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Abstract: In order to carry out an ex-post assessment ef dbmpleted Building Energy
Efficiency Special Planning, a comprehensive ex-pessessment methodology is established. The
methodology sets out the ex-post assessment aritern three dimensions and 27 indexesd

apply the Fuzzy Synthetic Evaluation Method to thtile ex-post assessment model. Applying the
methodology, this research assesses the effecisavfethe Building Energy Efficiency Special
Planning in Beijing during the “I2Five-Year Plan” period. The results show thasigenerally
effective in terms of realizing the main planniaggets, reaching the desired development level of
Building Energy Efficiency and ensuring the faatihng mechanisms to be in place. To be specific,
substantial increase of the proportion of enerdicieht buildings and considerable effects of
energy saving and carbon emission reduction haven bachieved, whilst the electricity
consumption per unit area in small and median-sc@dmercial buildings being increased. The
research further identifies the main barriers ® ithplementation of building energy efficiency
program includes high electricity consumption afgscale commercial buildings, insufficient
data information, slow uptake of modern informatieahnology, lack of market participation and
lack of wider social recognition. Based on the sssent result and subsequent analysis,
commensurate policy recommendations were propo$bd research was the first attempt
examining the implementation effects of BEE Spelelahning in Beijing.

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

assessment; Fuzzy Synthetic Evaluation Method
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1 Introduction

During the last decades, energy consumption of &hias largely increased due to rapid
economic growth and social development. Curre@hina has become the world’s largest energy
consumer and carbon dioxide emitter (BP Global 020Ihe Building Energy Consumption (BEC)
represents a major share of China’s total energguwmption (Lin and Liu, 2015). According to
the National Development and Reform Commission (KHDR014), total amounts of BEC reached
1.27 billion tce (tons of standard coal) in 2014jiel accounted for 29.8% of the total energy
consumption. The Building Energy Conservation Rese&enter (BERC, 2016) predicted that
the total amounts of BEC should be controlled withil billion tce (not including renewable
energy sources), which accounts for 23% of Chimatal energy consumption amounts of 4.8
billion tce by the end of 2020. With regard to trabitious goals to achieve energy savings in the
building sector,, a Building Energy Efficiency (BERrogram was initiated. The BEE program
mainly involves five aspects: (1) adoption of eryegfficiency measures on newly constructed
buildings, (2) promotion of Energy Efficiency Rditong (EER) of existing buildings, (3)
utilization of renewable energy, (4) enhancemerdradrgy efficiency of operation management of
large-scale commercial buildings, and (5) adoptainenergy efficiency measures on rural
residential buildings.

The series of BEE Special Planning were useful cgoldocuments to guide the
implementation of BEE program (Evans et al., 2(Hdu et al., 2016). Dating back to 1996, the
central government formulated the first BEE SpeBiahning, theBuilding Energy Efﬁciencygth
Five-year’Planning (1996-2000) and Perspective Long-term Riag of 2010In February 2017,
Development Planning of Building Energy Efficienagd Green Building during the 13
Five-year Period (2016-2020was issued by the Ministry of Housing and UrbanmgRu
Development, which stands for thé" BEE Special Planning in China. Meanwhile, local

governments released their own BEE Special Planoirggide BEE development in practice. For



76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

example, the Beijing Municipal Government issueglltital BEE Special Planningddevelopment
Planning of Civil Building Energy Efficiency in Biag during the 18 Five-year Period Despite

the availability of a series of Special Plannindiggodocuments, an ex-post assessment of the
completed BEE Special Planning has not been caou¢do date. A systematic methodology has
not been established to execute the ex-post assessiere, the ex-post assessment refers to an
evaluation that systematically and objectively gpa$ and assesses the purpose, execution
process, benefit, effect and influence of a potlogument after the enforcement period ends. It
remains unclear whether the Special Planning hagged a useful and operational guidance on
the practical implementation of BEE.

The research, reported in this paper, aims to dpv@&lrobust and systematic methodology for
the ex-post assessment of BEE Special Planninghén dontext of China and apply the
methodology to perform an ex-post assessment déliagi Energy Efficiency Special Planning in
Beijing during the “1¥ Five-Year Plan” Period. This research was parthef research project
commissioned by the Beijing Municipal CommissionHifusing and Urban-Rural Development
in 2015. A diagram of the research design is shmwifig. 1. The methodology presented in this
paper provides a practical template to evaluateeffectiveness of BEE Special Planning, and
other BEE policies, which can be used elsewhersbyrporating different contextual elements.
By applying the methodology to the evaluation ofEBEpecial Planning in Beijing during the
“12™ Five-Year Plan” Period, the challenges BEE workirfg and shortcomings of policy
instruments can be identified, which provide impattreference for policy makers to adjust the

policy directions and further facilitate informeddaeffective policy making.

This paper is divided into six sections. Foliogvthis introduction, Section 2 presents the
literature review, which summarizes and evaluabesliterature in relation to the assessment of
BEE policies. Section 3 describes the methodolagp@sed to conduct an ex-post assessment of
BEE Special Planning. Section 4 reports on howptteposed methodology being applied to the

ex-post assessment of BEE Special Planning ingijuring the “1? Five-Year Plan (FYP)”
4
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period. Section 5 discusses the results of thesassnt and identifies barriers hindering the
implementation of BEE Special Planning. Sectionofiotudes the research and proposes the

policy recommendations.

2 Literature Review

2.1 Overall evaluation of BEE policies

Studies have been conducted to systematicallywetrie BEE policies in China. For example,
Zhou et al. (2010) reviewed the development of BBEcies in China, including building energy
standards in different stages, building energy eoraion regulation ordinance bill and building
energy efficiency labeling. They proposed five imtpat policy directions to strengthen the BEE
program: (1) enhancing existing building standa(@sjmplementing the standards effectively; (3)
controlling the use of energy-inefficient buildintaterials; (4) enforcing energy efficiency retrpfit
and (5) stimulating the practice of BEE policies.abhd Shui (2015) performed a comprehensive
analysis of BEE policies with regard to improvenseintenergy performance, living standards and
climate change. Shen et al. (2016) investigated B&Ey instruments classified them into three
types, including mandatory administrative instruinéime economic incentive instrument, and the
voluntary scheme instrumen&uo et al. (2016) summarized and analyzed the fraorie of
measures implemented by the Chinese governmemntftwce mandatory BEE codes, and they
found that the energy savings of new buildings ipereased floor area per year increased from
20.4 kWh/nf in 2007 to 28.4 kWh/fin 2012. By conducting a comparative study of @hémd
Japan, Huang et al.’s (2016) policy analysis suggethat Building Energy Saving Policies have
promoted building energy saving. They also idesdifithe obstacles to the effective policy
implementation, such as high transaction costdastdof applicable methodology.

A number of researchers further analyzed the imetgation effects of various policies on
BEE program from a project’s perspective via caseliss. Liu and Guo (2013) analyzed the
energy conservation and emission reduction effeciugh an actual energy efficiency retrofit case

in North China. Kong et al. (2012) analyzed sixcdils incentive policies and four specific

5
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programs for BEE work during the “I1Five-Year Plan” period (2006-2010), identified the
drawbacks of the present BEE mechanism and recochnf@ur proposals to enhance the
development of BEE. Xing et al. (2015) revealed tih@ actual energy consumption can reach
77.3% after an energy efficiency building retrdif#ised on a case study of a hotel building located
in Tianjin, China. Liu et al. (2018) studied a demitial EER building project and showed that the
actual energy savings did not reach the theoréticalculated value. By conducting an economic
cost-benefit analysis based on the calculationostscand benefits over life cycle, the research
found that in China, the retrofit of existing builds generally lacks of attractiveness to investors
from an economic perspective.

From a wider industry perspective, scholars hawdeawored to assess the effectiveness of
national and local BEE policies during thé"IBYP and 12 FYP period. For example, Price et al.
(2011) conducted an assessment of selected pohci@sprograms that China had instituted to
accomplish the national goals, and they revealat@hnina had greatly enhanced its enforcement
of new building energy standards, but energy-edfficy programs for buildings’ retrofits were not
well achieved. They further suggested that it ipontant to maintain and strengthen the existing
energy-saving policies and programs which havetipeseffects, whilst introducing new policies
to remove the barriers to the successful implentientaof BEE. Lin and Liu (2015) found that
occupants’ lifestyles, residents’ living standardsg energy price have significant influences on
BEC and the building sector is likely to contribusg@proximately 20% to China’s energy
conservation through electricity pricing reformthyge end of 2020.

2.2 Evaluation of energy saving effects of BEE paies

Extant literature has presented research undertakexamine the actual energy savings and
carbon emission reductions, which evidently refidna implementation effects of BEE policies.
Ma et al. (2017) introduced the concept of comparahilding energy consumption per unit area
and utilized an IPAT-LMDI model approach to caldaleChina’s building energy savings at

national level. The research found that the catedlabuilding energy savings exceeded the
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officially planned amount. Researchers have alsoptd innovative methods to conduct an
analysis of energy savings in different types gfl duildings, such as residential buildings (Yan e
al., 2017) and commercial buildings (Ma et al., @05nd the research findings showed that the
implementation of BEE works in China significantdgntribute to energy savings in both type of
buildings. In addition to the energy savings efietihe measurement of carbon emission reduction
has been researched. For example, Ma and Cai (2bt8)ed that in the commercial building

sector, the carbon mitigation values in 26005, 2006- 2010, and 2011 2015 were 123.96,

252.83, and 249.07 Mt GOrespectively, which demonstrate that China’s B#¥k has achieved
considerable progress in reducing carbon emission.

Since energy consumption in the residential sastarprimary part of energy consumption at
the country scale, it offers great opportunities émergy conservation. It is thus important to
investigate the determinants of energy use in éiseential sector. Filippini and Pachauri (2004)
examined the influence of factors such as incomeeg, household size and other household
specific characteristics on electricity consumptiimrthe household sector of urban areas in India.
They found that electricity demand is income anidgpmelastic whilst household, demographic
and geographical variables are significant deteamts of household electricity consumption.
Brounen et al. (2012) focused on the relationsheépvben economic behavior and household
energy consumption. The research revealed thatrébmglential gas consumption is mainly
dependent on structural dwelling characteristicsl dine electricity consumption is largely
determined by income and family composition. Lon¢2015) further tested the influence of
changes in household socio-economic characteristicshanges in energy expenditures and the
results showed that dwelling characteristics, e@gfigdiouse size have the most significant impact
on the energy consumption. Based on a case studialyy) Besagni and Borgarello (2018)
concluded that building, social-demographic andliappes variables are important determinants
of residential energy expenditure.

Existing literature also shed lights on the reboeffdcts to assess the reduction in expected
7
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benefits resulting from increase in energy efficienSorrell (2007) asserted that the energy
savings achieved from improved energy efficienoy generally not realized in practice due to
behavioral responses such as greater use of epengges. Such behavioral responses are referred
to as the rebound effect. By analyzing the natoperation and importance of rebound effects, the
research called for an explicit treatment of relwbaffects when assessing the potential impact of
energy efficiency policies. Wolff and Schubert (2DIstrengthened the point that the energy
savings achieved from thermal retrofit are far I expectation because of the rebound effects.
Freire-Gonzalez (2010) proposed a methodology sesssthe magnitude of rebound effects in
household and found that the existence of rebodfette reduces the effectiveness of energy
efficiency policies. In addition to the studies curssioned to estimate the extent and magnitude
of “economy-wide” macroeconomic rebound effectsivita(2015), Broadman (2010) and Hong
et al. (2006) argued that energy poor householdsvslkarger rebound effects after energy
efficiency retrofits. There is a tendency towardhar rebound effects in lower socio-economic
groups (Chitnis et al., 2014).
2.3 Methodologies for assessing implementation efts of BEE's Special Planning

A number of studies were performed to explore thethmdology for assessing the
implementation effects of BEE policies. Xin et g014) established an evaluation method with
the application of the multi-level expert evaluatimethod, and the evaluation indexes cover the
aspects of policy mechanisms, financing modes awtnical measures. McNeil et al. (2016)
developed a bottom-up modeling framework to quarhig effects of energy efficiency programs
in China’s building sector on potential energy sggi and emission reduction. They found that the
implementation of building codes provides the latggavings opportunity, leading to an overall
17% reduction in overall space heating and cootieghand. Zhao et al. (2009) established a
three-grade evaluation system for heat metering BBR of existing residential buildings in
northern heating areas of China. Yang et al. (2@k0posed a method to identify and weight

indicators for assessing the energy efficiencyesfdential buildings in China, and set out a list o

8
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indicators of energy efficiency assessment in eggidl buildings in the hot summer and cold
winter zone. Although previous studies have madesicerable progress to evaluate the BEE
policies and recommend on policy directions, priesearch did not offer an appropriate

methodology to conduct an ex-post assessment of Bieleial Planning.

3 Description of the Methodology for an Ex-post Assssment of BEE Special Planning
3.1 Ex-post assessment framework

This research aims to develop a robust and sysiemathodology for an ex-post assessment
of BEE Special Planning in the context of China.&xapost assessment framework is an essential
pre-requisite for the development of the methodplddpe framework of an ex-post assessment of
BEE Special Planning is presented in Fig.2, whiatiudes target, criteria and index layers. The
target layer (A) relates to the main purpose ofekgost assessment framework. The criteria layer
(B) represents the dimensions based on which thesamsent is carried out. The index layer (C)
refers to the indexes pertaining to the identifididnensions. The framework allows a
comprehensive ex-post assessment of the implenmntaffects of BEE Special Planning in
Beijing during the past {2FYP period. It also enables the researchers tatifgenain barriers
hindering the implementation of BEE Special Plagnimnd offer meaningful policy

recommendations.

This research started with a comprehensive reviegxisting literature on the evaluation of
BEE policies to provide a preliminary list of dinmons and associated indexes. We then held two
round-table discussions with in-house experts figsijing Real Estate Science and Technology
Research Institute and Research Center of Constnu8cience and Technology of Beijing
Municipal Commission of Housing and Rural Developmealong with external BEE experts to
propose a three-dimensional index system for th@aost assessment framework. In order to
validate the dimensions and indexes for the ex-pssessment, a questionnaire was designed to

solicit respondents’ views on the appropriatendsth® indexes selected. The questionnaire also
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elicits experts’ opinions on the weights of eacmeinsion in the criteria layer and each index in
the index layer. The main sections of the quesaoenare presented in Appendix 1. The
guestionnaire was sent to 32 experts from relefialids of BEE and 28 valid responses were
returned, representing a response rate of 87.5%.cdmposition of the respondents participating

in the survey was shown in Fig.3.

3.1.1 Dimensions identification

Based on two rounds of round-table discussions,résearch develops a three-dimensional
ex-post assessment framework, which includes tlezation degree of main planning targets, (B
which can quantitatively reflect the effects of BEEE Special Planning), the development level of
BEE (B, which qualitatively assesses the effects of BEiec&l Planning), the facilitating
mechanisms to promote BEE3(Bvhich indicates the extent to which the relevaethanisms are
in place to facilitate the implementation of the BEpecial Planning), as shown in Fig.4. The
dimensions can comprehensively evaluate the taskgleted and the effects of BEE Special

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

3.1.2 Establishment of the index system

Based on the questionnaire survey result and thmsesuent statistical analysisthe

composition of indexes under;BB,, Bs were adjusted. As for ;Bten indexes were reduced to
eight indexes, with “Green building” and “Housinglustrialization” being removed. The number
of indexes under Bvas kept as ten, but “Index of heat transfer coieffit of building envelope”
was adjusted to “Average energy-saving rate ofleegial building”, and “Areas and proportion of
green buildings” was adjusted to “Average rankifiggeeen buildings”. The number of indexes
under B was reduced from ten to nine, with “Implementatminheat metering and charging
system” being deleted. The index system under ®post assessment framework is shown in

Fig.5. The description of each index is presenteéinnex 1-3.

3.1.3 Determination of the weights for dimensionsral indexes

10



256 This research adopted the Expert Scoring Methodetermine the weight of criteria layer
257 and index layer. Based on the scores given byxperts in the questionnaires survey, the weight

258  of the criteria layer and index layer is obtain8ed Table 1).

259 3.2 Establishment of the ex-post assessment model

260 In this paper, the Fuzzy Synthetic Evaluation MdtHi&SEM) was applied to build the

261 ex-post assessment model of BEE Special Planning. HSEM is a widely used and effective
262  multi-factor decision-making method based on fumzthematics (Zhao et al., 2016; Shi et al.,

263 2017; Wu et al., 2017). Detailed steps are desgrisefollows.

264  3.2.1 Determine the factor sets of evaluation objec
265 The determination of factor sets is the first dteparry out the fuzzy synthetic evaluation. It
266 is assumed that there amendicators included in the evaluation object. THendicator can be

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

268 U ={u,,u,,lllu [Lu.} (1)
269 As shown in Fig. 5, the factor sets of the ex-pasessment can be listed as follows:

270 Factor sets of A< By, By, B3} (2)
271 Factor sets of B= {Cyy, Ci2, Cia Cia Cis, Ci, Cizy Cig) (3)
272 Factor sets of to B= {Cyo, Co1, Coz, Cos, Coa, Cos, Cog, Co7, Cog, Coo ) (4)
273 Factor sets of B= {Csy, Csp Csa, Cas, Cas, Cas, Caz, Cas, Cao) (5)

274  3.2.2 Determine the weight sets of impact factors
275 The weight quantitatively reflects the relative wnfance of every index in the ex-post

276 assessment. The weight sets of impact factors eaxressed as follows:

277 W — (W W Wi Wiy ] ©)

278 In Eqg. (6),

vvizo,znlwzl 11
i-1
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(7)

According to Table 1, the weight sets of impactdexin criteria layer and index layer can be

presented as follows:

w, ={0.44 ,0.28 ,0.28}
W,, ={028,014,010,009,004,016,016,003
W, ={  019012011010009007009008005010}
wW,, ={0.15,015,012,012,012,0.10,009 ,005 ,0.10}

3.2.3 Determine the grade sets of evaluation object

The grade sets of evaluation object can be usdddoribe the evaluation results. Each grade
can correspond to a fuzzy subset of an evaluatijecb Here, assuntbat there aren grades
included in the evaluation grade sets. TAgrade can be expressedwasThus, the evaluation

grade sets can be expressed as follows:
V ={v,,v,, 0y, 0y, } (8)

After experts’ discussion, evaluation grades almmplementation effects’ ex-post assessment
are divided into five grades: excellent, good, miatle qualified and unqualified. So, the grade

sets of evaluation object can be expressed asv®illo
V = {excellent, good, moderate, qualified, unquatifie (9)

3.2.4 Establish the fuzzy relation matrix

The Single Factor Evaluation method was adoptesktablish the fuzzy relationship subset,
and the Expert Scoring Method was applied to gesatsh evaluation index. According to Fig.5,
the assessment indexes can be divided into quargitand qualitative indexes. For the grade
evaluation of quantitative index, the evaluatioadg from different experts should belong to the

same grade according to the evaluation standaghdci index. That is, if the indexoelongs to
12
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323

evaluation gradg (j=1, 2, ..., m) , its corresponding membership degree to this grpelguals
to 1(jj-1), and the membership degree to other gvgde?j, p =1, 2, ..., m)is 0(j,-0). Meanwhile,
for the grade evaluation of qualitative index, thezy subsetr, = (ril,riz,[[[, rim)can be

established according to the results of differeqpiegts scoring. Finally, the fuzzy relation matRx
can be established through combininguzzy relation subsets of quantitative and quiiéa

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

'R |u, | o r, oog o,
R = RJu, | _ | Ta Mo ooo r, ., (10)
OO0ooo OO0 000 0od o bod
R Ju, | LY [ 0od - ro, |

In Eq. (10), the elemenmf of thei™ row andj™ column represents the membership degree of

the factor; for the evaluation grade
3.2.5 Establish the mathematical model

Applying the FSEM method, the mathematical model exfpost assessment can be

established as follows:

r.11 r.12 (I r.lm

r r I r
B:WXR:(Wl,WZ,[ﬂ]]]Wn) Dz]:luj Dzﬁ]] o [Zl]?]]

rnl rn2 l:m]] rnm a

= (b,, b, b, ) (1)

In Eq. (11),B represents the membership degree judgment matfisepresents the factor
weight coefficient vector, an represents the fuzzy relation matrix. After obitagnthe synthetic
evaluation judgment matri, the evaluation result can be determined accortirige principle of
maximum membership degrekhe evaluation grade can thus be determined tedhesponding

grade of maximurh, (bK = max{ bj})

13
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4 Ex-post Assessment of the BEE Special Planning Beijing during the 12" FYP Period

Following the methodology in Section 3, an ex-pEgessment was conducted for the BEE

Special Planning in Beijing during the past"¥2YP period.
4.1 Main contents of BEE Special Planning and thectual implementation effects

According to the BEE Special Planning in Beijingridg the 13' FYP period, the main
contents include: (1) The status of BEC and theymess made of BEE during the past BYP
period; (2) The building energy demand and eneayjrg potential during the Y2YP period; (3)
The guiding ideology, working principles and stgateobjectives of BEE during the 2FYP
period; (4) Eight key programs of BEE during thd BXP period; (5) Seven safeguards to ensure
the achievement of the goals. The relationshiphef ftive parts is provided in Fig.6. The main
goals of the BEE Special Planning are to achieeetotal energy-saving goal of 6.2 million tce

and the energy-saving goal for each key prograshasvn in Table 2.

During the past 12 FYP period, each key program and energy-savingsutea had been
executed as scheduled with considerable achievemsorpared with the accomplishments
gained during the fiFYP period. Although the energy-saving goal in owercial buildings was
not realized, the actual energy savings achievedthgr major energy-saving programs had
exceeded the expected goals. The actual total gsexgng amounts reached 6.34 million tce by

the end of 2015 (See Table 2), which exceededl#mnimg goal of 6.2 million tce.
4.2 The ex—post assessment of the implementatiofeets of BEE Special Planning

Based on BEE Special Planning and its implementatioBeijing during the past f2FYP
period, an ex-post assessment on its implementatil@ects can be conducted by applying the

ex-post assessment model as described in SecHon 3.
4.2.1 Establish the grades evaluation criteria abduhe index layer

According to the indexes’ properties, 8 indexeg{Cig) which reflect the realization degree

14
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of main planning targets and 4 indexeso{C;3) belonging to the development level of BEE can
be regarded as quantitative indicators. The rem@ithb indexes (&~Cyg, C31~Cso) are treated as
gualitative indicators. As for the quantitative icators, the evaluation grade and the membership
degree were determined through comparing the aparfdrmance with their expected targets. For
gualitative indicators, the evaluation grade arertftembership degree were obtained by using the
Expert Evaluation Method. The grades evaluatioteca of the index layer are shown in Table 3.
If the actual performance of a quantitative indicagxceeds its expected target, its grade can be

evaluated as excellent.

4.2.2 Establish the fuzzy evaluation subset of silegfactor

Applying the grades evaluation criteria for two égpof indicators in Table 3, a single factor
fuzzy comprehensive evaluation of 27 indexes isdooted, and the evaluation subsets are

summarized in Table 4.

4.2.3 Establish the fuzzy relation matrix

The fuzzy relation matriXxRs; can be developed through combining the fuzzy evalna
subsets of implementation effects for the index®s~C,s). The fuzzy relation matriRs; for the

indexes (Go~Cyg) andRgs3 for the indexes (§~Csg) can also be obtained.
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10000
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01000
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4.2.4 The results of ex-post assessment on implerteion effects

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

planning targets (B can be calculated as follows:

B, =Wg; X Ry

=(028 014 01 009 004 016 016 003)

O r OO O O o
R O O O O O O O
O O O O O o o o
o O r O O O O O

O oo r P P Ok

=( 05103000300.16)

Similarly, the results of ex-post assessment ordéwelopment level (B and facilitating

mechanisms to promote BEEz)Ran be calculated as follows:
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B, =W,, x Ry, = (0.53760.2494,0093,0012)
B, =W,, x Ry, = (0.1889,0.5129,0.1942,0.0895,0.0255)
Finally, according to the calculation results Bf, B, and B, the results of the ex-post
assessment of the implementation effects of BEEi&pRlanning in Beijing during the f2FYP

period (A) can be calculated by applying the EQ4) @s follows:

BA:V\/AXRA
051 030 003 0 0.16
= (044 028 028) 05376 0.2494 0093 0 0.12
0.1889 0.5129 0.1942 0.0895 0.0255

= (0428 ,0345 ,0093 ,0025 ,0111)

According to the result vectd,, it can be seen that the membership degree ot yfad
0.428, which is the maximum value Bf. Applying the principle of maximum membership dssyr
the grade of ex-post assessmenViswhich indicates that the implementation effectsB&E

Special Planning in Beijing during the™ . EZYP period are excellent.
4.3 Comprehensive score evaluation of implementaticeffects
4.3.1. Establish the evaluation formula of comprehesive score

Assigning different scores to five evaluation gmdeTable 3, which aré=[100, 90, 80,
60, 0]". Thus, the comprehensive score evaluation fornofilamplementation effects can be

deduced as follows:
S=BxT (12)
4.3.2. Calculate the comprehensive score of implentation effects

Applying the Eq. (12), the comprehensive scorengflementation effects for the target layer

(A) can be calculated as follows:
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The comprehensive score of the target layer idd8ating between moderate grade and good

grade, which indicates that the BEE Special Plapstill has room for further improvement.

Likewise, the comprehensive scores of the critiexyar (B)can be calculated respectively as
follows:
S, =B xT =80
Ss, =B, xT =84
S,; =B, xT =86
The comprehensive scores of the criteria layer 8e 84 and 86 respectively, locating

between moderate grade and good grade. This ssgtest the criteria layer has room for

improvement during the Y3YP period in Beijing.

Combining the Eg. (12) and Table 4, the comprelvenscores of 27 indexes for the index
layer can be calculated, which are listed in T&bl&nd the radar plot of scores’ distribution of 27

indexes is shown in Fig.7.

5 Discussions

5.1 Performance analysis of the 27 indexes
5.1.1 Achievements of the BEE Special Planning

As shown in Table 5, apart from thgsCC1, Csg and Gg with relatively low scores, other
indexes generally receive a score higher thant86.rnotable that G, Ci3, Ci4, Ci5 Coo, Coz and

C.4 score 100, indicating that the BEE Special PlagiimBeijing during the 12 FYP period is
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generally effective in terms of realizing the mamlanning targets, reaching the desired

development level of BEE and ensuring the faciliitmechanisms to be in place.
(1) Substantial increase of the proportion of epeffjcient buildings

During the 18'FYP period, the areas of newly constructed urbaieatial buildings with a
level of energy-saving ratio of 65% are 94.24 miilinf. The accumulated areas of urban energy
efficient residential buildings have reached 451n@ion m? which accounts for 92.2% of the
total areas of urban residential buildings. The Igas@nstructed urban commercial buildings with
a level of energy-savings ratio of 50% are 74.3%ioni m>. The accumulated areas of energy
efficient commercial buildings have reached 148diflion m? which represents 46.8% of the
total areas of urban commercial buildings. By the ef 2015, the total areas of urban energy
efficient civil buildings are 599.37 million accounting for the 74.4% of the total areas bauor
civil buildings (805.70 million rf). The proportion of energy efficient buildings Hasreased by

17.3% from 57.1% in 2010.
(2) Considerable effects of energy saving and gadmission reduction

Based on the relevant documents (BMCHURD, 2006; BM&D, 2011; BMCHURD,
2016), this paper provides a comparative analylsikeoimplementation effects of the latest three
BEE Special Planning in Beijing (See Table 6). €&ablshows that heating energy consumption
per unit building area has continually decreaseatitha total amounts of energy savings rose on a
gradual basis. Obviously, considerable effects ridrgy saving and carbon emission reduction

have been achieved by latest three BEE Speciahiign

It is notable that despite the considerable ensayngs per unit building area, the total
energy consumption of civil buildings in Beijingagvs at a rapid rate as a result of significantly
increased building areas. The total energy consom@mounts in 2004, 2009 and 2014 were
14.44 million tce, 19.456 million tce and 31.14 It tce respectively, accounting for 28.1%,

29.6% and 45.6% of the total energy consumption (BMRD, 2006; BMCHURD, 2011,
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BMCHURD, 2016). The rapid growth in demand for gyehas imposed considerable pressure on
energy supply. Meanwhile, in order to reduce carkanissions, the Beijing Municipal
Government largely encourages the use of clearggrigas, thermal energy, new and renewable
energy) to replace coal consumption. For examgleshawn in the Table 6, the natural gas heating
area in Beijing has increased from 35.6% in 20054®% in 2015, whilst the coal heating area
decreasing from 42.1% to 18.7%. Since 2016, th@rigeMunicipal Government mandated the
use of natural gas for district heating, which Hertexacerbates the problem of deficiency in gas
supply. With respect to the gap between the endeggand and supply, it is essential that the
government invest more in infrastructures to inseeghe gas supply, and in the meantime,

continually commit to energy efficiency upgrades.
(3) Beijing’s BEE development level close to tliwanced level of developed countries

During the 18 FYP period, Beijing took the lead in China to implent the new “Design
Standard for Energy Efficiency of Residential Binlgs (DB 11/891-2012)" with an energy saving
ratio of 75%, where heating energy consumptionxnide new residential buildings has dropped
from 8.82kgce/rh to 6.3kgce/i Since Germany's climate conditions and energycsire is
relatively similar to that of Beijing, this papergsents a comparison of heat transfer coefficient
(also referred to asU-value) of building envelope between Beijing and Germéage Table 7).
From Table 7, it can be seen that Beijing’s BEEaligwment level is close to the advanced level of

developed countries under the same climate zoge (&ermany).
5.1.2 “Short bucket” of the BEE Special Planning irplementation

As shown in Table 5, the comprehensive scorgS;9and C,1are 0, and the comprehensive
scores 0fCsg and Cggare below 70, which indicate that these four inidicsl objectives had not
been realized during the Y EYP period. These are the “short buckets” in thplementation of

the BEE Special Planning in Beijing during thé" /P Period.

According to the relevant documents (BMCHURD, 20BMCHURD, 2016), the mean
20
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electricity consumption per unit area of commerbialding should have been reduced by 12% by
the end of 19 FYP Period. However, by the end of 2014, the indakie of mean electricity
consumption reached 103.8kWH/nwhich had increased by about 22.55% comparech¢o t
baseline value (84.7kWhAnin 2009. Thus, the expected target ef ®as not realized and further
the total energy saving goal ofgvas also not realized. Fig. 8 shows the variatiend of mean
electricity consumption index of large-scale (mtran 20000 rf), medium-sized (between 3000
m? and 20000 i) and small-sized (less than 3008) mommercial buildings during the 1FYP
period in Beijing.

As shown in Fig. 8, if the electricity consumptiomex of commercial buildings in 2009 is
taken as the baseline, by the end df EXP period, the electricity consumption per umiaain
large-scale office building, hotel and restauraftopping mall had been reduced by 23.94%,
23.15% and 37.83%, respectively. Electricity congtiom per unit area in small and
medium-sized office building, hotel and restauratippping mall had increased by 25.82%,
28.85% and 110.69%, respectively. The mean el@gtgonsumption per unit area of small-sized
commercial building was 93.16kWh#y the end of 12 FYP period, which had increased by
9.99% on the basis of 84.7kWHirin 2009. It is clear that despite the decreaselettricity
consumption in large-scale commercial building, tbeerall electricity consumption of
commercial building increased as a result of tgaicant rise of electricity consumption in small

and medium-sized commercial building.

The gap between the actual electricity savingstaedexpected value specified in the BEE
Special Planning may be explained by the reboufettsf as highlighted in existing literature
(Frank, 2001; Sorrell and Dimitropoulos, 2008).hias been widely recognized that energy
improvements do not generally lead to the estimatadunt of reductions in energy consumption
(Saunders, 2013). One explanation is that improwesne energy efficiency encourage greater

use of energy because the increase in efficiendyces the price of energy which makes
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additional energy services affordable (Sorrell @mwhitropoulos, 2008). This research reinforced
that such behavioral responses, known as rebouedtgef compromise the quantity of energy
saving that are expected to be achieved througtgeredficiency upgrades (Galvin, 2014). The
increase in electricity consumption in small anddlimam-sized commercial buildings resonate with
previous findings that energy poor households starger rebound effects (Wolff et al., 2017,
Boardman, 2010). This may be due to the reasontligatncrease in energy efficiency lead to
higher energy service demand, which was largely etnprior to the energy efficiency
improvement (Chakravarty et al., 2013). The usdrssmall and medium-sized commercial
buildings may take advantage of the energy effmyaimpgrade to pursue other energy services (e.g.
new ventilation systems, better air-conditioninguipment) to fulfill the unmet demand and
improve their comfort of living. We agree with Bdaman (2010) and Galvin (2015) that high
rebound effects among groups initially consumingpdbportionately small quantities of energy
services do not necessarily compromise the overadrgy and climate goals. It is important to

take social justice into account when designingcgohstruments tackling with rebound effects.
5.2 Evaluation grade standards of the indexes

Assume that the evaluation grade standards fortfjaiwve indicators are improved and those
for qualitative indicators remain unchanged in €kl Thus, a new evaluation scheme, named
Scheme I, is formed, and the initial scheme inl@&ois named Scheme I. The grade standards’

comparison of the two schemes is listed in Table 8.

According to the evaluation grade standards of ®ehd and adopting the same calculation
process similar to Scheme I, the result of the @t-pssessment of implementation effects about

BEE Special Planning in Beijing during the™2YP period can be calculated as follows.

B, =W, xR, = (0316 ,0213,0164 0053 ,0256)

Based on the result vect®,, the grade of post-assessment is alsowhich represents

excellent. The comparison of the evaluation resqadised on Scheme | and Scheme Il are shown in
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Fig. 9.

According to the principle of maximum membershigm@e, although the evaluation grades
of two schemes are boWy in Fig.9, the proportion belonging to excellendagood grades in
Scheme | is higher than that of Scheme IlI, whike phoportion belonging to moderate, qualified
and unqualified grades in Scheme | is lower that & Scheme Il. The reason for this result is
that the evaluation grade standards for quantdatidicators in Scheme Il are relatively stricter
than those of Scheme | in Table 8. Therefore, it loa deduced that as the indexes’ evaluation
standards are improved, the proportion belongingxicellent and good grades will decline and
that belonging to qualified and unqualified graael rise. The ex-post assessment result may
change if the indexes’ evaluation standards argedato a certain level. Therefore, the indexes’
evaluation standards are an important factor affgd¢he ex-post assessment result when applying

the FSEM.
5.3 Main barriers hindering the implementation of BEE Special Planning

Through conducting an ex-post assessment of implatien effects of BEE Special
Planning in Beijing, the following main barriersrihg the past five-year process were identified,

which are discussed under following sub-headings.
5.3.1 High electricity consumption of large-scaleammercial buildings

As shown in Fig. 8, mean electricity consumptiotieir in commercial building, especially in
shopping mall is too high during the"™LEYP period in Beijing. This may be because thejda
glass curtain walls acting as building envelopesvary popular in commercial buildings. Due to
lack of technical measures of shading and heatlatisn, the internal space of commercial
buildings can gain too much heat by glass curtaatisivAlso, the internal space is difficult to
interchange fresh air and the buildings cannotcéffely use outdoor low temperature air, which

causes too much heat gathering inside the buildifgsthermore lack of energy efficient

management during the operation process of largle-sommercial buildings may also the reason
23
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for high electricity consumption.
5.3.2 Insufficient data information

The reason causing the low score of the in@exis that the database of BEC lacks of
adequacy. Such problem is mainly reflected on #utsfthat the principles for data collection of
BEC were inconsistent, the types of data neede@ wet confirmed and data collection sources
are not clear. These factors lead to the inadeqoa@gtual BEC data and further influence the

guality of subsequent statistical analysis.
5.3.3 Slow uptake of modern information technology

During the past 12 FYP period, several information platformsuch as on-line monitoring

platform of electricity consumption of large-scalemmercial buildings and on-line monitoring
system of heating energy consumption, were suaadgsestablished by the Beijing Municipal
government. Some local governments of Beijing Miality have built their energy consumption
monitoring platforms. However, these were not fulyegrated with relevant data effectively.
The monitoring coverage was not wide enough andythes of BEC being monitored were not
comprehensive. Moreover, there were no consistmdards and technology supports for the

monitoring platform.
5.3.4 Lack of market participation

Currently, the BEE program is predominately drivieyy administrative forces from the
government. The market has not played an impontalet in promoting BEE. Limited market
participation may be due to a lack of attractivenesthe BEE activities to investors. This is in
line with prior findings that actual energy savirigsthermal retrofit is far less than theoretical
calculations, which greatly compromise the econowmability of thermal retrofit of buildings
(Galvin and Sunikka-Blank, 2013; Michelsen and MitMichelsen, 2010). It is even more

difficult to attract market investment for low-ino@ tenants due to the uncertainty in demand and

24



568

569

570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

585

586

587

588

589

590

591

592

investment returns (GrolBmann et al. 2014). Withefikctive market participation, it is very

difficult to promote further development of BEE.
5.3.5 Lack of wider social recognition of BEE

Although Beijing has made considerable achievemanmts plays a leading role in the
implementation of BEE in China, the promotion of BEnainly relies with the government’s
administrative power, lacking of the participatiohwider community. Meanwhile, due to lack of
effective publicity and popularization of BEE)e public perception about BEE remains at a
preliminary stage, with some individuals even cggtiloubt on the value of BEE. In absence of
wider social recognition of BEE, the large-scalerpotion of BEE during the BFYP period will

be hindered.
6 Conclusions and Policy Recommendations

The BEE Special Planning is characterized by nalijective, multi-dimensional and large-
long time span. It is a great challenge to condurciex-post assessment of the completed BEE
Special Planning. This paper was the first attetoxamine the implementation effects of BEE
Special Planning, which is a special policy insteminset out in China. In this paper, a synthetic
ex-post assessment methodology was developed.elrdélelopment of the methodology, an
ex-post assessment framework including target |ayieria layer and index layer with 27 indexes
describing implementation effects was first ideatf The weight of criteria layer and index layer
were then determined by applying Expert Scoring iddt Based on the FSEM, the ex-post

assessment model of BEE Special Planning was estad|

By applying the methodology to conduct the ex-pastessment of the implementation
effects of BEE Special Planning in Beijing durir’lgatlf1 FYP Period, we found that generally
speaking, the overall implementation effect of fodicy document is excellent. When examining
individual index, we found that the index@gandC,; are the “short bucket” of BEE which needs

more resource investment during thd" /P period in Beijing, and the index€sg andCsg also
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need more attention in the future. We further idexat the main barriers that will hinder the
further development of BEE in Beijing such as higlectricity consumption of large-scale
commercial buildings, insufficient data informatjorslow uptake of modern information
technology, lacking of market participation and &ridocial recognition of BEE. It is also notable
that the indicators’ evaluation standards are ingmbrfactors affecting the ex-post assessment

result when applying the FSEM method.

The ex-post assessment methodology offers a uaaflilsystematic framework to evaluate
the implementation effects of BEE Special Planniagg other BEE policies. By applying the
methodology to the ex-post assessment of BEE SpBtaaning in Beijing during the “i?
Five-Year Plan” Period, the implementation effeotsthe policy document are evaluated. The
challenges that the BEE work face and shortcomufgpolicy instruments can be identified,
which provide important reference for policy make&vsadjust the policy directions and further

facilitate informed and effective policy making.

It is hoped that the methodology presented inphiser can provide a generic framework for
conducting an ex-post assessment of BEE policiesveder, adjustments may be required when
evaluating future policy documents due to the eswlgnt of contextual factors. For example,
when evaluating the implementation effects of thEEBSpecial Planning during the 43
Five-Year Plan” period, the indexes identifiedhistresearch and the weights given to the indexes
may be modified to accommodate the evolving scdpkeeoBEE work. It is therefore essential that

the methodology to be applied elsewhere by takimgue contextual elements into account.

The policy recommendations for improved BEE SpePiainning in future are provided as

follows:

® Since an information management system of BEC mserd&l to conduct the energy
consumption testing and perform data collectioangmission and analysis, this research

suggests that energy management centers of laaie-sommercial buildings should be
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established and get connected to the Beijing Buyjdenergy Consumption Information
Platform so that the BEC's information managemgatesn during the period of £FYP can
be improved. Also, a statistical analysis systerBBEC for individual building and groups of
buildings needs to be established, and the indstesy should be refined according to the
features of different types of buildings. Relevatgpartments in the Beijing Municipal
government should establish and continuously uptteteBEC database of different types of
buildings to provide detailed data about BEC ofhe&ygpe of buildings and analyze the
energy-saving potential and the benefits arisimgnfthe EER through energy consumption

simulation.

This research suggests that an over-pricing mesimarshould be designed when energy
consumption of the building exceeds the energywopsion threshold. Currently, residents in

Beijing pay for annual heat fee based on theirtapamt floor areas, rather than on actual heat
consumption amounts. The heat metering has not insézlled in most residential areas of

energy efficiency buildings. A charging approaclsdghon energy consumption has not been
applied. As such, residents lack the motivationemngage energy-saving behaviors. This
results in a situation that “energy efficiency dinlg does not save energy”. This research thus
suggests that heat metering and charging systeaidshe implemented as soon as possible in

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

Considering the increasing demand for technology mwanagement professionals for BEE,
this research recommends that BEE specialty magebep in relevant universities in order to
cultivate the professionals. In the meantime, viooal training institutions are encouraged to
actively carry out specialized technical trainingr fBEE practitioners to improve their
professional skills. Strengthening the research dedelopment of key technologies and
technology integration innovation are important the professional cultivation and the

improvement of core competence in the field of BEE.
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In order to raise the public awareness of BEE, risgarch recommends a “Publicity Week of
BEE” to facilitate basic knowledge sharing. Variolasms of publicity activities, such as
public service advertising, experts preaching, comigation and discussion through the
Internet and social media are recommended to bedavut. Good demonstration of a pilot
project of BEE technology application is necesgarghowcase how the BEE can actually be
implemented and associated benefits. Also, a lawesa lifestyle needs to be actively

advocated to the whole community.

During the 18 FYP period, it is recommended that the contracstisuld provide all BIM
data and information when handing new buildings ¢@¢he owner. Also, it is useful to adopt
the 10T (Internet of Things) technology to build energy monitoring information platform
for buildings, and embed the BIM data of each bogdo the platform. By integrating the
BIM data and the information provided by the platfio buildings’ spatial information and
dynamic energy consumption monitoring data can bk matched. With the application of
big data analysis, the actual level of energy comgion can be monitored, analyzed and
diagnosed, based on which buildings’ energy useegres and parameters can be adjusted

and optimized so that the overall level of enerifigiency management will be improved.
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A list of abbreviations

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 Cy;- Cigindexes

Number

Index

Index explanation

Cu

Fully implementation of 75% energy-saving desigandiards
in newly constructing residential buildings;

Completing the revision ofcommercial Building Energy

Efficiency Design Sandards;

The proportion of new green building area reach@® bf

total new building area, a total of 35 million sgeianeters of
green building are newly built;

The proportion of industrialized construction resitial

buildings reaches more than 30% of total constoacérea of
that year.

Ci2

Demolishing urban and rural energy inefficient dinps, and
rebuilding as energy efficient buildings.

Ci3

The EER areas of envelope structure on energyicreft
residential buildings and commercial buildings fea60
million square meters.

Cia

Applying shallow geothermal or sewage source heahp
heating and cooling in civil building;

Solar photovoltaic integrated building;

Application of solar water heating system in chuiiilding;
Application of solar-thermal system on civil buildi heating.

Cis

Newly constructing peasants’ energy efficient bind;
Carrying out EER in existing rural residential lolinigs;
Adjustment of rural area energy consumption stmactu

Cie

YV V V|IVVVY|IVVVYVY 'V

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

Implementation of energy consumption quota and dadd
electricity price;

Establishing the BEE management systems involtegized
metering measurement of energy consumption, dynamic
monitoring, energy consumption statistics, energydits,
energy efficiency public announcement etc. in lesgale
commercial building.

Ci7

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

Cis

YV V|V V V

Implementing heat metering and charging system,;

Mobilize the energy-saving enthusiasm of buildirgeruand
operation management staff through economic ineenti
policies, administrative measures and educatiotigiyb




Annex 2 The explanation of Cy- Cyg indexes

Number  Index Index explanation
> ZThe heatingareaproportionof differenttypesof energyx Correspondng heatingenergy consumptian per unit area
1 Cx  Different types of energy heating refer to gas heating (include wall hung gas boiler), coal-fired central heating and urban central
heating.
2 c > Thetotal el ectricity consumptian of urban publicbuilding
2 Thetotal areaof urban publicbuilding
> Z Energy - saving ratio of different types of residential buildings x Corresponding residential area
Total residential area
3 C2  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.
» Energy conversion efficiency of the boiler;
4 3 5 Hea ng pipe network efficiency.
5 Con > Z Application area of dlffe-rent pr&s of renewable energy
Total Residential Area
> z Ranking of green building x Corresponding builindg area
6 C Total green building area
®  Ranki ng of green building refers to one-star, two-star and three-star green building.
» Heat transfer coefficient of exterior windows and doors;
7 C, ~» Heatefficiency index of heat source and pipe network;

» Heating energy consumption index of unit building arega;




Unit electricity consumption index of air conditioning in commercial building.

Co7

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

Cos

Y VY

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 I'T application in management;

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

10

Coo

YV V V|V

Advanced technol ogies 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.




Annex 3 The explanation of Cs;- Cag indexes

Number

Index

Index explanation

Ca1

Formulate specific implementation rules or management measures based on Beijing
Municipality’s Implementation Method about EnergpnServation Law of People's
Republic of China

Revise Building Energy Efficiency Management RegulatiohBeijing to further clarify
the principles of implementation, promoting policies, operating subject, supervision and

administration, legal responsibility.

Ca

Revise Design standard for energy efficiency of residdnbiaildings of Beijingand
Design standard for energy efficiency of commerbiaildings of Beijingin order to
make the energy-saving ratio of new residentia building reaches 75%;

Formulate Design Standard for Green Building of Beijiagd Assessment Standard for
Green building of Beijing

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

Formulate and revise relevant energy efficiency regulations and standards for

commercial building and heating systems.

Ca

Formulate and perfect related incentive policies to promote the development of green




building and housing industrialization;
Improve support policies and establish fund guarantee mechanism of BEE.

Ca

Y

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.

Css

A\

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.

Css

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.

Csx

vV V|V V V V|V V V

Strengthen the personnel training of technique and management of BEE;
Cultivate the technology and management team for BEE work in rura areas of Beijing.




Css

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 al levels

of schools and universities.

Cao

Establish the monitoring platform for building information and energy consumption
information of large-scale commercial building;

Readlize 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
technol ogy;

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

Criterialayer Weight (%) Index layer Relativeweight (%) Absolute weight (%)

Cu 28 12
Cio 14 6
Cis 10 4
Cus 9 4

B1 44
Cis 2
C 16 7
Ci7 16 7
Cs 3 1
Cx 19 5
Cx 12 3
Cx 11 5
Cx 10 3

B, 28 Cos 9 3
Cxs 7 2
Cos 9 3
Cx 8 2
Cos 5 1
Coxo 10 3
Ca 15 4
Cs, 15 4
Cs; 12 3
Ca 12 3

Bs 28 Css 12 3
Css 10 3
Csr 9 3
Css 5 1
Cxo 10 3




Table 2 The expected and actual energy-saving amaisrof each key program for BEE during the 1¥ FYP period

Expected Actual energy

No. BEE program Objective energy- saving —saving
amount/tce amount /tce
New buildings of 200 million square meters will be built with BEE design
1 New buildings standard, and design standard for new residential buildings will be further 171.97 230.08
improved to reach the energy-saving ratio of 75%.
Demolishing energy Demolishing energy inefficient buildings of 10 million square meters in urban
2 inefficient buildings areas and 40 million square meters in rura areas respectively, and rebuilding 89.46 87.20
and rebuilding them with the new BEE design standard.
3 EER of existing The areas of EER are 30 million square metersin existing residential buildings 60.6 63.20
buildings and public buildings respectively. ' '
Shallow layer geothermal and sewage-source heat pump are adopted for space 14 20.2
heating and cooling up to 18 million square meters of civil buildings '
The building roof areas of solar photovoltaic integration will reach up to 1
million square meters, which will produce 40,000 kW photovoltaic power  2.97 14.85
Renewableenergy  generation capacity
4 applicationin The building areas of using solar water heating systems will reach up to 110 56.94 59.99
buildings million square meters and the areas of solar collector will reach up to 5.5  39.6 24.48
million square meters.
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  0.37 0.46
meters.
BEE in rural The .total quant_iti es of . new_ly-cor}str.uction energy effici ent res dgr)tial
5 residential buildings buildings and existing residential buildings retrofitted with energy efficient 24 74.04
standard will reach up to 200,000 householdsin rural areas.
6 BEE incommercia  Electricity consumption per unit area of commercia building will reduce by 97.06 0




building operation

12% through the implementation of energy consumption quota and ladder
electricity price.

BEE in heating

Including heating resources integration, EER of heating system and structure

! system adjustment of heating energy. 9.1 98.25
Behavior The building areas implementing heat metering and charging system will
8 . " 20.87 16.7
energy-saving reach up to 200 million square meters.
9 Green buildings - - 3.67
Energy saving
10 through residentia - - 1.134
industrialization
Total 620 634




Table 3 The Grades evaluation criteria of theindex layer

Evaluation grades

Type of indicator
Vi Vs V3 A\ Vs

Qualitativeindicators  excellent good moderate  qualified unqualified

Quantitativeindicators  >100% >90% >75% >60% <60%

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

amount.



Table 4 The summary of fuzzy evaluation subset ofrgyle factor

Single factor evaluation

Realization Vi Vs Vs V, Vs
Single factor indicator degree of >100% >

quantitative = b 290% =275% 260% <00%

indicators moderat qualifie unqualifie

excellent good
e d d

Fuzzy evaluation subsets of implementation effecter realization degree
of main planning targets

Cu 133% 1 0 0 0 0
Ci2 97% 0 1 0 0 0
Cis 104% 1 0 0 0 0
Cia 105% 1 0 0 0 0
Cis 309% 1 0 0 0 0
Cis 0% 0 0 0 0 1
Ci7 99% 0 1 0 0 0
Cis 80% 0 0 1 0 0
Fuzzy evaluation subsets of implementation effecter the development level
of BEE
Czo 130% 1 0 0 0 0
Co1 —22% 0 0 0 0 1
Ca — 0.5 0.5 0 0 0
Cas 100% 1 0 0 0 0
Co4 170% 1 0 0 0 0
Cos — 0 0.5 0.5 0 0

Coe — 0.88 0.12 0 0 0




Co7 —_ 0.13 0.62 0.25 0 0
Cas — 0 0.5 0.5 0 0
Cog — 0.13 0.74 0.13 0 0

Fuzzy evaluation subsets of implementation effectsr facilitating mechanisms to

promote BEE

Ca1 —_ 0.37 0.63 0 0 0
Ca2 —_ 0.37 0.63 0 0 0
Cas —_ 0.12 0.64 0.12 0.12 0
Cas —_ 0 0.37 0.5 0.13 0
Css —_ 0.13 0.63 0.24 0 0
Cse —_ 0.13 0.5 0.37 0 0
Cs7 —_ 0.13 0.37 0.25 0.25 0
Cas —_ 0.13 0.25 0.37 0 0.25
Cag —_ 0.13 0.25 0.13 0.37 0.13

Note: “——" represents unable to measure the realization eégregualitative indicator.



Table 5 The comprehensive scores of 27 indicatorsfor theindex layer

Index Score Index Score Index Score
Cu 100 Cxo 100 Ca1 93.7
Ci2 90 Ca 0 Ca 93.7
Ciz 100 Cx» 95 Cs 86.4
Cis 100 Cas 100 Ca 81.1
Cis 100 Co 100 Css 88.9
Cis 0 Cxs 85 Css 87.6
Ci7 90 Cux 98.8 Car 81.3
Cis 80 Cor 88.8 Css 65.1

Cas 85 Cao 68.1

Cxo 90




Table 6 Implementation effects of the latest three BEE Special Planning

By theend of 10" Bytheendof 11" By theend of
Time

FYPof BEE FYPof BEE 12" FYP of BEE
(2001-2005) (2006-2010) (2011-2015)
Indicator
Total energy savings (Mtce) 100 396 634
Total CO, emission reduction
250 990 1585
(Mtce)
The average heating energy
consumption per unit area 20.8 16.49 13.9
(kgee/n?)
The proportion of heating
35.6 435 54.9
areas by gas (%)
The proportion of heating
areas by municipal central 19.8 23 251
heating (%)
The proportion of heating
42.1 31 18.7
areas by coa (%)
The proportion of heating
areas by new and renewable — — 15

energy (%)




Table 7 A comparison of heat transfer coefficient of building envelope

between Beijing and Ger many

External External Thetop dab
_ Roof
Building envelope wall window  of basement
U(W/(m?K) , , ,
UMWI(MEK)  UWImEK)  U(WIM2K)
<3 storey 0.30 0.35 15~18
Beiji lation i
eingreguiEiontn 4 _g storey 0.35 0.40 1.8~20 05
DB 11/891-2012
>9 storey 0.40 0.45 1.8~20

Germany regulation in 2009 0.20 0.28 13 0.35




Table 8 The grade standards’ comparison of the twechemes

Standards of evaluation grade

Type of indicator

Vi \Z V3 \ Vs
gualitative excellent good moderate qualified unqualified
Scheme |
quantitative >100% >90% >75% >60% <60%
gualitative excellent good moderate qualified unqualified
Schemelll

quanti tative >120% >110%, <120%  >100%,<110% =100% <<100%




and evaluation Methodology

Practical situatiol

Assessing and

standar

result analysis

Set out dimensions of 4.‘ Determipe the weights
ex-post assessment of indexe
iy
Establish the ex-post
assessment framew
1l Establish the theoretical
. : model of ex-post menf
Establish the index systemm odel of ex-post assessme}
4
Familiar with the contents of
BEE Special Planning
Determine the evaluation
. Collect' relevant data an standard
information of BEE Specia
Planning’s implementatic
1
Conduct implementation effects’ ex-post assessmieBEE
Special Planning in Beijing during the” FYP perid
J
Discuss the assessment results and identify thieetsahindering
the implementation of BEE Special Planning
!
Propose the policy recommendations

Fig.1 Technology road-map for implementation effed’ ex-post assessment of

BEE Special Planning



during the 12 FYP period (A)

Ex-post assessment of implementation
effects of BEE Special Planning in Beijing

Target layer (A)

Criteria layer (B)

Cu

Ci2 . Co1 || C2

Cs1

Ca2

Index layer(C)

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



Ex-post assessment on implementation effects of BEE
Special Planning in Beijing during the 12" FYP period (A)
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buildings and rebuilding Cy,
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7 Cis

Y

Development level of BEE (B»)

Residentia space heating energy consumption per unit
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A 4

Facilitating mechanismsto

promote BEE (B5)

—| Electricity consumption per unit area of commercial building C,,

Legislation and regulation support
system Cs;
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Technical standards support system Cs,
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Government policy support system Ca3

Market supervision system Cg

—»| Proportion of renewable energy application in buildings Cy
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Science and technology industry support
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Information technology support system
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Fig.5 Theindex system of ex-post assessment on BEE Special Planning in Beijing during the 12" FY P period
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Fig.6 Main contents and their relationship of BEE Special Planning in Beijing
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Fig.7 The radar plot of scores’ distribution of 27indexes for the index layer
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Fig.8 Thevariation trend of mean electricity consumption index of commercial

buildings during the 12" FYP period in Beijing
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Fig.9 Comparison of the evaluation results based on Scheme| and Schemel|



Highlights
We set out the ex-post assessment criteria froee ttiimensions;
Establish the ex-post assessment framework frogetdayer, criteria layer and
index layer, and 27 indexes are identified;
Establish the ex-post assessment model by applyg§SEM;
The indicators’ evaluation standards are the ingmbrtfactors affecting the

ex-post assessment result;

Identify the main barriers to BEE implementationBaijing and propose policy

recommendations.



