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Abstract: The energy-efficiency promotion of new residential buildings in China has achieved great
progress in the past three decades. However, the expected policy outcomes cannot be fully achieved
due to the barriers in the policy-making and implementation process. Whereas governments play a
critical role in policy formation, perceptions of stakeholders involved in the building life cycle and
the industrial value chain (such as developers, design institutes and relevant material manufactures)
are fundamental to the successful implementation. To collect and identify the barriers of significant
influence on the industry from stakeholders’ perspectives, this paper used a nationwide institutes’
questionnaire to collect stakeholders’ voices regarding the barriers, the corresponding popularity
and the severity. All the barriers were categorized according to institutions’ scorings through cluster
analysis. The relationships between barriers were also analyzed according to the framework based
on policy cycle and policy environment. Results indicated that the core problem is the ineffectiveness
translating energy savings into benefits and profits. Accordingly, three major barriers were identified,
namely the (1) unsatisfied policy design and implementation; (2) stakeholders’ lack of implementation
capacity in developing and constructing high-performance new residential building projects and
adopting relevant technologies; and (3) insufficient legalization of relevant market. Other identified
barriers either were those not agreed by all institutions, or those could be eliminated easily after the
removal of the above three barriers.

Keywords: barriers; energy-efficiency promotion; cluster analysis; policy cycle; policy environment

1. Introduction

The promotion of new residential building energy efficiency has made great contributions to the
reduction of energy consumption intensity in building sector. According to the Ministry of Housing
and Urban-Rural Development (MoHURD) in China [1], the area of residential buildings has been
increasing at an average rate of 4% per year and reached 5.67 billion square meters in 2016, which is
2.1 times the amount than in 2000 (see Figure 1). In the meantime, the annual construction amount of
new residential buildings has also been increasing dramatically. As indicated in Figure 2, the area of
new residential buildings under construction and constructed has been increasing on average by 17%
and by 13% respectively per year from 2000 to 2014, and has been levelling out around 12.5 billion
square meters and 4.2 square meters since 2015 [2]. The fast expansion of residential buildings leads to
a substantial increase of total energy consumption in the residential building sector. As illustrated in
Figure 3a, the total energy consumed by residential buildings increased to 301 million tons of standard
coal in 2014, which is approximately 2.3 times the amount than it was in 2000 [3]. Figure 3b presents the
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calculated energy consumption intensity in the residential building sector, and indicates that, despite
the significant improvement of residents’ living standard, the promotion of new residential building
energy efficiency helps the average energy consumption intensity stabilize around 54 kilograms
standard coal per year per square meter.
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Data Source: Statistical Yearbook of Urban and Rural Construction (2017),
Ministry of Housing and Urban-Rural Development of China

Figure 1. Total area of residential building from 2001 to 2017 in China.
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Figure 2. Area of new residential buildings from 2001 to 2017 in China.
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Figure 3. Energy consumption of buildings from 2000 to 2014 in China. (a) depicts the total energy
consumption of buildings, residential buildings and the corresponding percentage in the entire country;
(b) illustrates the calculated energy intensity based on the area data in Figure 1 and the energy data in
Figure 3a.
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Despite the great contribution, the development of new residential building energy-efficiency
promotion in China yet have not achieved the expectations of policy settings [4]. With the rapid
increase of annual construction amount and development of social-economy, problems have begun to
surface. Currently, the energy-efficiency requirements for new residential building are not tight
enough as expected from an international perspective [5]. For example, the on-going standard for
energy-efficient design of new residential buildings in Northern China defines an energy consumption
intensity of approximately 40 kWh/m?a, whereas in Europe, the Energy Performance of Buildings
Directive (Directive 2010/31/EU) stipulates that all new residential buildings should be built as nearly
Zero Energy Buildings from 31 December 2020 [6]. What is more, it took China more than three decades
to introduce a nationwide energy-efficient design standard system adapting to all the three major
climate zones [7]. The first version of the design standard for new residential building energy-efficiency
promotion was published in 1986 and limited its application in the Cold and Severe Cold (CSC) climate
zone in China. It was not until 2012 that the requirements for energy performance had been introduced
for all the new residential buildings nationwide.

Apart from the relatively slow development of these standards, standards” implementation in
practice is low. In 2001, only ten percent of new residential buildings were designed according to
the standard and only approximately half of these projects were constructed properly according to
the original design [8]. It was not until 2012 that all new residential buildings in limited cities were
designed and built strictly following the requirements stipulated in the energy-efficient design standard
system. Other problems, such as poor performance of insulations, low comfortable level of indoor
environment and rapid increase of building energy consumption, have furthered the urgency for better
solutions to the problems in current situation [9]. Other than their existences in one single stage in the
life cycle of a building, problems have covered all the phases of the construction process. According
to the result of annual inspection dominated by the MoHURD in China, the unsatisfied construction
quality and the neglect of surveyor’s duty were the major two problems, accounting for approximately
40% of the projects found to be problematic [10].

Notably, the promotion of new residential building energy efficiency is a complex socio-technical
system [11], and it involves a large variety of stakeholders concerned with policy-making, marketing,
and technology [12-14]. The aforementioned problems are the comprehensive reflections of multiple
barriers regarding current policy settings, policy implementation process and the development of
relevant markets. These barriers are arguably not fully independent, and they cooperate and interfere
with each other as a system [15]. For example, a building design of low energy efficiency may result in
a low performance of a building in the operation stage. Besides, the energy efficiency of a building
in the design stage is determined not only by the energy-efficiency requirements from governments,
but also by the concepts and capabilities of market stakeholders. Despite the great importance of how
these barriers interfere with each other, few studies have paid attention to the relations between these
identified barriers. Contributing to filling this knowledge gap, this paper aims to build up an analytical
framework for organizing all the potential barriers and further identify the barriers of major influence
to the energy-efficiency promotion of new residential buildings. Specifically, this paper tries to address
the following issues:

(1) The construction of an analytical framework for organizing all the barriers in one complete
system, revealing how the identified barriers would affect each other;

(2) The identification and evaluation of barriers which are of significant influence empirically and
independently based on stakeholders’ perceptions, and

(3) How the identified barriers will affect each other and what role they play in the building
energy-efficiency promotion system.

The rest of this paper is organized as follows: Section 2 structures the analytical framework by
introducing the theories of policy cycle and policy environment. Section 3 summarizes the methodology
in barriers’ identification and evaluation. Section 4 describes the result of data processing and discussed
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the relationships of all the identified barriers. The corresponding conclusions are summarized in
Section 5.

2. Introduction of the Policy Cycle and Policy Environment Theory

Governments in current China own the strongest discourse power and with abundant policy
resources, they can regulate market stakeholders’ activities by a variety range of policy instruments
in current policy system [16]. For example, current national policy settings in China has introduced
mandatory energy performance standard and market access mechanism so that residential buildings
can be designed and constructed according to a specific energy-efficiency level, and those housings of
a lower energy-efficiency level are not permitted to be traded [10]. Most provincial and municipal
governments have also introduced the market access system for building insulation materials to
assure their quality and the corresponding performance [5]. In addition to regulations and mandatory
requirements, current policy settings in China also introduces financial incentives for the development
and construction of green buildings and buildings of higher energy performance, such as the “Passive
house” [16,17]. Other policy instruments, such as tax reduction, information campaigns can also be
found in current policy system [5,17]. Considering the interplays of energy-efficiency promotion
policies, this paper highlighted the policy system on energy-efficiency promotion of new residential
buildings as a whole, instead of focusing on one particular policy. This was also to avoid pre-assuming
which particular policy is perceived significant by stakeholders. The span of policy system not only
covered the policies directly related to the energy performance of a building such as References [10,16,17],
but also extended its focus on the policies affecting the popularization of high-performance new
residential buildings and the massive adoption of technologies, materials and equipment of higher
energy efficiency in the life cycle of a building such as Reference [5]. Both types of policies were
equally considered in regard to forming a better policy design whilst the latter type of policies were
taken into consideration when analyzing the barriers to the better implementation outcome of the
former type of policies.

To better understand how should a policy is designed and how well it can be implemented,
this paper introduces the policy cycle theory, proposed by Howlett, to organize the barriers found
in the policy-making process, and the policy environment theory, proposed by Bracco, to organize
those in the policy implementation process. The theory of policy cycle [18], along with the theory of
policy environment [19], provides a panoramic picture of how the stakeholders play the game in the
energy-efficiency promotion process in new residential building sector. The former illustrates how
a policy is made and the latter provides the theoretical framework of identifying and categorizing
factors affecting the outcome of policy implementation.

The policy cycle normally consists steps of agenda setting, policy formulation, legalization,
implementation, evaluation and maintenance/succeed/terminate [18]. “Agenda setting” is the first
step in the process when a problem is raised by policy actors and solutions put forward. The goal of
agenda settings is to transform public needs, political needs, and expectations of policy-makers into
policy design, thus realizing the expected policy outcomes [20]. Public agenda, media agenda and
policy agenda, as three major types of agenda, often link and interact with each other. The public
agenda, the raiser of which is the general public, reflects the direct voices from either residents
or home-buyers. The media agenda, raised by the mass media [21], plays multiple roles, such as
supervising governments and expressing public opinions [22]. It can help transform public agenda
into policy agenda, but, unlike residents/home-buyers, it does not produce real, direct and stable
demand. “Policy formulation” means the specific policy package design within the government.
The design process mainly focuses on the possible and feasible policy instruments/solutions which
are highly favored by various factors. “Legalization” is the third stage of a policy cycle and it
means the outcome of policy formulation—a particular course of action—is adopted by formal
actors in the government. The fourth stage of a policy cycle is the “Policy implementation”.
In this stage, a series of public administration instruments are utilized by governments to alter
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the allocation of goods and services in society, therefore enabling the governments’ decisions to be
put into effect in a way compatible with the preferences of the affected parties. Finally, the “Policy
evaluation/maintenance/succeed/terminate” refers to the stage in which the outcome of policy
implementation are monitored by both government departments and societal actors. The monitoring
results further determine whether the policy should be maintained, succeeded or terminated. If a policy
is determined to be maintained or succeeded, a new iteration of policy cycle will start and the problems
encountered in the implementation process will be reconceptualized [20].

Whereas the agenda setting focuses on the policy making, the theory of policy environment takes
factors beyond the full control of governments into consideration when policies are implemented [23].
According to the current literature [15], this paper defined the complete policy environment in the new
residential building energy-efficiency promotion industry by identifying four major parts constituting
the policy environment, namely, Market, Economy, Technology, and Capacity Building. Correspondingly in
this paper, the Market part focused on potential barriers affecting the penetration of high-performance
buildings and green technologies and products, by inspecting stakeholders” expectations and policy
settings since they both affect and are affected by each other dynamically [24]. Barriers in the Economy
part centered on the cost-effectiveness of technologies and projects. Except for the macroeconomic
factors, such as currency inflation, the cost-effectiveness of a technology is also determined by the
implementation cost and actual energy conservation, and that of a project is determined mainly by the
selection of different technologies under certain energy-efficiency requirements. Either the former or
the latter is further determined by the level of marketization of relevant technologies and products,
which refers to the availability of the technology tank that contains both technologies of leading energy
efficiency and those that can be applied massively [25]. The Technology part focused on the leading
technology evolvement and its application. It referred to the barriers hindering the research and
innovation of new technologies of either higher performance or lower difficulty in implementation.
Finally, barriers in Capacity Building field referred to the lack of the stakeholder’s ability to accomplish
specific goals or missions. Additionally, the lack of capacities comes normally from within the
institution itself rather than from boundary conditions. Accordingly, concerning energy-efficiency
improvement in the residential building sector, policies stimulating relevant stakeholders should
not only increase their willingness to participate in the energy-efficiency promotion process but also
improve their abilities to realize the target.

In addition, this paper also tried to identify the barriers in the Concept field as a supplementary
to the application of above theory. Concepts, together with other factors such as the capacity,
determine the way in which stakeholders make their decisions participating in energy-efficiency
promotion projects. Additionally, their voices also play a vital role in the policy-making process [26,27].
The promotion of new residential building energy-efficiency involves a few stakeholders with
diverse social, environmental, and economic interests [28]. Li et al. [29] proposed that government
departments have the most significant influence. House owners as well as end-users have the
second utmost influence. The property management enterprises and non-governmental organizations
have the least significant influence. Making decisions without considering stakeholders’ voices may
lead to confrontation, dispute, disruption, boycott, distrust, and public dissatisfaction [30]. Careful
consideration of voices from frontline stakeholders will, on the one hand, help policy-makers collect
more information and resources, thus enhancing the evidence base of policy instrument selection
and policy package development, and, on the other hand, increase compliance and, eventually,
render the outcome of the policy implementation process more legitimate. However, the “Top-Down”
policy-making process dominates in current China. The policy decisions depend significantly on the
attitudes of a specific set of political actors when the policy formation and decision-making process
take place [31].Their attitudes are further affected by governance arrangement, institutional rules
and the ideas that are prevalent in the jurisdiction at the time. Stakeholders neither have sufficient
chances to report their voices to the decision-makers nor have the opportunities to participate in the
policy-making process.
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A complete system of how the stakeholders interacts with other is summarized in Figure 4.

rToTTTT T mmTT T i Bl T i e K
| | | |
v A4 A4 | A4 A4
Public Government Government’s | | Market Stakeholders®
Perception Perception Capacity ! Stakeholders Capacity of
x 7 | Perceptions Implementation
\ /
l
1 AL |
|
: Market Plan
S . l Stakeholders
/| \ 4 !
» i \ A
Consuming Policy Policy ! ;
. ' D
| [ Formation Legalization : Market e
' I o
A ) Activities
l [ ]
v I Construction
l
. l
A ) Policy n Technology Cost- +
Policy [Implementation} *[ Evolvement > Effectiveness :
Agenda Operation
A
—
|
|

Policy B P(lxlicy
Maintanence valuation Energy Efficiency Promotion of Actual

Building
(Expected Policy Outcome)

Policy Policy
Succeed Terminate

Policy Cycle
————— Y — — — — — — — — — — — — — —
| Legends |
Components of .

| Policy Cycle D Construction Process > Steps — Decide |

C] Stakeholders Components of -—% Influence ----%  Containing |
| policy environment
_— e, —_— —_— — — — — — — — — — — — — — — — —
_—__—_—— T T T T T T T T T T e e

Notes: In the policy formation and legalization process, two types of policies are issued. One is the policies packages that can |

| influence the improve the policy environment, as indicated in the figure above. The other type is the policy directly related to
energy efficiency promotion. The implementation outcome of this type of policies are affected by factors in the policy |
environment. Under this context, the energy efficiency promotion of actual building is the expected policy outcome. In order to
make this figure simple and readable, the latter relationship is not indicated in the above figure. J

Figure 4. System of stakeholders’ interactions.
3. Methodology

The survey and data processing method are threefold: (1) data collection and processing by
questionnaire distributed to various types of institutes; (2) data processing by cluster analysis; and (3)
comprehensive analysis of the identified barriers.

To collect as much existing barriers as possible, open-ended questionnaires were utilized and
distributed to the selected thirty-two institutions in China. The selection of institutes took the
differences in climate, socio-economic development level, and property of institutes into consideration.
New residential buildings constructed in different climate zones achieve the same level of energy
efficiency at different rates. Climate differences also lead to different technical strategies and solutions
for achieving the same energy-efficiency level. There are three major climate zones in China, namely the
Cold and Severe Cold climate zone (CSC), the Summer Hot Winter Warm climate zone (SHWC) and the
Summer Hot Winter Warm climate zone (SHWW). The socio-economic development level represented
by Gross Domestic Production (GDP) per capita indicates the difficulty in sharing/undertaking
the incremental cost caused by energy-efficiency promotion. It further indicates the possibility of
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massive propagation of residential buildings of higher energy efficiency. The consideration of
institutes” properties was mainly based on the role which various institutes play in the industry.
The externality of new residential building energy-efficiency promotion makes it hard for developers
to profit from developing new residential buildings of high energy performance. However, it is strongly
favored by provincial and municipal authorities due to policy influence and potential benefit, such as
increasing job opportunities. Four types of stakeholders were correspondingly selected. Governments
referred to relevant departments on national, provincial, and municipal level, as they own the strongest
discourse power in current governance arrangement in China and are the decision-makers of policies.
Research institutes included universities, colleges and other institutes focusing on the Research and
Development (R&D) of high-performance technologies and policy innovation. It was assumed by
the author that they are more aware of the leading concepts than the other stakeholders and they
can provide responses based on both theoretical and empirical knowledge. Design institutes were
those companies in charge of the design of high-performance buildings. They are most familiar
with those wide-spread and maturely developed technologies, as well as the barriers to the massive
adoption of high-performance technologies. Enterprises, in this paper, refers to the developers and
material /equipment manufactures as they are most familiar with the barriers in the market field.
Overall, twenty-nine institutes were identified; a detailed description of the institution selection is
shown in Figure 5.

Climate Zones Interests GDP per Capita(10000 YUAN)

18%
11%
" CSC
32% 28%
SHWC .
SHWW e

29% » Government >10

Research Institute

Design Institute

Enterpises

() (b) (©)

Figure 5. Results of institution selection. (a) depicts the selection result from climate zones perspective,
(b) depicts the selection based on different interests that various stakeholders stand for, and (c) depicts
the results of selection based on GDP per Capita of the provinces that institutes are located in.

The reason why the questionnaire was distributed to institutes rather than experts lay in the
governance arrangement of institutes in China. Questionnaire respondes from institutes involve
more experts participating in the investigation process. Once the questionnaire is delivered to a
certain institute, managers (college deputies and heads of other government departments and public
institutions) will break it down and send them to different departments. Experts in each department
will first fill in the questionnaire based on their perceived experiences and their research domains.
A follow-up workshop, where all the responses from experts and corresponding reasons are stated and
discussed, will be conducted to find the most agreed-upon answers to the questions. When approved
by the manager of the institute, the most agreed-upon answers will be the formal response. Therefore,
a formal response from an institute can be seen as the result of the negotiations among experts of
different majors and professional ranks.

In order to further improve the representativeness of the responses and to achieve more reliable
feedback from different stakeholders, additional requirements were put up for those selected institutes.
These requirements were: For Government Departments—Advices on the response to the questions in
the questionnaire, from same-level departments, such as financial departments, industrialization
departments, and quality supervision departments, should also be collected when completing
the questionnaire. For Other Institutions—Opinions reflected in the questionnaire should be a
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combination of opinions from high-level decision-makers, frontline workers, and other individuals
from the same kind of stakeholder involved in the industry.

As for the data processing of the collected opinions, all the proposed barriers were classified
into categories and sub-categories according to the theory of policy making and policy environment.
The total frequency of all the barriers in one sub-category represented the corresponding popularity
perceived by experts in the institutes. However, the popularity of an identified barrier cannot represent
its severity, or to what extent and how will the identified barriers affect the whole industry. Therefore,
a second round of questionnaire was distributed to the same institutes to collect their opinions on
the severity of all the identified barriers in each sub-category. The Likert 5-Scale was utilized for
the evaluation by institutes. The correspondence between the scoring and perceived severity of the
barriers (or how much the influence is) is presented in Figure 6.
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[72]
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©o 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Calculated Mean Value

Figure 6. Correspondence between the Likert 5-Scale scoring and the perceived severity of the barriers.

Four descriptive statistics indexes were utilized to describe the collected data quantitively, namely
the Mean value (M), the Variance value (V), the Kurtosis value (K) and the Skewness value (S). The M
value represents the experts” average judgement on the severity of an identified barrier quantitatively,
whereas the V value represents the diversity of their judgements. The analysis of K and S values
are associated with the distribution of institutes’ scoring distribution. A high K value means a high
concentration of institutes” opinions to a certain evaluation score whereas a high positive S value
represents an extreme negative attitude of opinions toward the average judgement. Correspondingly,
the following principles were applied for evaluate the robustness of the experts’ judgements:

(1) If the M value of an identified barrier exceeded 4.0, it was considered by the author that,
according to the Likert 5-Scale, institutes” evaluation opinions were so concentrated that the
agreement could be considered as achieved. The evaluation results of the identified barriers were
robust, and the severity of the identified barrier was of extremely high influence. Correspondingly,
the judgement “R-0” was given to the identified barrier.

(2) If the V value was rather small, it meant that agreements among the investigated institutes can still
be considered achieved despite the minor judgement difference. Correspondingly, the judgement
“R-1" representing “Robust due to small variance” was given to the identified barrier and the
severity was determined by the M value of institutes’ scorings.

(3) If the V was not small enough, the evaluation of institutes” opinions took the K and S values of
scorings into consideration. If an identified barrier had a high V and K simultaneously, it meant
that the high V is caused by the appearance of extreme value. When two barriers had the variance
values of the same level, a positive K meant the distribution of the scoring was considered
acceptable as it compares with the natural distribution. The negative S meant the distribution
peak is larger than the average value. Under this circumstance, experts tended to believe that
that the actual influence of the identified barrier should be larger than the M value indicated.

However, it was hard to tell whether the V is small enough so that the third principle should be
applied. Therefore, this paper adopted the Cluster Analysis for further study. Cluster analysis is a
popular statistical data analysis technique that aims to find groups of closely related observations.
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Under this context, the observations in same cluster are closer than are those of other clusters.
For numerical data, the cluster result is determined by the distances of each number in a specific set
to the mean value of all the numbers in the group-that is- each number should be closer to the mean
value of its cluster than it is to the mean of any other cluster [32,33]. In this case, the hierarchical
clustering method was utilized. The “Inter-Group Linkage Method” was chosen, and the “Squared
Euclidean Distance” was calculated to measure the distance. The clustering process was based on
the calculated V, K and S value of each identified barriers as each of them represents one aspect of
experts’ scoring.

The comprehensive analysis took both the frequency of a barrier and its evaluated severity into
consideration. After selecting those barriers were perceived to have great influence agreed by most
experts, this paper further analyzed their interactions by applying these identified barriers into the
system as shown in Figure 4.

4. Results and Discussions

4.1. Results of Barriers” Identification

The open-ended questionnaires were distributed to thirty-two institutes and twenty-nine of
them responded to the research team. The identified barriers were mentioned 108 times in total
in all the responses. Table 1 summarized the collected opinions and additional explanations
from the investigated institutions and gave a relatively complete overview of the barriers that the
energy-efficiency promotion of new residential buildings face. These collected barriers were classified
into six categories according to analysis in Section 2. For each identified barrier, sample reference was
added to the description to give a further and detailed explanation of the barrier.

As for the barriers in the concept field, the concepts of home-buyers received the most attention
(CO3, F = 18). It can be therefore inferred that home-buyers’ perceptions is most widely spread barrier
nationwide. Home-buyers are not only the stakeholder who purchases the high-performance buildings
but also the one produces the real demand for residential building energy-efficiency promotion.
However, at this current stage, they are not fully aware of the benefits of high-performance buildings.
In addition, the institution deficiencies, such as the lack of advertisements or cascade energy price
system, also prevent home-buyers/residents to directly feel the benefits of high-performance buildings.

As for the concepts of other stakeholders (CO4), the identified barriers lay in a paradox
condition. On the one hand, various kinds of new concepts regarding new residential building
energy-efficiency promotion, such as Passive house and net Zero Energy Building (nZEB) has been
being proposed continuously. Pilot projects are also encouraged by central/local governments via
financial subsidy. On the other hand, most enterprises still have a biased understanding of new
residential building energy-efficiency promotion. They are aware of the externality, but they believe that
developing/constructing high-performance will not produce more benefits than ordinary construction
projects. The instability of the incentive policies, the lack of propagation as well as the lack of long-term
national/provincial /municipal developing plan has also furthered the situation.

The identified barriers in the market system focused on three major aspects of market
development, namely the marketization process (MA1l and MA3), the legalization level (MA2 and
MA4) and market-based regulating measures (MA5). In general, the market of energy-efficiency
products is adequately developed but the market of high-performance building materials and HVAC
(Heating, Ventilation, and Air-Conditioning) equipment is still under development. On the one hand,
the production amount of energy-efficient products can basically meet the demand and, on the other
hand, there is still room for the further promotion of building energy efficiency. Notably, the market
condition is not as healthy as expected. The “Market Access System” as well as other measures
regulating stakeholders’ behaviors are not implemented strictly. The lack of specific market credit
system has furthered the situation. There are also illicit competitions and the products of poor-quality
wins under certain circumstance, especially in the building materials market. Another major barrier
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in the market system is the “lack of incentives” (MA6). Opinions collected indicated that current
incentive polices cannot effectively motivate the market due to some deficiencies in the institution
system such as “the Pre-Sale System”. In addition to financial subsidies, stakeholders are expecting
incentives of higher effectiveness and easy to implement.

Technology evolvement (TE1 and TE2), as the foundation of the promotion of new residential
building energy-efficiency promotion, received fewer mentions according to the results of investigation.
It was considered by the author that the existing technologies can still meet the baseline requirements of
massive propagation of energy-efficient buildings. However, in association with the barriers identified
in the concepts field, the leading technologies, or technologies of high quality, energy efficiency and
stability, is still in urgent need.

The cost-effectiveness of technologies and projects also play an important role in promoting
new residential building energy efficiency [34]. There were respectively three and four major barriers
identified from the cost (see EC1) and benefit perspectives (see EC2). The adoption of high-performance
technologies leads not only to the increased technology cost, but to the high labor cost as well. However,
the current energy prices system and the poor operation of new residential cannot effectively translate
energy savings into real benefits.

The capacity of various stakeholders depicts the possibility of how well a policy, or a project can
be conducted [35]. Currently, most of the design institutes lack the capacity to develop design plans of
higher energy efficiency (see CB1), from district perspective, by taking surrounding resources and
primary energy into consideration. The implementation capacity (CB2) referred not only the enterprises’
capacity in constructing high-performance buildings, but governments’ ability to cooperate with other
departments and to achieve a better outcome of policy implementation. However, the identified
barriers in this aspect indicated that the results of construction and policy implementation has not got
the expected results. Besides, the lack of supervision capacity (CB3) was also identified as a major
cause for the unsatisfying building quality and the lack of assessment capacity, to some extent, leads to
the low effectiveness translating the energy savings into real benefits for enterprises.

Last but not least, barriers in the current policy setting systems were also identified. Barriers
in the aspects of financial support (PS1) and the policy design (PS2) received high attention from
the investigated institutes, revealing their great popularity nationwide. The investigated institutes
believe that current financial subsidy from governments is not as enough as expected and is hard to
achieve due to the over-complicated application process. Barriers identified in the policy design field
received the second most attention as presented in Table 1. These barriers were not only concerned
with the law and regulation system, the incentive policy system, but the standard system as well.
The “Regulation for Energy Conservation in Civil Buildings” was published in 2008 and had not been
updated since then. In addition, it is also seven years since the first publication of the energy-efficiency
standard of 65% level. The rapid development of the industry has made it rather easy to achieve this
energy-efficiency targets nationwide. Government departments, as well as the market stakeholders,
are all calling for a standard of higher energy efficiency under the requirements of multiple national
plans and programs.

As for policy implementation (PS3), it was pointed out by the investigated institutes that the
current jurisdiction of government departments is not as clear as expected. The implementation
outcome of the policy is thus affected. In addition, current policy settings cannot motivate the
stakeholders effectively and the preference of the whole system also remains unasserted.
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Table 1. Profile of first round of questionnaire.
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Fields Barriers C F Notes from Institutes Sample Reference
There is a lack of ultimate energy-efficiency promotion targets, such as issuing nZEB standard at [17]
Roadmap co1 3 some specific time node.
Current national plan only concerns a period of 5 years. However, a long-term roadmap concerning [17]
over ten years is an urgent need.
Various kinds of concepts regarding energy-efficiency promotion for new residential buildings have
. occurred and many pilot projects have been constructed. However, the propagation feasibility of
Leading Concept co2 ! these concepts is not adequately studied, taking the current governance arrangement, the market (361
development, and other factors into consideration.
C ¢ Most consumers are not fully aware of and sensitive to the benefits of green buildings. [37,38]
oncep
Concept of o3 18 The exacerbation of energy is not tightly associated with the daily life quality of residents. [39,40]
Home-buyers The concepts of green lifestyle and green consumption are not fully popularized. [4,40]
There is no strong need for high-performance buildings from home-buyers” perspectives. [34,37,38]
Generally, most enterprises have not recognized their social responsibilities and have little willing to [17]
overcome the externality of new residential building energy-efficiency promotion.
Concept of Most enterprises in the industrial value chain, especially the DEVELOPERS, have not recognized the [17,34]
Enterprises CO4 3 benefits of high-performance buildings. The concepts of related enterprises shall be updated. !
There is still a lack of propagation of the concept “new residential building energy-efficiency [34]
promotion”. §
L The performance of building materials cannot meet the strictest requirement in the market. [39]
Marketization of
Energy-Saving The promotion of insulation performance of building materials contradicts its promotion of the [41]
Building MA1 3 fire-preventing performance.
Material Market The adoption of high-performance building materials leads to a great incremental cost. [38,42]
Igi%jllzfistla?/?n()f The “Market Access System” does not work as strictly as it is expected. Products of poor quality can
8y J MA2 1 still also penetrate the market due to its lower price than the good one. The phenomenon “Bad [39,43]

Building
Material Market

Money Drives the Good Money out of Circulation” still exists and is of great popularity.
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Fields Barriers C Notes from Institutes Sample Reference
Products of high performance and cost-effectiveness are under development. [39,44]
Marketization of Massive production of high-quality, high cost-effectiveness and high-performance equipment cannot [39,44]
Energy-Saving MA3 meet the need from market stakeholders. !
Equipment Market There is still room for the promotion of the stability of HVAC equipment/controlling systems and [39,44]
the cost-effectiveness of the equipment. o
Market I]Ei%ig;?stg\)/?n?gf MA4 On the one hand, the quality of energy-saving equipment is a major problem. On the other hand, the 4]
Equipment Market post-sale services are often of poor quality at current stage.
Perfection of Market Currently there is no special credit system for the enterprises participating in the development and )
. MAS5 . . o [45]
Credit System construction of high-performance buildings.
There is still a lack of incentives which can effectively increase the activeness of the developers, such [39]
as Volume Ratio Refund, Preferential Tax Rate, etc. -
The institution of sharing the benefits of developing and constructing high-performance buildings is
not mature. For example, there is still a debate in research field about who should get the subsidy [46]
. from the government, developers or residents.
Lack of Incentives MA6
The supply and demand of housing can also have great influence on the development of new
residential building energy-efficiency promotion. In other words, the propagation of [39]
high-performance buildings relies significantly on the development of the real-estate.
Carbon Tax has not been introduced into the new residential building sector nationally. [47]
The “Pre-sale System” for commercial housing prevents home-buyers from feeling the benefits of [48]
high-performance buildings directly.
Lack of complete technical solutions for high-performance technologies. [39,49]
Technology System The actual outcome of some technologies is not asserted. [39]
Innovation/Propagation TE1 Research outcomes cannot effectively be translated into technology innovations in time. [39]
Current technologies are not 100% feasible taking climate, habits of residents, cost-effectiveness and [39]
Technology other factors into consideration. :
Despite good design of a project, the quality of the construction cannot meet the expected [35]
Construction requirements. -
Requirements TE2
The adoption of high-performance technologies requires higher and more strict construction (35]

requirements, which is low at current stage.
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Fields Barriers C F Notes from Institutes Sample Reference
There is a high incremental cost when adopting high-performance technologies and developing
. : g - . [34,50]
Cost EC1 4 projects of high-performance buildings. Products of high performance are also expensive.
There is no specific and feasible energy quota mechanism for regulating the energy consumption. [47]
High labor cost for implementing high-performance technologies. [4,34,50]
Economy Most projects can realize the target of energy conservation but struggle to profit from energy [46]
conservation. ?
Benefit EC2 4 Energy conservation demand cannot be effectively translated into energy savings. [47]
Residents cannot see an obvious benefit from buying high-performance buildings. [37]
Long payback period due to the relatively low energy price. [39,51]
Current popular design strategies mostly focus on a single building, neglecting its interactions with 39,52]
the surroundings. o
Current popular design strategies pay too much attention on the implementation of those high
Design Capacity CB1 6 energy—eff.lc.lency”products. There is a lack of design capacity from the perspective of “systematic [52]
energy efficiency”.
Current design strategy pays too much attention on the energy savings, neglecting the 52]
comprehensive application of multiple kinds of resources and primary energy. g
There is still a lack of the design capacity regarding distributed energy system. [52]
In comparison with the high/strict construction requirements, construction enterprises lack of the [35]
capacity to meet the requirements. N
Capacity Building Green Property Managements has not acquired enough attention, not only from the governments,
but also from the residents. Correspondingly, relevant enterprises lack the capacity to conduct [4,53]
property management in a green way. In addition, the actual outcome of conducting green property -
Implementation CB2 13 management is also far from satisfaction.
Capacity Some government departments lack the capacity to cooperate with other ones for the better policy [39,44]
settings or policy implementations. !
There is room for the capacity building of market stakeholders, such as post-occupational education
and training. Experts in new residential building energy-efficiency promotion are also urgently [4,35,39]
needed. In addition, the ability to evaluate the condition of resources accurately is also urgently T
needed, as is the ability to apply high performance technologies.
Inspection and The iupetr.Vlsory ?igan;?tl}oll_’l carfmot fulfill b1ts l12;sponslb1hty to identify all the problems affecting the 4]
Supervision CB3 3 construction quality of high-performance buildings.
Capacity Current Energy-Efficiency Assessment Agencies lack the capacity to evaluate the actual energy 4]

savings of the project.
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Fields Barriers C F Notes from Institutes Sample Reference
Financial There is a lack of financial incentive policy preference for high-performance buildings. [4,39]
Support PS1 K From enterprises’ perspectives, it is hard to get financial support from governments due to the [38,39]
complicated requirements. o
Laws and regulations related to the new residential building energy efficiency should be further [4,34]
improved. .
Mandatory requirements for the key links/parameters in developing/constructing the 4]
. high-performance buildings are an urgent need.
Policy
Design/Policy PS2 15 Current policy design cannot cover the whole life span/cycle of the high-performance buildings. [51]
Policy S System Building Carbon Emission Trading Mechanism has not been propagated and popularized nationally. [54]
olicy Settings
Y & There is some inconformity in current standard system. [4]
Current evaluation standards of high-performance buildings are so unspecific that results will vary [38]
depending on different experts participating in the evaluation process.
Jurisdiction of relevant government departments are not only complicated but also so unspecific that [39]
Policy PS3 4 the explanation and implementation of the policies are significantly affected. i
Implementation Policies and standards are often not 100-percent implemented regarding the developing and [4,39]
construction process. ,
Current policy incentive system cannot effectively motivate the stakeholders. [39]
Gfu;ding Ability PS4 2 Lack of detailed/operable standards for implementing the incentive policies. [38]
of Policies
The guiding ability of policies should be further strengthened by setting up mandatory (48]

requirements.

Notes: F—Frequency, stands for how many institutes indicated the specific barrier; C—Code.
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4.2. Profile of Evaluation Opinions from Institutions

The institutes” opinions on the evaluation of the severity of all the identified barriers were plotted
in Figure 7a, by demonstrating the M value and V value of institutes’ scorings. Among the identified
barriers, the barriers CB3 and PS4 stood out due to their extremely high variance value (2.671, 2.698,
respectively), which revealed that the institutes had not come to an agreement on the severity of the
barrier “lack of inspection and supervision capacity”, and the “lack of guiding ability of policies”.
The MAS had an extremely high average value (4.21) of severity indicating the importance of credit
system in the future development. The TE2’s low M and V values indicated that, agreed by experts,
the lack of construction requirements will not have significant influence. In the meantime, most of the
identified barriers were evaluated to have great influence as they had relatively low variance value
(smaller than 2) and high mean value (over 3.5 according to Figure 6). In addition, these identified
barriers tended to cluster. The M values of these barriers ranged from 3.5 to 3.93 and the V values
ranged from 0.73 to 1.83.
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Figure 7. M, V, K, S of all the evaluation opinions for identified barriers; (a) describes the barriers’
distribution according to their Mean Values and Variance Values; (b) describes the barriers’ distribution
according to their K and S values.

Figure 7b presented the K and S of each identified barrier. Approximately half of the barriers
had positive K values and all of them had negative S values. This indicated that all the investigated
institutes tended to believe that the barriers had a higher severity than the M value indicated, whereas
the distribution of the K values indicated that only approximately half of the barriers could be
considered as agreed by all institutes, since the positive K indicates a more concentrated distribution of
scoring than the natural distribution.

Figure 8 further presented the M, V, K, S and corresponding M ranking of all the identified
barriers. On average, the barriers in the Market field were at the top of the average ranking (7.3),
followed by those in Economy (11), Policy Settings (11.5), Capacity Building (12.3), Concept (13) and
the Technology Evolvement (15) aspects. The average ranking of all the identified barriers indicated
the severity of the barriers in different aspects. Perceived by the investigated institutions, barriers
in the market system were forecasted to have the greatest influence. The ranking of MA2 and MA4
indicated that the market environment is not as healthy as expected. The lack of laws, standards or the
other measures regulating market stakeholders’ behaviors has resulted in unfair competitions, such as
the “Bad Money Drives The Good Money Out Of Circulation”. However, institutes also believe that
the market credit system can be a solution to these barriers, as indicated by the ranking of M5.
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Figure 8. M, V, K, S and M ranking of all the identified barriers.

Barriers in the Economy field, the Capacity Building field and the Policy Settings field had similar
rankings on average. However, the ranking of the barriers in respective field also indicated the
major barrier to the industry. Despite the minor difference of variance value between EC1 and EC2,
investigated institutes held the opinion that the barriers from benefit aspects are of greater importance
than those in cost field (as indicated by the K and S values). It can be therefore inferred that market
stakeholders are willing to increase the cost, only if the energy savings can be effectively translated into
real benefits. In the policy settings field, institutes believed that a proper design of policy settings and
the corresponding implementation are of more importance than short-term financial support or the
guidance from the policy systems. The corresponding conclusion was also proved by the ranking of
CB1. Currently, stakeholders are faced not only with the question of how to improve their own
ability to conduct projects of high-performance buildings, but also with the unsatisfied effectiveness of
governments and the biased implementation of policy incentives.

Barriers in the Concept field ranked the second last on average and they all had similar variance
values. Under this circumstance, only the barrier CO4 could be evaluated as agreed by investigated
institutes. However, it is of little influence on the industry.

Finally, the barriers in the technology field had the least average severity. Despite the great
importance of technology in translating building energy efficiency promotion targets into real projects,
the barriers in this field had little M values. It was considered by the author that, at this current stage,
the evolvement of technology can meet the basic requirement of building energy efficiency. There is
still time for the development and perfection of high-performance technologies.

4.3. Results of Cluster Analysis

The result of the clustering process—the dendrogram—is shown in Figure 9a. With the increase of
the measured distance, the number of clusters decreased and so did the similarities between elements
in the same group. When the distance between clusters was smaller than 5, the number of clusters
increased fast and dramatically. Therefore, the distance of 5 was identified as the standard and seven
clusters were identified.

Figure 9b depicted the M, V, K, S of all the barriers and classified them according to the results of
clustering. In accordance with the analysis in the Section 4.2, the CB3 and PS4 were classified into
two different clusters due to their extremely high variances and they had significant different K
values. For the remaining identified barriers, they were correspondingly classified into five categories
according to their V, K and S. Figure 10 summarizes the average value and the corresponding ranking of
M, V, K and S of each cluster. The ranking of M and S values is in descending order whereas the
ranking of V and K is in ascending order so that a higher ranking can represent a better result.
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Figure 9. Results of Cluster Analysis. (a) presents the Dendrogram of the clustering process and (b)
presents calculated M, V, K, S of barriers in different clusters.
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Figure 10. Calculated Value and Ranking of M, V, K, S of each cluster.

Among all the clusters, Cluster 3 had the minimum average variance value (0.981), representing
the highest robustness. Therefore, the corresponding barriers were identified as R-1 according to the
principles in Section 3. Cluster 2 and Cluster 4 ranked third and second according to the level of
variance and they both had similar V values which were only approximately 20% larger than that of
Cluster 3. In addition, Cluster 2 also had a positive average K value and a negative S value. The only
one barrier evaluated as “R-0”, representing not only the high concentration of opinions from institutes
but the expected great severity, lay in Cluster 2. Correspondingly, they were also identified as robust.
However, the barriers in Cluster 2 could meet the requirements of both R-1 and R-2 whereas Cluster 4
was only identified as R-2. The barriers in Cluster 5 were also identified as robust despite the great
variance (1.434). The average K value of this cluster reached 2.216 and the S value reached —1.227, and
both K and S both ranked the first among all the clusters. This means that the investigated institutions’
judgements on the severity of the identified barriers and barriers tended to concentrate and at the
same time, could be expected to be of greater influence. Finally, the judgements of all the identified
barriers are listed in Table 2.

Among all the identified barriers, seven were evaluated as not-robust (marked as bold and NR
in Table 2) due to the extremely high variance value of Cluster 6 and 7, and the simultaneous high V
value and the negative S value in Cluster 1 at the same time. Additionally, the barriers in Cluster 1 had
M values higher than 3.5, meaning that they are of significant influence as evaluated by investigated
experts. However, the high variance values indicated that there were also considerable differences of
opinion among institutions.
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Table 2. Evaluation Result of Cluster Analysis.

18 of 28

Robustness M
Code M A\ K S Cluster Judgements Ranking
CcOo1 3.54 1.665 —0.48 —0.586 1 NR 13
CcO2 3.75 1.676 —0.543 —0.71 1 NR 8
CO3 3.54 1.813 —0417 —0.817 1 NR 14
CcO4 3.5 1.444 0.577 —1.241 2 R-1/R-2 17
MA1 3.5 1.37 0.3 —-0.97 2 R-1/R-2 18
MA2 3.93 0.884 —-0.714 —0.426 3 R-1 2
MA3 3.61 1.21 0.605 —0.922 2 R-1/R-2 11
MA4 3.93 1.106 —0.66 —0.672 4 R-1 3
MA5 4.21 0.989 0.503 -1.193 2 R-0 1
MAG®6 3.75 1.528 —0.078 —0.879 1 NR 9
TE1 3.75 0.935 —0.836 —0.248 3 R-1 10
TE2 3.29 1.101 0.116 —0.419 4 R-1 20
EC1 3.54 1.369 —-0.861 —0.167 3 R-1 15
EC2 3.79 1.434 2.216 —1.227 5 R-2 7
CB1 3.57 1.365 —0.136 —0.56 4 R-1 12
CB2 3.93 1.032 1.143 —0.99 2 R-1/R-2 4
CB3 2.82 2.671 —0.828 —0.514 6 NR 21
PS1 3.54 1.665 —0.466 —0.697 1 NR 16
PS2 3.82 1.115 0.489 —0.837 2 R-1/R-2 6
PS3 3.93 0.735 —-0.771 —0.236 3 R-1 5
PS4 3.43 2.698 0.067 —1.025 7 NR 19

4.4. Comprehensive Evaluation Based on Policy Cycle and Policy Environment

Figure 11 presents the distribution of all the robust barriers according to their frequency and the
evaluated severity. The higher frequency an identified barrier had, the more attention it had achieved
from experts. At the same time, the quantified evaluation result depicted the expected severity of the

barriers. In general, barriers in policy settings field and capacity building field had received more
attention from stakeholders whereas most of the barriers in the market system were expected to be of
more significant severity. Those barriers in the economy and technology system had neither high
frequency nor high evaluation scorings. The distribution meant that these barriers neither received
great attention from experts nor were of great influence on the development of the industry.
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Figure 11. Frequency and Evaluated Severity of All the Identified Barriers.
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The barrier PS2 and CB2 had the highest frequency among all the barriers. The high frequency
indicated that highest popularity of these two barriers among institutes and the evaluation result—"
R-1/R-2"—indicated that experts and institutions had come to a consensus on their severities.
The government in China owns the strongest discourse power and the most abundant policy
resources. Minor deficiencies in the law systems, the standard systems and policy incentives may
lead to a significant influence on the stakeholders’ participation and the development of the industry.
The similarities of these two barriers (PS2 and CB2) in frequency and evaluated severity also indicated
the tight interaction between these two barriers. On the one hand, the lack of some institutions’
capacity to cooperate with each other affects the expected policy design and, on the other hand,
defective policy design further influences the stakeholders’” activeness in improving their capacity, and
the corresponding capacities further affect the implementation outcome of policies and projects.

The frequency of the remaining twelve identified barriers ranged from 1 to 6 according to the
survey. The M values of four of them were around/over 4, meaning significant expected severity.
In addition, the high scorings of these four barriers stressed the urgency for the proper policy
implementation (indicated by PS3) and a legalized market environment (indicated by MA2 and
MA4). It was considered by the author that, at the current stage, the market of energy-efficient
building materials and equipment is adequately developed. The diversity and accessibility of various
technologies can basically meet the requirements for energy-efficient buildings. However, as indicated
by MA1 and MA3, the marketization process of building material encounters the problems of lacking
technology innovations and building equipment requiring products of better quality.

The barriers influencing the technology evolvement (TE1l, TE2) and the corresponding
cost-effectiveness (EC1, EC2) were neither of great perceived severity nor of great popularity among
experts. It was considered by the author that current technology can meet the implementation
requirements of energy-efficient buildings; the identified barriers are associated with the further
improvement of building energy efficiency, such as the technical solutions for nZEB or Passive House.
The evaluation results of barriers in the cost-effectiveness field indicated that stakeholders are not as
sensitive to the investment and benefits as the development of the market.

As for the barriers caused by the concepts of various stakeholders, the investigated institutes
only agreed that the concept of enterprises in the industry matters. The evaluation results of CO1,
CO2, CO3 indicated that the severity of barriers in the “Roadmap”, “the Leading Concept”, and the
“Concept of home-buyers” fields are not asserted. Despite the higher M values of these barriers than
the CO4—the concept of enterprise—the severity of concepts should be further studied from different
perspectives before applying corresponding policy to eliminate these barriers.

In addition to the evaluation results as plotted in Figure 11, Figure 12 depicts how the identified
barriers affect the development of the complete industry and how the system conducts the influence of
one barrier to the downstream links. The major barriers are marked red and those of relatively low
severity are marked yellow. The following analysis is based on the outcome of the system—the
actual building energy efficiency promotion of new residential building projects starts from the
lower-right-hand corner of Figure 12.
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The actual energy efficiency promotion of new residential building projects is the outcome and a
comprehensive reflection of good planning, design, implementation and operation. Correspondingly,
barriers in these steps have a direct influence on the energy efficiency level of new residential
projects. Results in Figure 11 indicate that current enterprises are basically able to propose a good
design of ordinary energy-efficient buildings. The relatively low M and frequency of CB1 indicate
that current barriers regarding design capacity relate to the design of high-performance buildings,
such as the Passive House, or 3-star green buildings. Current popular design strategy can meet the
basic energy efficiency requirements stipulated in the design standard. However, the design institutes
lack the capacity to propose individualized energy-efficient design plan for residential buildings.
Apart from the CB1, another barrier evaluated as “robust” regarding capacity building was that
the market stakeholders” implementation capacity (CB2) is far from satisfied. The M value of CB2
indicated that the lack of implementation capacity should have the greatest significant influence
among all the barriers in the capacity building field. Most construction enterprises currently lack the
ability to build high-performance buildings as strictly required by the design plan. The unsatisfied
construction quality will not realize the expected energy conservation potential of a high-performance
building and the unsatisfied property management cannot effectively translate the energy savings into
benefits /profits. This conclusion was also proved by the ranking and M value of TE2. The low ranking
and M of TE2, together with the evaluation results of CB1 and CB2, indicated that it is not the high
construction requirement but the lack of the implementation capacity that hinders the development of
new residential building energy efficiency.

The inefficiency in converting energy savings into benefits is also the major barrier (EC2)
in the economy field. It was evaluated to have a significant influence not only on the industry
but also on the decision-making process of market stakeholders by affecting their perceptions
and concepts. The M differences of EC1 and EC2 indicated that all the institutions perceive the
investment into high-performance buildings as acceptable only if the calculated energy saving can be
effectively translated into benefits, and thus help the enterprise to realize its primary goal for benefits.
The corresponding conclusion was also in accordance with the notes and the M value of CO4—the
only barrier that experts reached agreement about.

As indicated in Figure 12, the market stakeholders” activities are affected not only by their
concepts and the cost-effectiveness of the projects and technologies, but also by the technology
evolvement and the marketization process and the legalization level of corresponding markets. The M
value of TE1 indicated that the technology innovations are of significant importance to the future
development of building energy efficiency promotion. Whereas the technology innovation represents
the most probable energy efficiency level, the marketization process of corresponding market reveals
the massive propagation possibility of certain technologies or buildings of certain energy efficiency
level. The relatively low M values of MA1 and MA3, in addition to the similar M value of EC1, indicated
that the market of building materials and equipment can be considered as adequately developed.
The incremental cost of constructing high-performance buildings are reasonable. The major barrier at
current stage is the legalization of the corresponding market (see MA2 and M4 in Figure 11, Figure 12
and Table 1). Various kinds of non-compliance competitions are the major force hindering the healthy
development of the market. The low ranking of CB3 indicated that this chaotic environment cannot be
attributed to the lack of supervision and assessment capacity. The notes and high M values of PS2 and
PS3 depicted a solution, that is, a better policy design and faithful implementation of these policies
will be of great influence on the improvement of the market environment.

The scorings of PS2 and PS3 further indicated that, in the case of current China, the policy settings
are of great importance in influencing stakeholders’ concepts, stimulating technology innovations
and regulating the market activities. The similar M values of PS2 an PS3 revealed the similar equal
importance of policy settings and the corresponding implementation. As indicated by the notes of
PS2, various kinds of barriers exist not only in the law and regulations system, but also in the standard
system. The notes for PS3 further gave the reason why these barriers regarding policy cannot be solved
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in time—the jurisdiction of governments is not clear enough that some of the departments are not
willing to take responsibility.

Above all, the core problem hindering the promotion of new residential buildings is the
ineffectiveness of translating the energy savings into profits /benefits for enterprises/home-buyers.
The major barriers to the promotion of new residential building energy efficiency promotion were
identified as follows:

(1) The market stakeholders’ lack of implementation capacity (CB2, Frequency = 13, Evaluated
Severity = 3.93).

(2) The unsatisfied policy design (PS2, Frequency = 15, Evaluated Severity = 3.82) and policy
implementation (PS3, Frequency = 4, Evaluated Severity = 3.93).

(3) Legalization of relevant markets (MA2, Frequency = 1, Evaluated Severity = 3.93; MA4,
Frequency = 2, Evaluated Severity = 3.93; MAS, Frequency = 2, Evaluated Severity = 4.21).

Major barrier No. 2 affects the policy cycle process and barriers No. 1 and No. 3 belong to
policy environment and they have significant effects on the implementation of policies to achieve the
expected outcome. The neglect of the other identified barriers is not only because of their relatively
low expected severity, but also because they may be caused by the above three barriers and they can
disappear, or to some extent be solved after the elimination of the three major barriers.

4.5. Discussion and Policy Implications

Table 1 summarized all the barriers collected from frontline institutions and Figure 12
demonstrated how these identified barriers interfere and affect each other. The result indicated
that the barrier lying in the core position of new residential building energy efficiency promotion
in China is “the ineffectiveness in translating expected energy savings into profits/benefits for
home-buyers”. This was also noted as the “energy efficiency gap” or “energy efficiency paradox” in
other literature [39,55,56]. It broadly refers to the slower actual diffusion of energy-efficient goods
(buildings, technologies and relevant energy-efficient products in new residential building sector)
than the socially optimal level [57,58]. As for the barriers resulting in the energy efficiency gap,
many papers attributed this inefficiency in translating energy conservation into benefits/profits to the
externality of the new residential building energy efficiency promotion industry, the market failures and
the behavioral anomalies and failures [56]. Barriers related to these fields, such as “high incremental
cost” and “lack of fiscal incentives” may be of great importance from international perspective [59-62].
It is undeniable that these identified barriers do exist in current China as summarized in Table 1.
However, the evaluation results of these barriers indicated that the China situation is different.
In addition to the unsatisfied policy design, the stakeholders’ lack of implementation is also one
widely-spread and acknowledged barrier of significant influence (severity).

For market stakeholders, the lack of implementation capacity refers to the lack of professional skills
for the adoption and maintenance of technologies [38]. In addition, the high-performance buildings
in-use call for a series of stakeholders to work together for the intended green performance during the
operation and maintenance phase [48]. As indicated by CB2 in Table 1, this lack of implementation
capacity focused on construction phase and operation phase of a high-performance building. This was
not only proved by papers regarding barrier identification specifically in the China context [38,48],
but also indicated by the amount of green building certification in the certification phase in China.
According to the data from the MoHURD, among all the green buildings that had been constructed by
September 2016, only approximately 6% of them were labelled as “green building” from the operation
perspective whilst 94% of these projects were only labelled as “green building” in the design phase [63].
According to the research by Aliagha et al. [35], the shortage of this capacity can be further interpreted
as the lack of “Competency of available mechanics/technicians to install, test, adjust and repair
HVAC system and corresponding control system, to install light system and corresponding controlling
equipment, and to install the renewable-energy-related systems”. The shortage of this capacity is of
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the second utmost importance in Malaysia and most Asian countries have similar conditions. As for
the solution to this barrier, Georgios et al. [64] proposed a novel education framework and some
Chinese colleges has introduced practical training into courses [65]. However, it was considered by the
author that, in addition to the education and training for students, at least equal effort should be paid
attention to the re-education and training of currently occupied professional staff.

The other widely-spread barrier of significant severity is the unsatisfied policy system. It refers to
not only the deficiencies in the law and regulation system and the deficiencies in the design
and implementation standard system, but also the utilization of mandatory policy instrument.
The importance of this barrier was extensively stressed by many literature, noted as “legal barriers” [4].
As was indicated in Figure 12, the author attributed this barrier to the governments’ lack of
implementation capacity to form a better policy design. On the one hand, the “Top-Down”
policy-making process dominates in the new residential building energy efficiency promotion in
China. The policy decisions depend significantly on the nature of the particular set of political actors,
ideas, and institutional rules that are prevalent in the jurisdiction when policy deliberations and
decision-making take place [31]. On the other hand, regulatory policy has traditionally been tackled
from the top down, that is to say, from the perspective of regulators (bureaucrats, officials, politicians)
rather than from the perspective of those regulated (citizens, businesses, consumers) [66]. Under
current governance arrangement in China, it is suggested by the author that governments shall pay
more attention on the frontline stakeholders’ voices via multiple approaches such as interviews or
field offices [67,68].

Another barrier of significant perceived severity associated with government departments is
the policy implementation and is noted as “administrative barriers”. In the China context, the new
residential building energy efficiency promotion is regulated by at least three ministries: the MoHURD,
the Ministry of Finance and the National Development and Reform Commission [15]. As indicated in
Table 1, some government departments’ incapability of cooperating with others leads to this barrier
and increases the complexity in administration and the difficulty for market stakeholders to access
the incentives. In addition, despite the fact that Chinese central government has spared little effort
in eliminating the non-compliance of standard via annual inspection [10], challenges still exist in
small cities, towns and villages [69], as introduced in Section 1. As the implementation of current
building energy efficiency incentives is solely through a problematic top-down target responsibility
system [70], researchers have suggested that, under the current governance mode, policy bundling,
interest bundling and policy framing could facilitate effective implementation by local governments
rather than the central one [71]. To address the coordination issue, it is suggested that these policies
should be overseen by high-level city leaders such as mayors [16].

According to the theory raised in Section 2, both implementation capacity of market stakeholders
and the insufficient legalization of relevant markets belong to the policy environment field. Results
indicate that to form a better competition environment for material and equipment manufacturers is of
greater importance than incentives such as fiscal subsidy [72]. It is considered by the author that the
market-based credit system, recording and evaluating relevant enterprises’ non-compliance behavior
and publishing the corresponding results to the general public, could be effective. However, since the
policy implementation is not solely affected by one barrier, it is important to take other factors such as
capacity building and economics into consideration.

5. Conclusions

Despite the great progress China has made in promoting the energy efficiency of new residential
buildings, barriers still exist and hinder the realization of expected policy outcomes. By introducing the
theoretical framework of policy cycle and policy environment, this paper identified the major barriers
in the six key aspects affecting the development of the industry, namely the concept, market, economy,
capacity building, policy settings and the technology evolvement. By nationwide questionnaire
distributed to a variety of types of institutions, the barriers regarding each aspect were identified and
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the corresponding severity were also evaluated via Likert 5-Scale and Cluster Analysis. Results
indicated that the barriers work as a system and the influence will be conducted downstream
according to the dynamic of the whole system of new residential building energy efficiency promotion.

In the case of China, the core problem affecting the energy efficiency promotion of new residential
buildings is the ineffectiveness in realizing the expected energy savings and further translating the
energy savings into benefits/profits for market stakeholders/home-buyers. This problem is caused
by three major barriers, namely (1) the unsatisfied policy design and its implementation, (2) the
stakeholders’ lack of the capacity to develop, construct or operate high-performance residential
building projects (implementation capacity), and (3) the relatively low legalization level of relevant
markets. The first major barrier is associated with the policy cycle whereas the last two exist in the
policy environment regarding new residential building energy efficiency promotion.

Currently in China, governments own the strongest discourse power and the most abundant
policy resource to regulate the market and thus realize its targets. From the perspective of policy
cycle, current policy settings and the signing of various international agreements has made the new
residential building energy efficiency promotion remain on the policy agenda. However, the unsatisfied
policy design (PS2) and corresponding policy implementation process (PS3) cannot 100% percent
effectively stimulate and regulate the market. The vague jurisdiction of government departments,
in addition to the lack of implementation capacity, results in ineffectiveness not only in carrying out
the policy design properly and faithfully, but also in the adjustments and the solving of problems in
the current policy system.

In addition to the implementation capacity of governments, the outcome of policies is also affected
by the policy environment. At the current stage, the relevant markets regarding energy-efficient
buildings are considered to be adequately developed as the energy efficiency of building related
products can basically meet the requirements energy-efficient buildings. In addition, the incremental
cost of these products is also considered acceptable. The major barrier associated with market
development is the relatively low legalization level (MA2, MA4). Some stakeholders’ violation of rules
without punishment, or their malicious competition behavior has significantly hindered the healthy
development of building energy efficiency market and the promotion of new residential building
energy efficiency. A market-based credit system could be a solution (MA5). As for the capacity
building field, the dominating barrier is the lack of implementation capacity (CB2). Current capacity of
most construction enterprises cannot meet the high requirements by the design of high-performance
buildings. The unsatisfied implementation outcome further results in the major barrier in the economy
field, that is, the expected energy savings cannot effectively be translated into benefits, thus preventing
enterprises from realizing their target of making profits. The barrier of significant influence in the
technology aspect is related to the innovation of high-performance technologies (TE1). On the one
hand, the evaluated severity of barriers regarding technology innovation was not as high as the major
barriers in the other aspects, and on the other hand, this barrier was related to the leading technology
solutions. The technology for massive propagation and adoption can be considered mature.

Confronted with multiple barriers of various significance as discussed above, China should first
focus on how to improve the implementation capacity of market stakeholders. Engineering education
as well as re-education or training for the professional staff can be a solution to this barrier. A better
policy design as well as policy implementation can be facilitated by motivating local governments
because there is a great difference of conditions among provinces and cities. Under this context,
the central government should correspondingly enforce the supervision system for local government
in addition to the problematic target responsibility system. Furthermore, the policy implementation
is also affected by various kinds of factors in the policy environment field. A policy design from a
systematic perspective is of greater effectiveness than single incentives.
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