced that as the indexes’ evaluation 525 

standards are improved, the proportion belonging to excellent and good grades will decline and 526 

that belonging to qualified and unqualified grades will rise. The ex-post assessment result may 527 

change if the indexes’ evaluation standards are raised to a certain level. Therefore, the indexes’ 528 

evaluation standards are an important factor affecting the ex-post assessment result when applying 529 

the FSEM. 530 

5.3 Main barriers hindering the implementation of BEE Special Planning 531 

Through conducting an ex-post assessment of implementation effects of BEE Special 532 

Planning in Beijing, the following main barriers during the past five-year process were identified, 533 

which are discussed under following sub-headings.  534 

5.3.1 High electricity consumption of large-scale commercial buildings 535 

As shown in Fig. 8, mean electricity consumption index in commercial building, especially in 536 

shopping mall is too high during the 12th FYP period in Beijing. This may be because that large 537 

glass curtain walls acting as building envelopes are very popular in commercial buildings. Due to 538 

lack of technical measures of shading and heat insulation, the internal space of commercial 539 

buildings can gain too much heat by glass curtain walls. Also, the internal space is difficult to 540 

interchange fresh air and the buildings cannot effectively use outdoor low temperature air, which 541 

causes too much heat gathering inside the buildings. Furthermore，lack of energy efficient 542 

management during the operation process of large-scale commercial buildings may also the reason 543 
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for high electricity consumption. 544 

5.3.2 Insufficient data information 545 

The reason causing the low score of the index C39 is that the database of BEC lacks of 546 

adequacy. Such problem is mainly reflected on the facts that the principles for data collection of 547 

BEC were inconsistent, the types of data needed were not confirmed and data collection sources 548 

are not clear. These factors lead to the inadequacy of actual BEC data and further influence the 549 

quality of subsequent statistical analysis. 550 

5.3.3 Slow uptake of modern information technology 551 

During the past 12th FYP period, several information platforms，such as on-line monitoring 552 

platform of electricity consumption of large-scale commercial buildings and on-line monitoring 553 

system of heating energy consumption, were successively established by the Beijing Municipal 554 

government. Some local governments of Beijing Municipality have built their energy consumption 555 

monitoring platforms. However, these were not fully integrated with relevant data effectively.  556 

The monitoring coverage was not wide enough and the types of BEC being monitored were not 557 

comprehensive. Moreover, there were no consistent standards and technology supports for the 558 

monitoring platform. 559 

5.3.4 Lack of market participation 560 

Currently, the BEE program is predominately driven by administrative forces from the 561 

government. The market has not played an important role in promoting BEE. Limited market 562 

participation may be due to a lack of attractiveness of the BEE activities to investors. This is in 563 

line with prior findings that actual energy savings in thermal retrofit is far less than theoretical 564 

calculations, which greatly compromise the economic viability of thermal retrofit of buildings 565 

(Galvin and Sunikka-Blank, 2013; Michelsen and Müller-Michelsen, 2010). It is even more 566 

difficult to attract market investment for low-income tenants due to the uncertainty in demand and 567 
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investment returns (Großmann et al. 2014). Without effective market participation, it is very 568 

difficult to promote further development of BEE. 569 

5.3.5 Lack of wider social recognition of BEE 570 

Although Beijing has made considerable achievements and plays a leading role in the 571 

implementation of BEE in China, the promotion of BEE mainly relies with the government’s 572 

administrative power, lacking of the participation of wider community. Meanwhile, due to lack of 573 

effective publicity and popularization of BEE, the public perception about BEE remains at a 574 

preliminary stage, with some individuals even casting doubt on the value of BEE. In absence of 575 

wider social recognition of BEE, the large-scale promotion of BEE during the 13th FYP period will 576 

be hindered. 577 

6 Conclusions and Policy Recommendations 578 

The BEE Special Planning is characterized by multi-objective, multi-dimensional and large- 579 

long time span. It is a great challenge to conduct an ex-post assessment of the completed BEE 580 

Special Planning. This paper was the first attempt to examine the implementation effects of BEE 581 

Special Planning, which is a special policy instrument set out in China. In this paper, a synthetic 582 

ex-post assessment methodology was developed. In the development of the methodology, an 583 

ex-post assessment framework including target layer, criteria layer and index layer with 27 indexes 584 

describing implementation effects was first identified. The weight of criteria layer and index layer 585 

were then determined by applying Expert Scoring Method. Based on the FSEM, the ex-post 586 

assessment model of BEE Special Planning was established.  587 

 By applying the methodology to conduct the ex-post assessment of the implementation 588 

effects of BEE Special Planning in Beijing during the 12th FYP Period, we found that generally 589 

speaking, the overall implementation effect of the policy document is excellent. When examining 590 

individual index, we found that the indexes C16 and C21 are the “short bucket” of BEE which needs 591 

more resource investment during the 13th FYP period in Beijing, and the indexes C38 and C39 also 592 
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need more attention in the future. We further identified the main barriers that will hinder the 593 

further development of BEE in Beijing such as high electricity consumption of large-scale 594 

commercial buildings, insufficient data information, slow uptake of modern information 595 

technology, lacking of market participation and wider social recognition of BEE. It is also notable 596 

that the indicators’ evaluation standards are important factors affecting the ex-post assessment 597 

result when applying the FSEM method.  598 

The ex-post assessment methodology offers a useful and systematic framework to evaluate 599 

the implementation effects of BEE Special Planning, and other BEE policies. By applying the 600 

methodology to the ex-post assessment of BEE Special Planning in Beijing during the “12th 601 

Five-Year Plan” Period, the implementation effects of the policy document are evaluated. The 602 

challenges that the BEE work face and shortcomings of policy instruments can be identified, 603 

which provide important reference for policy makers to adjust the policy directions and further 604 

facilitate informed and effective policy making. 605 

It is hoped that the methodology presented in this paper can provide a generic framework for 606 

conducting an ex-post assessment of BEE policies. However, adjustments may be required when 607 

evaluating future policy documents due to the evolvement of contextual factors. For example, 608 

when evaluating the implementation effects of the BEE Special Planning during the “13th 609 

Five-Year Plan” period, the indexes identified in this research and the weights given to the indexes 610 

may be modified to accommodate the evolving scope of the BEE work. It is therefore essential that 611 

the methodology to be applied elsewhere by taking unique contextual elements into account. 612 

The policy recommendations for improved BEE Special Planning in future are provided as 613 

follows: 614 

� Since an information management system of BEC is essential to conduct the energy 615 

consumption testing and perform data collection, transmission and analysis, this research 616 

suggests that energy management centers of large-scale commercial buildings should be 617 
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established and get connected to the Beijing Building Energy Consumption Information 618 

Platform so that the BEC’s information management system during the period of 13th FYP can 619 

be improved. Also, a statistical analysis system of BEC for individual building and groups of 620 

buildings needs to be established, and the index system should be refined according to the 621 

features of different types of buildings. Relevant departments in the Beijing Municipal 622 

government should establish and continuously update the BEC database of different types of 623 

buildings to provide detailed data about BEC of each type of buildings and analyze the 624 

energy-saving potential and the benefits arising from the EER through energy consumption 625 

simulation.   626 

� This research suggests that an over-pricing mechanism should be designed when energy 627 

consumption of the building exceeds the energy consumption threshold. Currently, residents in 628 

Beijing pay for annual heat fee based on their apartment floor areas, rather than on actual heat 629 

consumption amounts. The heat metering has not been installed in most residential areas of 630 

energy efficiency buildings. A charging approach based on energy consumption has not been 631 

applied. As such, residents lack the motivations to engage energy-saving behaviors. This 632 

results in a situation that “energy efficiency building does not save energy”. This research thus 633 

suggests that heat metering and charging system should be implemented as soon as possible in 634 

new constructed residential area and existing residential areas after being retrofitted. 635 

� Considering the increasing demand for technology and management professionals for BEE, 636 

this research recommends that BEE specialty may be set up in relevant universities in order to 637 

cultivate the professionals. In the meantime, vocational training institutions are encouraged to 638 

actively carry out specialized technical training for BEE practitioners to improve their 639 

professional skills. Strengthening the research and development of key technologies and 640 

technology integration innovation are important for the professional cultivation and the 641 

improvement of core competence in the field of BEE. 642 
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� In order to raise the public awareness of BEE, this research recommends a “Publicity Week of 643 

BEE” to facilitate basic knowledge sharing. Various forms of publicity activities, such as 644 

public service advertising, experts preaching, communication and discussion through the 645 

Internet and social media are recommended to be carried out. Good demonstration of a pilot 646 

project of BEE technology application is necessary to showcase how the BEE can actually be 647 

implemented and associated benefits. Also, a low-carbon lifestyle needs to be actively 648 

advocated to the whole community. 649 

� During the 13th FYP period, it is recommended that the contractors should provide all BIM 650 

data and information when handing new buildings over to the owner. Also, it is useful to adopt 651 

the IoT (Internet of Things) technology to build an energy monitoring information platform 652 

for buildings, and embed the BIM data of each building to the platform. By integrating the 653 

BIM data and the information provided by the platform, buildings’ spatial information and 654 

dynamic energy consumption monitoring data can be well matched. With the application of 655 

big data analysis, the actual level of energy consumption can be monitored, analyzed and 656 

diagnosed, based on which buildings’ energy use strategies and parameters can be adjusted 657 

and optimized so that the overall level of energy efficiency management will be improved. 658 
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A list of abbreviations 665 

No. Abbreviations Explanation 
1 BEE building energy efficiency 
2 BEC building energy consumption 
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3 EER energy efficiency retrofitting 
4 FSEM fuzzy synthetic evaluation method 
5 FYP five-year plan 
6 tce tons of standard coal 
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Annex 1 The explanation of C11- C18 indexes 
 

Number Index Index explanation 

1 C11 

� Fully implementation of 75% energy-saving design standards 
in newly constructing residential buildings; 

� Completing the revision of commercial Building Energy 
Efficiency Design Standards; 

� The proportion of new green building area reaches 10% of 
total new building area, a total of 35 million square meters of 
green building are newly built; 

� The proportion of industrialized construction residential 
buildings reaches more than 30% of total construction area of 
that year. 

2 C12 
� Demolishing urban and rural energy inefficient buildings, and 

rebuilding as energy efficient buildings. 

3 C13 
� The EER areas of envelope structure on energy inefficient 

residential buildings and commercial buildings reach 60 
million square meters. 

4 C14 

� Applying shallow geothermal or sewage source heat pump 
heating and cooling in civil building;  

� Solar photovoltaic integrated building;  
� Application of solar water heating system in civil building; 
� Application of solar-thermal system on civil building heating. 

5 C15 
� Newly constructing peasants’ energy efficient buildings; 
� Carrying out EER in existing rural residential buildings; 
� Adjustment of rural area energy consumption structure. 

6 C16 

� Electricity consumption itemized metering and monitoring 
platform in large-scale commercial building;  

� Implementation of energy consumption quota and ladder 
electricity price; 

� Establishing the BEE management systems involving itemized 
metering measurement of energy consumption, dynamic 
monitoring, energy consumption statistics, energy audits, 
energy efficiency public announcement etc. in large-scale 
commercial building.  

7 C17 

� Heating system integration; 
� EER of heating system; 
� Structure adjustment of heating energy. 

8 C18 

� Implementing heat metering and charging system; 
� Mobilize the energy-saving enthusiasm of building user and 

operation management staff through economic incentive 
policies, administrative measures and education publicity. 
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Annex 2 The explanation of C20- C29 indexes 

Number Index Index explanation 

1 C20 
� areaunit per n consumptio energy heating ingCorrespondenergy of typesdifferent  of proportion area heating The∑ ×  

Different types of energy heating refer to gas heating (include wall hung gas boiler), coal-fired central heating and urban central 
heating. 

2 C21 � 
 building publicurban  of area  totalThe

 building publicurban  ofn consumptioy electricit  totalThe  

3 C22 

� 
area lresidentia Total

area  lresidentia ingCorrespondbuildings lresidentia of typesdifferent  of ratio saving-Energy∑ ×
 

In Beijing, residential buildings can be divided into energy inefficient buildings, energy efficient buildings of the first step, 
energy efficient buildings of the second step, energy efficient buildings of the third step and energy efficient buildings of the 
fourth step, and their energy-saving ratios are 0%, 30%, 50%, 65% and 75% based on BEC baseline in 1981 respectively.  

4 C23 
� Energy conversion efficiency of the boiler; 

� Heating pipe network efficiency. 

5 C24 � 
Area lResidentia Total

energy renewable of typesdifferent  of arean Applicatio∑  

6 C25 

� 
area buildinggreen  Total

area builindg ingCorrespond buildinggreen  of Ranking∑ ×
 

Ranking of green building refers to one-star, two-star and three-star green building. 

7 C26 

� Heat transfer coefficient of exterior windows and doors; 

� Heat efficiency index of heat source and pipe network; 

� Heating energy consumption index of unit building area; 
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� Unit electricity consumption index of air conditioning in commercial building. 

8 C27 � Comprehensive result of new materials, new equipment, new technology and new construction process. 

9 C28 

� Application of greening construction technology in constructing process; 

� Construction technology application of housing industrialization, which includes design standardization, prefabricated 

parts, construction of the assembly, specialization of transportation and IT application in management; 

� Application of other new technologies and new processes in constructing process. 

10 C29 

� Advanced technologies application of solar collector heating, geothermal heat pump, cogeneration central heating etc.; 

� Advancement of heat metering technology; 

� Advancement of heat source and heating pipe network. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Annex 3 The explanation of C31- C39 indexes 
 

Number Index Index explanation 

1 C31 

� Formulate specific implementation rules or management measures based on Beijing 

Municipality’s Implementation Method about Energy Conservation Law of People's 

Republic of China; 

� Revise Building Energy Efficiency Management Regulations of Beijing to further clarify 

the principles of implementation, promoting policies, operating subject, supervision and 

administration, legal responsibility. 

2 C32 

� Revise Design standard for energy efficiency of residential buildings of Beijing and 

Design standard for energy efficiency of commercial buildings of Beijing in order to 

make the energy-saving ratio of new residential building reaches 75%;  

� Formulate Design Standard for Green Building of Beijing and Assessment Standard for 

Green building of Beijing; 

� Compile design standard for BEE and anti-seismic in rural residential building of 

Beijing; 

� Formulate and revise relevant energy efficiency regulations and standards for 

commercial building and heating systems. 

3 C33 
� Formulate and perfect related incentive policies to promote the development of green 
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building and housing industrialization; 

� Improve support policies and establish fund guarantee mechanism of BEE. 

4 C34 

� Establish market supervision system for construction quality, materials and products of 

BEE; 

� Establish market supervision system for BEE operation management of commercial 

building and heat-supply enterprises; 

� Establish market supervision system for BEE testing and certification organizations; 

� Establish market supervision system for financial funds application on BEE. 

5 C35 

� Strengthen the research and popularization of new materials, new technologies, new 

equipment and new process; 

� Strengthen the promotion mechanism of science and technology development; 

� Enhance the market supply capacity of BEE materials and products; 

� Strive to develop the service industry of BEE. 

6 C36 

� Strengthen the unified leadership to each county government of Beijing; 

� Strengthen the coordination of relevant departments in charge of BEE;  

� Strengthen the construction of administrative institutions and law enforcement agencies; 

� Perfect the evaluation methods of responsibility goal of BEE work. 

7 C37 
� Strengthen the personnel training of technique and management of BEE; 

� Cultivate the technology and management team for BEE work in rural areas of Beijing. 
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8 C38 

� Propagandize related laws and scientific knowledge of BEE through media and 

exhibitions, public service advertising, exchange seminars, on-site experience etc.; 

� Carry out the systematic education about energy-saving scientific knowledge at all levels 

of schools and universities. 

9 C39 

� Establish the monitoring platform for building information and energy consumption 

information of large-scale commercial building; 

� Realize the sub-metering and wireless transmission of BEC with the utilization of 

information technology; 

� Establish the BEE database and realize the automatic analysis of BEC with big data 

technology;  

� Carry out BEE public announcement with the Internet. 
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Table 1 A summary of index weight 

Criteria layer Weight（%） Index layer Relative weight (%) Absolute weight (%) 

B1 44 

C11 28 12 

C12 14 6 

C13 10 4 

C14 9 4 

C15 4 2 

C16 16 7 

C17 16 7 

C18 3 1 

B2 28 

C20 19 5 

C21 12 3 

C22 11 5 

C23 10 3 
C24 9 3 
C25 7 2 
C26 9 3 
C27 8 2 
C28 5 1 
C29 10 3 

B3 28 

C31 15 4 

C32 15 4 
C33 12 3 

C34 12 3 

C35 12 3 

C36 10 3 

C37 9 3 

C38 5 1 

C39 10 3 
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Table 2 The expected and actual energy-saving amounts of each key program for BEE during the 12th FYP period 
 

No. BEE program Objective 
Expected 

energy- saving 
amount/tce 

Actual energy 
–saving 

amount /tce 

1 New buildings 
New buildings of 200 million square meters will be built with BEE design 
standard, and design standard for new residential buildings will be further 
improved to reach the energy-saving ratio of 75%. 

171.97 230.08 

2 
Demolishing energy 
inefficient buildings 

and rebuilding 

Demolishing energy inefficient buildings of 10 million square meters in urban 
areas and 40 million square meters in rural areas respectively, and rebuilding 
them with the new BEE design standard. 

89.46 87.20 

3 
EER of existing 

buildings 
The areas of EER are 30 million square meters in existing residential buildings 
and public buildings respectively. 

60.6 63.20 

4 
Renewable energy 

application in 
buildings 

Shallow layer geothermal and sewage-source heat pump are adopted for space 
heating and cooling up to 18 million square meters of civil buildings 

14 

56.94 

20.2 

59.99 

The building roof areas of solar photovoltaic integration will reach up to 1 
million square meters, which will produce 40,000 kW photovoltaic power 
generation capacity 

2.97 14.85 

The building areas of using solar water heating systems will reach up to 110 
million square meters and the areas of solar collector will reach up to 5.5 
million square meters. 

39.6 24.48 

The building areas of using solar thermal heating will reach up to 0.16 million 
square meters and the areas of solar collector will reach up to 40,000 square 
meters. 

0.37 0.46 

5 
BEE in rural 

residential buildings 

The total quantities of newly-construction energy efficient residential 
buildings and existing residential buildings retrofitted with energy efficient 
standard will reach up to 200,000 households in rural areas. 

24 74.04 

6 BEE in commercial Electricity consumption per unit area of commercial building will reduce by 97.06 0 
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building operation 12% through the implementation of energy consumption quota and ladder 
electricity price. 

7 
BEE in heating 

system 
Including heating resources integration, EER of heating system and structure 
adjustment of heating energy. 

99.1 98.25 

8 
Behavior 

energy-saving 
The building areas implementing heat metering and charging system will 
reach up to 200 million square meters. 

20.87 16.7 

9 Green buildings - - 3.67 

10 
Energy saving 

through residential 
industrialization 

- - 1.134 

Total 620 634 
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Table 3 The Grades evaluation criteria of the index layer 

Type of indicator 
Evaluation grades 

V1 V2 V3 V4 V5 

Qualitative indicators excellent good moderate qualified unqualified 

Quantitative indicators ≥100% ≥90% ≥75% ≥60% ＜60% 

Note: 100% represents the ratio of actual completion amount divided by expected completion 

amount. 
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Table 4 The summary of fuzzy evaluation subset of single factor 

Single factor indicator 

Realization 

degree of 

quantitative 

indicators 

Single factor evaluation 

V1 V2 V3 V4 V5 

≥100% ≥90% ≥75% ≥60% <60% 

excellent good 
moderat

e 

qualifie

d 

unqualifie

d 

Fuzzy evaluation subsets of implementation effects for realization degree  
of main planning targets 

C11 133% 1 0 0 0 0 

C12 97% 0 1 0 0 0 

C13 104% 1 0 0 0 0 

C14 105% 1 0 0 0 0 

C15 309% 1 0 0 0 0 

C16 0% 0 0 0 0 1 

C17 99% 0 1 0 0 0 

C18 80% 0 0 1 0 0 

Fuzzy evaluation subsets of implementation effects for the development level  
of BEE 

C20 130% 1 0 0 0 0 

C21 －22% 0 0 0 0 1 

C22 —— 0.5 0.5 0 0 0 

C23 100% 1 0 0 0 0 

C24 170% 1 0 0 0 0 

C25 —— 0 0.5 0.5 0 0 

C26 —— 0.88 0.12 0 0 0 
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C27 —— 0.13 0.62 0.25 0 0 

C28 —— 0 0.5 0.5 0 0 

C29 —— 0.13 0.74 0.13 0 0 

Fuzzy evaluation subsets of implementation effects for facilitating mechanisms to 
promote BEE 

C31 —— 0.37 0.63 0 0 0 

C32 —— 0.37 0.63 0 0 0 

C33 —— 0.12 0.64 0.12 0.12 0 

C34 —— 0 0.37 0.5 0.13 0 

C35 —— 0.13 0.63 0.24 0 0 

C36 —— 0.13 0.5 0.37 0 0 

C37 —— 0.13 0.37 0.25 0.25 0 

C38 —— 0.13 0.25 0.37 0 0.25 

C39 —— 0.13 0.25 0.13 0.37 0.13 

Note: “——”  represents unable to measure the realization degree for qualitative indicator. 
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Table 5 The comprehensive scores of 27 indicators for the index layer 

Index Score Index Score Index Score 

C11 100 C20 100 C31 93.7 

C12 90 C21 0 C32 93.7 

C13 100 C22 95 C33 86.4 

C14 100 C23 100 C34 81.1 

C15 100 C24 100 C35 88.9 

C16 0 C25 85 C36 87.6 

C17 90 C26 98.8 C37 81.3 

C18 80 C27 88.8 C38 65.1 

  C28 85 C39 68.1 

  C29 90   
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Table 6 Implementation effects of the latest three BEE Special Planning 

                     

Time 

 

Indicator 

By the end of 10th 

FYP of BEE 

(2001-2005) 

By the end of 11th  

FYP of BEE 

(2006-2010) 

By the end of 

12th FYP of BEE 

(2011-2015) 

Total energy savings (Mtce) 100 396 634 

Total CO2 emission reduction 

(Mtce) 
250 990 1585 

The average heating energy 

consumption per unit area 

(kgce/m2) 

20.8 16.49 13.9 

The proportion of heating 

areas by gas (%) 
35.6 43.5 54.9 

The proportion of heating 

areas by municipal central 

heating (%) 

19.8 23 25.1 

The proportion of heating 

areas by coal (%) 
42.1 31 18.7 

The proportion of heating 

areas by new and renewable 

energy (%) 

—— —— 1.5 
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Table 7 A comparison of heat transfer coefficient of building envelope  

between Beijing and Germany 

Building envelope 
Roof 

U(W/(m2.K) 

External 

wall 

U(W/(m2.K) 

External 

window 

U(W/(m2.K) 

The top slab 

of basement 

U(W/(m2.K) 

Beijing regulation in  

DB 11/891-2012 

≤3 storey 0.30 0.35 1.5～1.8 

0.5 4～8 storey 0.35 0.40 1.8～2.0 

≥9 storey 0.40 0.45 1.8～2.0 

Germany regulation in 2009 0.20 0.28 1.3 0.35 
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Table 8 The grade standards’ comparison of the two schemes 

Type of indicator 
Standards of evaluation grade 

V1 V2 V3 V4 V5 

Scheme I 
qualitative excellent good moderate qualified unqualified 

quantitative ≥100% ≥90% ≥75% ≥60% ＜60% 

Scheme II 
qualitative excellent good moderate qualified unqualified 

quantitative ＞＞＞＞120% ＞＞＞＞110%, ≤120% ＞＞＞＞100%,≤110% ＝100% ＜100% 
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Fig.1 Technology road-map for implementation effects’ ex-post assessment of 

BEE Special Planning 
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Special Planning in Beijing during the12th FYP period 
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Familiar with the contents of 
BEE Special Planning 

Collect relevant data and 
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Planning’s implementation 
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Fig.2 Ex-post assessment framework of BEE Special Planning 
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Fig. 3 The Composition of Expert Panel 
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Fig. 4 The dimensions of ex-post assessment system 
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Ex-post assessment on implementation effects of BEE 

Special Planning in Beijing during the 12th FYP period (A) 
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Fig.5 The index system of ex-post assessment on BEE Special Planning in Beijing during the 12th FYP period 
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Fig.6 Main contents and their relationship of BEE Special Planning in Beijing 

Key eight programs 
� Stricter design standard for 

energy efficiency of new 
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Fig.7 The radar plot of scores’ distribution of 27 indexes for the index layer 
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Fig.8 The variation trend of mean electricity consumption index of commercial 

buildings during the 12th FYP period in Beijing 
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Fig.9 Comparison of the evaluation results based on Scheme I and Scheme II 
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Highlights 

� We set out the ex-post assessment criteria from three dimensions; 

� Establish the ex-post assessment framework from target layer, criteria layer and 

index layer, and 27 indexes are identified; 

� Establish the ex-post assessment model by applying the FSEM; 

� The indicators’ evaluation standards are the important factors affecting the 

ex-post assessment result;  

� Identify the main barriers to BEE implementation in Beijing and propose policy 

recommendations. 


