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Abstract

To advance the low-carbon transition in the building sector and tangibly enhance the
quality of the living environment, this study—conducted under the framework Memorandum
of Understanding on the development of cooperation in the field of building energy
efficiency—focuses on a systematic evaluation of user experience in ZEBs. By selecting
demonstration projects spanning China’s four major climate zones and comparing them with
conventional buildings, the research employed a mixed-method approach including
questionnaires, in-depth interviews, and field observations to thoroughly investigate the actual
performance of ZEBs in terms of environmental comfort, energy efficiency, and operation and
maintenance management.

The findings reveal that ZEBs demonstrate significant advantages in indoor environmental
quality, with user satisfaction regarding temperature and humidity stability, air quality, and
natural lighting markedly higher than in conventional buildings. In terms of energy use,
occupants of ZEBs exhibited more rational energy consumption behaviors, and the application
of smart control systems effectively enhanced energy efficiency. Meanwhile, the study also
identified challenges such as the complexity of operational technologies and insufficient
outdoor activity facilities, while confirming that positive user experiences actively promote the
adoption of energy-saving behaviors.

Based on the research results, it is recommended that future large-scale development of
ZEBs prioritize five key areas: technological optimization, policy support, community
integration, public participation, and international cooperation. This study provides an empirical
foundation for the scaled-up development of ZEBs and suggests that continuous long-term
tracking research be carried out to refine relevant systems and mechanisms, thereby enabling

ZEBs in China to play a greater role in the global green building sector.



1. Project Background

1.1 About Sino-Swiss Zero Emission Building (ZEB) Project

In order to jointly respond to global climate change and strengthen the cooperation
between China and Switzerland in the field of emission reduction in the building sector, on 24
November 2020, the Ministry of Housing and Urban-Rural Development of the People's
Republic of China and the Swiss Federal Department of Foreign Affairs (FDFA) signed a
Memorandum of Understanding (MoU) on the development of cooperation in the field of
building energy efficiency. Under the framework of this memorandum, the Swiss Agency for
Development Cooperation (SDC) initiated and funded the Sino-Swiss Zero Emission Building
Project, which aims to support China in developing technical standards for ZEBs and a medium-
and long-term carbon emission reduction roadmap for the construction sector by introducing
Swiss experience and technology, and constructing demonstration projects for ZEBs in different
climatic zones, as well as carrying out a variety of capacity-building activities, which will
ultimately promote the development of a carbon-neutral construction sector in China. The
programme will also carry out various forms of capacity building activities, ultimately promoting

the carbon neutral development of China's construction industry.

1.2 About GDRI

To thoroughly evaluate the differences in user experience between ZEB demonstration
projects and non-green retrofitted buildings (tranditional projects), the intep-skat consortium
of Sino-Swiss ZEB Project commissioned Xiongan Green Development Research Institute
Co.(GDRI), Ltd. to conduct a user experience survey. The aim is to provide support for further
enhancing the design, construction, and management of ZEBs.

GDRI established in November 2017, was among the first companies approved for

establishment in the Xiongan New Area. Founded jointly by Shenzhen Institute of Building



Research Co., Ltd. and China Xiongan Group Co., Ltd., it is an international high-end new-type
think tank operating through innovative enterprise models. Adhering to the positioning of
"rooted in Xiongan, radiating to the Beijing-Tianjin-Hebei region, and serving the nation,” GDRI
provides high-end think tank services and consulting on theories, policies, and technologies
for the planning, construction, and operation of green urban development, committed to

becoming a "catalyst for urban green development.”

1.3 Purpose and Significance of the Study

Current research on ZEBs predominantly focuses on energy-saving and carbon reduction
technologies, while systematic and quantitative analyses remain scarce regarding whether and
how such buildings genuinely enhance user experience, and to what extent. Against this
backdrop, this survey aims to evaluate the actual effectiveness of ZEBs in improving user
experience through a systematically and scientifically designed questionnaire. Furthermore, it
seeks to enhance awareness and disseminate knowledge about ZEBs among users and
operators during the research process, thereby promoting subsequent optimization of ZEB

design and operational strategies from the perspective of user experience.

1.4 Work flow

A multidimensional experience questionnaire was developed through systematic analysis
of mainstream building standards, and ZEBs along with control samples across multiple climate
zones and building types were selected for investigation. Focusing on three key stakeholder
groups—users, operators, and investors—the study employed a combined methodology of
questionnaires and interviews to systematically evaluate the actual performance and promotion
potential of ZEBs.

(1) Questionnaire Development

Through systematic comparison and analysis of existing mainstream building evaluation



standards—including Active House criteria, LEED Zero, the ZEB Technical Standard, and the
Nearly Zero Energy Building Technical Standard—it was found that user experience-related
indicators in current standards primarily focus on indoor environmental parameters, alignment
of building design with user needs, and interaction between the building and its regional
environment. Based on this, the questionnaire for this study emphasized the following aspects:

®Sensory experience inside the building, covering the specific impacts of environmental
factors such as ventilation, daylighting, and acoustics on user comfort;

@Interaction between the building and its users, including whether spatial functions meet
practical needs, as well as the channels and effectiveness of user feedback on building
operation and control mechanisms;

®Relationship between the building and its surrounding area, such as the integrated
effects of external transportation convenience and outdoor microclimate on the overall user
experience.

Additionally, to enhance public awareness and promotion of ZEB concepts, a dedicated
section on ZEB knowledge was included to survey users' basic understanding and awareness
of the advantages of such buildings, thereby increasing public attention and comprehension
of this green building concept. Through the above multidimensional analysis, the questionnaire
can systematically and scientifically assess the actual effectiveness and optimization potential
of ZEBs in terms of user experience.

(2) Project Selection Principles

The selection of research projects adhered to the following principles:

e ZEB samples must cover different climate zones and major building types in China,
and must be completed and officially operational demonstration projects;

e Conventional building control samples must closely correspond to the ZEB
samples in terms of climate zone, floor area, and building functional type to ensure

the scientific validity and effectiveness of the comparative study.



However, during implementation, some initially identified ZEBs were not yet fully
constructed or were unsuitable for research. Accordingly, the project team selected alternative
projects as supplementary samples. These alternative projects not only had to meet national
high-star green building certification or equivalent advanced sustainable building standards,
but their selection in terms of climate zone and building type also needed to structurally
complement areas and types not covered by the demonstration projects. This approach
ensured the overall sample's representativeness in spatial distribution and building typology,
enhancing the comprehensiveness of the research findings.

Based on the above principles, the final selected research projects are as follows:

Tablel List of projects

NO. Project Climate zone Building type
The Second Science and Technology Building
1 of Heilongjiang Province Academy of Cold
Area Building Research Severe Cold Region | Office Building
The headquarters of Heilongjiang Province
2
Academy of Cold Area Building Research
The Xianxi Community Service Center in
3 C it
Xiongan New Area, Hebei ommuny
Cold Region Center+Resident
A The Rongxiang Community Service Center in ial Building
Xiongan New Area, Hebei
Longshanshuyuan Middle School, Shaoxing, Hot Summer and
3 School
Zhejiang Cold Winter Region
Dameisha Vanke Carbon Neutral Hot Summer and
6 Office Park
Experimental Park, Shenzhen Warm Winter




7 Xinhaijialan, Shenzhen Region

Residential

building+Sh
8 Yundingtianhai, Shenzhen uldingrohops

(3) Research Subjects and Key Questions

The design of the questionnaires and interviews centered on three main groups: users,
operators, and investors.

For users, approximately 20 questions were designed in a questionnaire format, focusing
on their overall impressions and detailed experiences, while also soliciting feedback on existing
issues and improvement suggestions.

For operators, interviews were primarily planned to focus on operational practices unique
to ZEBs. These include management systems and training mechanisms, equipment
maintenance and control, differences in daily upkeep, as well as data collection and monitoring,
precise regulation, and the application of smart platforms.

For investors, interviews were also the main method, concentrating on key aspects such as
investment models and cost recovery cycles, construction motivations and reasons, the extent

of top-level policy support, and external publicity strategies.

2. Introduction to Research Findings

The research team collected user experience data through online questionnaires
distributed to occupants of demonstration projects and conventional buildings in Harbin
(Heilongjiang Province), Xiongan New Area (Hebei Province), Shaoxing (Zhejiang Province), and
Shenzhen (Guangdong Province). As of September 16, 2025, a total of 150 valid questionnaires
had been collected (95 from demonstration projects and 55 from conventional buildings). The

questionnaire covered four key aspects: "satisfaction with indoor environment,” "building

operation performance,” "building-surroundings relationship,” and "knowledge of ZEBs."

In terms of overall satisfaction, 56.84% of respondents from demonstration projects



reported being "very satisfied,” while 16.84% were "satisfied." In contrast, 47.27% of respondents
from conventional buildings reported being "very satisfied," and 38.18% were "satisfied.” These
results indicate a significantly higher level of user satisfaction in demonstration projects
compared to conventional buildings.

This section provides a comprehensive analysis integrating questionnaire data, feedback
from interviews, and on-site observations. It also includes a cross-analysis of differences
between demonstration projects and conventional buildings, as well as variations in user
experience across different climate zones and building types. The findings are presented along

the following four dimensions:

2.1 Comparison of Indoor and Outdoor Environmental Comfort

Satisfaction with the indoor environment was assessed across multiple dimensions,
including indoor temperature and humidity, air quality, accessibility facilities, artificial lighting,
natural lighting, natural ventilation, air/water leakage through doors and windows, indoor
greenery, noise levels, building exterior design, and heating season temperature.

The comparative analysis revealed that demonstration projects received significantly
higher ratings than conventional buildings in areas such as indoor temperature and humidity,
air quality, accessibility facilities, natural lighting, natural ventilation, airtightness of doors and
windows, and building exterior design. Meanwhile, they performed slightly better or similarly
in aspects such as artificial lighting, indoor greenery, and noise control.

After accounting for variables like building orientation and regional climate influences, it
is evident that the demonstration projects substantially improved user experience in critical
areas like indoor temperature and humidity, air quality, and building airtightness through the
application of technical measures such as high-efficiency energy-saving doors/windows and

fresh air systems.
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(1) Indoor Temperature and Humidity

In the questionnaire survey on indoor temperature and humidity, 50.53% of users in
demonstration projects reported being "very satisfied,” while 25.26% were "satisfied.” In contrast,
only 30.91% of users in conventional buildings reported being "very satisfied,” with 45.45% being
"satisfied" and 18.18% indicating a "neutral” response.

Through on-site interviews and physical assessments of building interiors, it was found
that demonstration projects effectively optimize the use of natural resources to improve indoor
temperature and humidity conditions through design strategies such as thermal insulation and

shading in the building envelope.

aamannt . gun oan
BOABARAY . _MDan .
ENREE D L PR RN

Bl == UL} femn)nn »

Figure2 Traditional buildings’ facade
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Figure3 Comparison of User Experiences with Indoor Temperature Between the Two Building
Types
Research findings indicate that building quality and environmental comfort are the core
drivers of overall satisfaction. Among users who were "very satisfied" with temperature and
humidity, 95.38% also provided "very satisfied" feedback overall. Conversely, 75% of those who

were "very dissatisfied" with temperature and humidity also expressed overall dissatisfaction.
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Figure4 Cross-Analysis: Satisfaction with Temperature/Humidity vs. Overall Building Satisfaction

(2) Indoor Air Quality and Natural Ventilation

Regarding indoor air quality, 51.58% of users in demonstration projects reported being
"very satisfied,” and 23.16% were "satisfied." In contrast, only 30.91% of users in conventional
buildings reported being "very satisfied,” 38.18% were "satisfied,” and 25.45% indicated a
"neutral” response.

Concerning natural ventilation, 41.05% of users in demonstration projects reported

frequently perceiving natural airflow, while 35.79% perceived it occasionally. For conventional

12



buildings, only 34.55% of users reported frequently perceiving natural airflow, and 40.00%
perceived it occasionally.

Through on-site interviews and physical assessments, it was determined that most
demonstration projects are newly constructed buildings. Their effective improvement in air

quality is attributed to optimized ventilation design and the installation of fresh air systems.

Figure4 Ventilation Openings in Demonstration Projects
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Figure5 Comparison of Perceived Indoor Air Quality Between the Two Building Types

(3) Natural Daylighting

Regarding natural daylighting, 56.84% of users in demonstration projects reported that the
light was "often soft and comfortable,” while 20% described it as "consistently soft and
comfortable.” In contrast, only 30.91% of users in conventional buildings found the light "often
soft and comfortable,” and 23.64% reported that the light was "sometimes glaring.”

On-site interviews and physical walk-throughs revealed that the demonstration projects
employed optimized design strategies—such as skylights and adjustable shading facilities—to

enhance the quality of natural daylighting.
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Figure6 Natural Daylighting Design in Demonstration Projects

(4) Air and Water Leakage through Doors and Windows

In the survey on air and water leakage through doors and windows, 52.63% of users in
demonstration projects reported that leakage "almost never occurs,” while 25.26% considered
it "uncommon.” In conventional buildings, however, only 38.18% of users reported that leakage
"almost never occurs,” and 30.91% deemed it "uncommon.”

On-site interviews and physical assessments revealed that most demonstration projects
are newly constructed and employ doors and windows with superior airtightness. In contrast,
conventional buildings, often older and with longer periods of use, are more susceptible to

such leakage issues.
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Figure7 High-Performance Doors and Windows in Demonstration Projects

(5) Satisfaction Variations Across Climate Zones

The survey covered locations spanning from northern to southern China, specifically
including the Severe Cold Region (Harbin), Cold Region (Xiongan New Area), Hot Summer and
Cold Winter Region (Shaoxing), and Hot Summer and Warm Winter Region (Shenzhen). User
satisfaction with and priorities regarding indoor temperature, humidity, daylighting, and
ventilation varied significantly across regions and building types.

In the Severe Cold Region, users placed high importance on winter thermal insulation and
air humidity. Satisfaction with temperature and humidity in demonstration projects was
significantly higher than in conventional buildings.

In the Cold Region, users valued both winter insulation and summer thermal mitigation,
with high expectations for natural comfort during transitional seasons.

In the Hot Summer and Cold Winter Region, the dual needs of winter heating and summer
cooling/dehumidification were the primary concerns. Issues of high energy consumption and
significant indoor environmental fluctuations were commonly reported.
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In the Hot Summer and Warm Winter Region, users strongly focused on efficient summer
cooling and dehumidification, demanded high shading and insulation performance, and had
minimal requirements for winter heating.

Regarding daylighting, northern regions prioritized maximizing winter sunlight exposure,
while southern regions emphasized shading and glare prevention. For ventilation, the north
focused on airtightness to prevent cold drafts in winter, whereas the south emphasized natural

ventilation to facilitate heat dissipation and moisture removal.

2.2 Comparison of Building Energy Efficiency and Economic Performance

The questionnaire on building energy efficiency and economic performance covered
multiple dimensions, including: "air conditioning control methods, heating control methods,
tasks undertaken by operators, user problem reporting, issues encountered compared to
conventional buildings, differences in operational costs, and building attractiveness to users."
A comparative analysis revealed the following findings:

(1) Regarding Energy Usage

Air Conditioning Usage Duration: In demonstration projects, 60% of users reported
operating air conditioning for 5-8 hours daily during summer. In conventional buildings, 46.15%
of users fell within the same range, while 30.77% reported usage of 16—20 hours. This indicates
superior energy-saving performance and reduced reliance on air conditioning in
demonstration projects, attributable to their enhanced insulation capabilities.

Air Conditioning Control Methods: In demonstration projects, 51.35% of users controlled
operation and temperature via room-level switches. In conventional buildings, only 34.38% had
this level of control.

Heating Control Methods: In demonstration projects, 35.14% of users regulated
temperature through room-level valves, while 21.62% utilized smart controls that automatically

adjust based on sensor data. Conversely, in conventional buildings, 40.63% of users were subject

16



to centralized municipal control with no individual adjustment capability, and only 21.88% could
control heating via room-level valves.

This disparity stems from the fact that most demonstration projects are newer
constructions equipped with room-level controls for responsive temperature adjustment,
whereas conventional buildings often rely on centralized municipal heating systems that limit
user autonomy. Overall, demonstration projects show significantly higher proportions of user-
adjustable and smart controls for both air conditioning and heating.

Demonstration projects outperform conventional buildings in energy usage. For winter
heating, they utilize air-source heat pumps, graphene-based radiant floor heating, and
geothermal resources to reduce dependence on traditional municipal gas heating, which
remains the standard for conventional buildings in northern China.

Notable differences in energy management exist between demonstration projects
dominated by public buildings and those primarily comprising residential buildings. Public
building-focused projects benefit from single ownership and clear management
responsibilities, enabling the consistent implementation of photovoltaic energy storage
systems and unified energy management platforms for highly efficient and precise energy

control.
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Figure8 HVAC and Control Systems in Demonstration Projects

(2) Regarding Energy Costs

Electricity Expenses: In demonstration projects, 31.43% of users reported monthly
electricity bills under ¥100, while 77.14% fell under ¥200. In conventional buildings, the
corresponding figures were 31.58% and 63.16%.

Gas Expenses: For demonstration projects, approximately 54.29% of users reported
monthly gas costs under ¥100, and about 77.15% under ¥200. In conventional buildings, these
figures were approximately 44.74% and 96.05% respectively.

The data indicates a slight advantage in electricity costs for demonstration projects,
though the difference is not pronounced. This may be attributed to their superior insulation,
which reduces energy demand for heating and cooling.

Impact of Building Type: Building type significantly influences air conditioning and
heating usage. Among residential buildings, 30.77% of users reported average daily air
conditioning use of 16—20 hours during summer—significantly higher than in campus or office
buildings. Additionally, the proportion of residential users reporting feeling "too cold" or "cold"

18



during winter was notably lower compared to occupants of office-type buildings.
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Figure9 Statistics on Air Conditioning Usage Duration by Building Type During Summer
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2.3 Comparison of Building Operation, Maintenance, and Sustainability

Analysis of questionnaires administered to building operation and maintenance staff
revealed that the primary challenges faced in demonstration projects are concentrated in two

areas: insufficient knowledge base for applying new technologies and higher operational costs,
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each reported by 50% of respondents.

When compared to conventional buildings, 50% of operational staff indicated that the
operational costs of ZEBs had decreased, with energy costs showing the most significant
reduction.

Although demonstration projects exhibit lower operational costs than conventional
buildings, operational teams continue to face challenges related to inadequate technical

knowledge and a lack of practical experience in applying new technologies.

2.4 User Satisfaction and Feedback

(1) Issue Reporting Status

Analysis of questionnaire surveys administered to building operation and maintenance
staff revealed that in demonstration projects, user-reported issues primarily focused on facility
repairs, maintenance, and comfort problems, accounting for 50% of feedback. In contrast, users
of conventional buildings primarily reported safety concerns along with facility repair and

maintenance issues, which constituted 60% of their feedback.

0% 25% 20%
25% 0% -
0% 60%

50% 50% 0%

25%
blem
r, maintenance problems

transparency and reasonablen...
ence from external |i..
=) Space and facility usage issues (e.g. need gu...

60%
oblem
air, maintenance problems

bill issues (e.g. transparency and reasonablen...
mfort issues (e.g. interference from external l..
Space and facility usage issues (e.g. need gu...

Figurell Comparison of Major Issues in Building Operation and

Maintenance

Indoor Environment: Users of conventional buildings in northern regions commonly

reported low temperatures in corner rooms during winter, stuffiness in south-facing rooms

during summer, and occasional noise disturbances.



Building Operation: Some users in demonstration projects noted that equipment
operation is complex and requires guidance, while also expressing concerns about data security
and privacy protection.

Outdoor Environment and Activity Spaces: Certain conventional buildings face issues
such as lack of vehicle-pedestrian separation, cramped spaces, and insufficient amenities.

Interviews with operators highlighted the following challenges:

Complexity of technical system maintenance: Specialized equipment is difficult
to maintain, requiring highly skilled personnel, yet systematic professional
training is currently lacking.

Insufficient adaptability of certain technologies to local conditions: For instance,
in severe cold regions, fresh air heat recovery systems exhibit high energy
consumption and low efficiency, while photovoltaic systems have short
effective power generation hours due to a lack of localized research and
validation for low-carbon technologies.

Underutilization of data systems: Installed monitoring facilities (e.g., sub-
metering) have not been effectively leveraged for refined management, and
the high cost of on-site data validation hinders widespread implementation.
Aging issues in conventional buildings: Problems such as aging electrical
circuits and pipelines, water leakage, and mold growth on walls during heating
seasons are common. Most of these buildings can only undergo routine
maintenance as they fall outside the scope of major retrofits.
Misunderstandings about new technologies: Some residents hold
misconceptions about technologies like photovoltaics (e.g., concerns about
electromagnetic radiation), leading to low cooperation and increased

operational difficulties.
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In the investment and promotion of ZEBs, investors face multiple challenges:
Extended payback periods: High incremental costs required to meet ultra-low
or zero-carbon energy standards result in cost recovery periods far exceeding
market expectations (e.g., over 25 years in Harbin, 8-10 years for energy
storage projects in Shenzhen), significantly dampening investment motivation.
Inadequate policy support systems: Existing subsidies offer limited support for
systematic ZEB construction, favoring single energy-saving measures (e.g.,
insulation retrofits, window replacements) instead. The absence of long-term
stable policy signals further increases uncertainty.

Mismatch in green financial products: Financial products typically have terms
of around 3 years, far shorter than the actual return period of technological
investments, hindering large-scale application.

Carbon market mechanisms misaligned with actual needs: Despite general
optimism about the future market potential of ZEBs, the current real estate
downturn, coupled with limited client funding and insufficient policy subsidies,
makes large-scale promotion difficult. Without specific policy requirements,
investors are often reluctant to commit to incremental costs.

Challenges in scaling demonstration projects: While such projects have strong
promotional value and attract visits from governments, schools, and research
institutions, achieving large-scale replication requires stronger industrial chain
collaboration and clearer, sustainable business models.

(2) Comparison of Building Attractiveness to Users

Over half of the surveyed individuals recognized the demonstration projects for their high

comfort level for living or use (55.68%) and their low-carbon, sustainable living environment
(53.41%). Additionally, 40.91% of respondents believed these projects possess a positive social

image. These two factors were significantly more prominent than other options, indicating that
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users place dual importance on both fundamental functionality and environmental attributes.
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Figurel2 User Perceptions of Building Attractiveness

(3) Comparison of Buildings and Their Surrounding Environment

The questionnaire covered aspects such as: "availability of bus stops and service facilities
within a 5-minute walk, activities feasible around the building and their reasons, outdoor
greenery, outdoor shading, and outdoor ventilation."

Both building types showed similar access to public transport and nearby service facilities.
However, traditional buildings demonstrated significantly better accessibility to outdoor sports

facilities (60% vs. 48.42%) and health services (45.45% vs. 28.42%) compared to demonstration

Kindergarten  Health service e Convenient  Hom..tion  Outdoor sports Other, please Kindergarten  Health service  Cultural
station  activity station  commercial ground specify station  activity station
point

Hom.sion Outdoor ports _ Othr, p\ ease
ground

100 100
80% 76.36%
75 75
s 842% s0 45.45%
38.95% 38.18% 38.18%
zuz% 27 37%
25 20% 25
727%
. 421% 1.82%
0 — o
-} ,s SREUS  ESAERS DiEaBe e, e YA DaREs SUENRE . Eiﬁ%% miEwme R, g
o
al
i

Figure1l3 Comparative Analysis of Surrounding Service Facilities Between the Two Building Types

Outdoor Activities: Users of both building types commonly engaged in conversations,
leisure/fitness activities, and solitary sitting. Traditional buildings showed slightly higher

participation rates in these activities (conversations: 74.55%, leisure/fitness: 67.27%, solitary
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sitting: 69.09%), while the corresponding rates for demonstration projects were 64.21%, 61.05%,
and 51.58%.

Primary Obstacles to Outdoor Activities: For demonstration projects, 72.22% of users
cited "lack of interactive recreational facilities,” 44.44% reported "insufficient shading and rain
shelters,” and 33.33% indicated "insufficient seating" and "unappealing or noisy environments.”

In contrast, users of traditional buildings universally (100%) reported issues with "lack of
interactive recreational facilities, mixed pedestrian-vehicle traffic, insufficient shading and rain
shelters, and lack of private spaces.” Additionally, 50% of users cited "cramped spaces” and

"insufficient seating" as concerns.
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Figure1l4 Comparative Analysis of Feasible Outdoor Activities Between the Two Building Types
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Figurel5 Analysis of Obstacles to Outdoor Activities in the Two Building Types
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Figurel6 Analysis of Motivations for Outdoor Activities in the Two Building Types

Greenery: A majority of users in both building types expressed that greenery needs
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enhancement (27.37% in demonstration projects vs. 29.09% in traditional buildings). However,
29.09% of users in traditional buildings believed that "more greenery could improve aesthetics,”
while 21.05% in demonstration projects considered the existing greenery "both aesthetically
pleasing and comfortable.”

Shading: Regarding shading perception, 36.84% of users in demonstration projects
reported "occasionally intense sunlight,” and 30.53% found it "comfortable most of the time."
In traditional buildings, 40.00% reported "occasionally intense sunlight,” and 36.36% perceived
conditions as "comfortable most of the time."

Ventilation: Acceptance of wind conditions was similar between the two building types,
with 32.63% of users in demonstration projects and 41.82% in traditional buildings considering
wind speed acceptable.

(4) Level of ZEB Awareness

Regarding the public awareness of ZEBs, over half of the respondents possess only a vague
understanding. Specifically, 50.91% have heard of the concept but lack detailed knowledge.
Combined with the 9.09% who are entirely unfamiliar with it, this indicates a significant

knowledge gap among the general public.

9.09%

40%

50.91%

FE, TREHAESFFER Know, understand what is ZEB
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25



Figure 17 Awareness of ZEBs

Regarding the perceived features of ZEBs, users of demonstration projects showed
stronger recognition of their advantages in areas such as low-carbon recyclable materials
(47.37%), natural ventilation conditions (37.89%), temperature and humidity comfort (33.68%),
and lower energy costs (31.58%). Furthermore, 32.63% of these users expressed willingness to
proactively adopt energy-saving behaviors.

Concerning the perceived significance of ZEBs, users of demonstration projects prioritized
their role in guiding the building industry toward low-carbon transition (67.37%) and enhancing
comfort (71.58%). In contrast, users of traditional buildings placed greater emphasis on

improved comfort (72.73%), higher energy efficiency (58.18%), and emission reduction (56.36%).

40
35.79%
ST 0

50.91%

23.16% 40%

3.16% 9.05%

A, FBEAMES Vs, | AE, TRHASSERR 08, FTRHASSERRA 8  ETRILSSERR . TRALSSHRR Know,u
h. Yes, lun No, I don't No, but | " nderstand what is

e RITSEIFHERIA Have not heard of
hat is ZEB Ze8

ave es, lu , | don' 3
heard of the concept. derstand what a ZEB is. understand what a ZEB is. understand what a ZEB is.

Figure 18 Comparison of Green Building Understanding Between Users of the Two Building
Types
The perception of ZEBs' significance is notably influenced by firsthand experience, with
comfort and energy efficiency being core concerns. Enhancing living comfort is perceived as
the most central value of ZEBs. 72.73% of respondents ranked improved comfort as the primary
benefit, a proportion that rises to 76%-82.35% among those highly satisfied with temperature

and humidity, indicating that positive real-world experiences reinforce this perception.
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Figure 19 User Perceptions of the Significance of ZEBs

(5) Suggestions for Building Improvement

Optimizing environmental comfort emerged as the core demand for building
improvements. Specific aspects including daylighting, shading, ventilation, and acoustic
comfort were identified as the primary needs for enhancement. This option was selected by
56.36% of respondents, significantly surpassing all other improvement directions, indicating that
environmental comfort is the most prominent shortcoming in current buildings. It is
recommended to prioritize the optimization of building envelope design and equipment
system configuration.
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Figure 20 User Suggestions for Building Improvement

A positive correlation exists between building environmental quality and the adoption of
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energy-saving behaviors, highlighting the need to enhance spatial experience design. A
significant association was observed between the experience of using green buildings and
changes in energy-saving behaviors. The proportion of individuals who proactively adopt
energy-saving practices increases with higher satisfaction levels regarding temperature and
humidity. Notably, 39.58% of the "very satisfied" group reported significant behavioral changes,
compared to only 25% in the "dissatisfied" group. It is recommended to strengthen energy-

saving awareness by optimizing indoor environmental comfort.
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Figure 21 Relationship Between Satisfaction with ZEBs and Adoption of Energy-Saving Behaviors

2.5 Research Conclusions

This study fully demonstrates that ZEBs exhibit significant advantages in enhancing user
experience, primarily reflected in the following aspects:

(1) ZEBs Significantly Improve Indoor Environmental Comfort and User Satisfaction

ZEBs demonstrate systematic advantages in indoor environmental quality, performing
exceptionally well across core dimensions such as temperature and humidity stability, air quality,
natural daylighting, natural ventilation, and door/window airtightness.

Survey data indicate that over 56.84% of users in demonstration projects reported being

"very satisfied" with the overall indoor environment—significantly higher than the 47.27% in

28



conventional buildings—confirming their practical effectiveness in enhancing user comfort.

In terms of temperature and humidity, ZEBs achieve precise regulation of the indoor
thermal environment by integrating high-performance building envelopes, intelligent control
systems, and passive design strategies.

Regarding air quality, through efficient fresh air systems and optimized natural ventilation
design, ZEBs effectively control indoor CO, concentrations and pollutant levels. Data show that
51.58% of users in demonstration projects expressed being "very satisfied" with air quality—
nearly 21 percentage points higher than in conventional buildings—highlighting their
outstanding performance in creating a healthy environment.

In natural daylighting and ventilation, ZEBs utilize skylights, adjustable shading, and
optimized ventilation openings to ensure ample natural light while avoiding glare issues.

For door and window performance, demonstration projects employ high-performance
systems with significantly improved airtightness and thermal insulation. Notably, user
satisfaction with winter thermal performance improved most markedly in cold climates. This
can be attributed to technical measures such as composite insulation systems, detailed thermal
bridge treatment, and high-efficiency window assemblies adopted in ZEBs. These effectively
address common issues in conventional buildings, such as large indoor temperature variations
and high energy consumption during winter, fully demonstrating the technical adaptability and
reliability of ZEBs under extreme climate conditions.

(2) Significant Energy-Saving Effects and More Rational and Intelligent Energy Usage

Behavior

ZEBs demonstrate notable advantages in energy efficiency and energy usage patterns. In
terms of building performance, the synergistic application of high-efficiency envelope
structures and renewable energy systems substantially reduces baseline energy demand. In
demonstration projects, 60% of users reported concentrated summer air conditioning usage of

5-8 hours per day—nearly 14 percentage points higher than in conventional buildings—
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reflecting an optimization of energy use patterns resulting from improved thermal performance.

Regarding energy regulation experience, over half of the users in demonstration projects
can autonomously adjust indoor air conditioning temperatures. Smart control systems not only
grant users greater autonomy but also enable precise management.

From an economic perspective, 77.14% of users in demonstration projects maintained
monthly electricity bills within ¥200, significantly outperforming users of conventional buildings.
This economic benefit further reinforces users' willingness to conserve energy.

It is noteworthy that energy-saving outcomes exhibit distinct characteristics across
different climate zones. Northern projects significantly reduce heating energy consumption
through enhanced insulation and utilization of renewable energy, while southern projects
effectively lower cooling demand by integrating shading, ventilation, and high-efficiency air
conditioning. Such region-specific technical pathways not only ensure energy-saving effects
but also enhance regional adaptability, providing important references for the promotion of
ZEB technologies.

(3) Outdoor Environment and Community Functions Still Have Room for Optimization

The research reveals that ZEBs exhibit a noticeable tendency of "prioritizing indoor spaces
over outdoor environments,” with significant room for improvement in community-level
interactivity and service functions.

Although users highly praised the physical comfort of the indoor environment, their
satisfaction with outdoor activity spaces was generally low. Data indicate that over 72% of users
in demonstration projects cited a "lack of interactive recreational facilities," while 44% reported
"insufficient shading and rain shelters.” In contrast, traditional buildings performed better in
terms of accessibility to outdoor sports areas (traditional 60% vs. ZEBs 48%) and health services
(traditional 45% vs. ZEBs 28%), directly impacting users' overall community living experience.

This contrast reflects, to some extent, that current ZEB efforts are predominantly focused

on energy-saving technologies for the building itself and the indoor environment, lacking
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systematic consideration within the broader community ecosystem. The strong user desire for
increased greenery, improved recreational facilities, and enriched community functions
represents a higher-level demand for "better living."

(4) Operation and Maintenance Management Faces New Technical Challenges, but

Initial Long-Term Benefits Are Emerging

At the operational and maintenance level, ZEBs are undergoing growing pains in the
transition from traditional models to smart operation, exhibiting typical characteristics of
simultaneous short-term challenges and long-term benefits.

Survey data indicate that approximately 50% of operators reported significant reductions
in energy costs for demonstration projects, confirming the economic advantages of zero-
carbon technologies in long-term operation. However, operational teams face systemic
challenges in practice. New systems such as integrated energy management systems,
photovoltaic energy storage equipment, and intelligent control platforms demand updated
professional knowledge structures from maintenance personnel.

Unlike conventional buildings, where the focus is primarily on addressing fundamental
issues like equipment aging, pipeline leakage, and electrical circuit risks, the difficulties in
operating and maintaining ZEBs concentrate more on soft skills—specifically, the ability to
understand, analyze, and optimize complex technical systems. Notably, this challenge marks
an inevitable stage in the transformation and upgrading of the building operations sector from
labor-intensive to technology-intensive.

(5) Positive Correlation Between User Experience and Energy-Saving Behavior, But

Awareness Still Needs Improvement

This study reveals that user experience serves as the intrinsic driver for adopting energy-
saving behaviors. Data analysis shows that among users highly satisfied with indoor
temperature and humidity, 39.58% have proactively developed energy-saving habits—a rate

significantly higher than the 25% observed among dissatisfied users. This gap indicates that
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when users personally experience a stable and comfortable indoor environment, energy
conservation becomes a conscious action to maintain their quality of life. This provides a solid
behavioral foundation for promoting zero-carbon concepts, demonstrating that enhancing
user experience does not increase energy consumption but is instead the most effective way
to encourage behavioral energy savings.

Currently, over 60% of respondents possess only a vague awareness of ZEBs, having merely
"heard of the concept,” highlighting a significant knowledge gap. However, users of
demonstration projects are better able to appreciate the core value of ZEBs in areas such as

"enhancing comfort,” "reducing energy costs,” and "using eco-friendly materials.” This shift in
perception—from abstract concept to tangible benefits—shows that firsthand user experience
is the most effective way to break down cognitive barriers and connect macro-level low-carbon
goals with micro-level personal well-being.

(6) Market Incentives and Systematic Collaboration Require Further Development

Within the current policy framework, national-level guidance documents have established
a strategic direction for green and low-carbon development in the building sector, providing
clear top-level guidance for industry transformation. However, at the local implementation
level, some regions still lack effective incentives directly linked to economic returns, leading to
prevalent market wait-and-see attitudes and insufficient participation of social capital.

The research finds that ZEBs are currently primarily driven by government investment or
leading real estate developers, with investment motivations focusing more on policy
compliance and brand image building than on forming a broad market-based investment
landscape. The main obstacle restricting social capital investment is the economic return
model—the payback period for incremental investments in ZEBs far exceeds market
expectations. Meanwhile, existing green financial products typically have terms of only 3-5

years, creating a serious mismatch with actual project return cycles and further limiting large-

scale capital inflow.

32



On the market supply side, while a number of specialized technical suppliers have emerged
in areas such as high-performance materials, renewable energy, and intelligent controls, the
current cooperation model remains centered on supplying individual technological products.
There is a lack of integrated service providers capable of delivering comprehensive solutions
oriented towards end-user experience and overall energy efficiency. This situation increases
project management costs for owners and further constrains the overall performance
optimization of ZEBs.

It should be noted that this survey has certain limitations:

First, regarding sample size, a total of 150 valid questionnaires were collected. The overall
sample size is limited, which may affect the representativeness and stability of some statistical
results.

Second, in terms of project selection, some originally planned demonstration projects were
either not yet completed or unsuitable for surveying. Consequently, alternative projects
meeting high-star green building standards were used in the actual research. This may, to some
extent, weaken the typical representation of zero-carbon features.

Furthermore, regarding data completeness, most demonstration projects have been
recently operational and have not yet undergone a full climatic cycle of operational testing.
There is a lack of long-term operational data and systematic performance tracking; therefore,
some conclusions remain preliminary and require ongoing observation and verification.

In summary, ZEBs, through the deep integration of technology and behavior, achieve
quantifiable energy savings while simultaneously fostering a social atmosphere of rational
energy use. They provide a technically feasible, economically viable, and user-approved
implementation pathway for the industry's low-carbon transition. Promoting ZEBs is both a
technological revolution and a reshaping of cognition and behavior. Future efforts should
transcend mere technical advocacy and focus on creating more perceptible, experiential, high-

quality architectural spaces, thereby transforming green and low-carbon concepts from
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abstract ideas into a widely understood and actively pursued way of life.

3. Recommendations for Next Steps

Based on the findings of this research, the project team proposes that the future scaled
development and quality enhancement of ZEBs should focus on the following key areas:

(1) Strengthen Technological Innovation and System Optimization to Enhance Overall

Building Performance

Advance innovation in ZEB technology systems, focusing on key areas such as high-
performance building envelopes, smart energy management systems, and the efficient
utilization of renewable energy. Continue to promote technological innovation aimed at
improving indoor environmental comfort in ZEBs, with emphasis on optimizing natural
daylighting and ventilation system design. By fostering synergistic operation and holistic
optimization among various systems, establish a user-experience-centric ZEB technology
system that prioritizes both energy efficiency and spatial comfort.

(2) Establish Differentiated Technological Pathways to Promote Climate- and Human-

Oriented Development

Develop more refined, regionally adaptive technological pathways tailored to the
characteristics of different climate zones. Strengthen technology verification and performance
evaluation based on regional climate features, and establish technology applicability evaluation
systems for different climate zones to avoid the simplistic replication of technical solutions.

Simultaneously, incorporate users' regional cultural habits into technology localization
considerations. When selecting technical solutions, consider both climatic characteristics and
fully respect local users' living habits and comfort perceptions. This ensures the technical
performance of buildings under specific climate conditions while meeting the practical needs
of users in different regions, achieving simultaneous improvement in technology applicability

and user satisfaction.
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(3) Improve the Policy System and Market Mechanisms to Build an Industrial

Development Ecosystem

Enhance policy incentives, innovatively employ diverse support measures such as financial
subsidies, tax incentives, rental subsidies, and floor area ratio bonuses to support the scaled
development of ZEBs. Promote deep integration of industry, academia, research, and
application to build a complete industrial chain ecosystem. Foster emerging service markets
and promote professional service models like energy cost trusteeship, carbon asset
management, and smart operation and maintenance. Drive innovation in green financial
products and broaden project financing channels.

(4) Strengthen Public Participation and Build an Integrated Community Development

Model

Gradually advance ZEBs from excelling in individual building performance towards
integrated building-community-culture development. Establish user feedback mechanisms to
continuously optimize building functional design and operational services. Conduct diverse
promotional activities to showcase the advantages of ZEBs in improving quality of life and
reducing energy costs, thereby enhancing public recognition and participation, and promoting
the adoption of green, low-carbon lifestyles.

At the community level, extend the zero-carbon concept from inside buildings to
community public spaces. Strengthen the integrated design of grey and green infrastructure,
and foster an all-age-friendly community atmosphere. Through scientific site layout and
vegetation configuration, guide natural ventilation, improve the local microclimate, and create
sustainable communities that integrate low-carbon features, comfort, and livability.

(5) Deepen International Cooperation and Win-Win Development to Jointly Build a

Global ZEB Development System

Integrate green, low-carbon concepts with regional cultural characteristics to develop

ZEBs with local cultural connotations. Actively participate in international ZEB standard setting
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and technical exchanges, extensively learn from advanced international experience, and
demonstrate China's achievements in ZEB development through the construction of
international demonstration projects, thereby promoting global sharing and collaborative
progress in green building technologies.

Through the thorough implementation of the above systematic measures, a more
favorable innovation environment, policy environment, and market environment will be created
for the development of ZEBs. This will facilitate their transition from pilot demonstrations to
scaled promotion, making a greater contribution to building a green, low-carbon living

environment and driving the transformation and upgrading of the building sector.

Appendix 1: Survey Record - Harbin

Appendix 2: Survey Record - Xiongan New Area

Appendix 3: Survey Record - Shaoxing

Appendix 4: Survey Record - Shenzhen

Appendix 5: Interview Outline for Discussions
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4. Appendix 1:

Survey Record — Harbin
From December 8 to 10, 2024, the research team conducted a survey in Harbin. The projects
investigated included the Second Technology Building Renovation Project into a ZEB
(Demonstration Project) of the Heilongjiang Provincial Cold Region Building Research Institute, and
the main office building of the same institute (Traditional Building). Additionally, the Sino-German

Eco-Tech Town project was visited on-site as a supplementary case study for ZEB demonstration.

1. Project Introduction

(1) Heilongjiang Provincial Cold Region Building Research Institute

The Second Technology Building of the Heilongjiang Provincial Cold Region Building Research
Institute has a total floor area of 8,657.28 square meters (above-ground: 7,340.72 sq m; below-ground:
1,316.56 sq m). The building has 7 above-ground floors (with a partial mezzanine) and 1 underground
floor. The total investment for the renovation was 19.986 million RMB. Originally constructed in
1995 and previously affiliated with the Highway Development Center under the Heilongjiang
Provincial Department of Transport, the building was later converted into a hotel. Post-renovation, its
functions now include office space, scientific research, and demonstration. The renovation
construction started in October 2022, and occupancy for office use began progressively after March
2024. The investor, operator, and user is the Heilongjiang Provincial Cold Region Building Research

Institute.
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Figure 1: Building Facade of the Heilongjiang Cold Region Building Research
Institute

To achieve the ultra-low energy consumption target, the project primarily employs various forms
of external wall insulation systems, high-insulation windows suited to the local environment, efficient
heating and fresh air systems, and renewable energy utilization technologies. The project is not
connected to the municipal heating network; instead, heating energy during winter is provided by a
combined air-source heat pump system and an electric boiler thermal storage system. Renewable
energy utilization is enhanced through the combined use of solar PV panels and cadmium telluride
(CdTe) photovoltaic glass, forming an auxiliary energy supply. Specifically, the rooftop solar PV
system generates approximately 80 kWh per day in winter and around 200 kWh per day in
spring/autumn. The exterior features 20 CdTe photovoltaic glass panels and 8§ battery storage units,
currently providing trial power supply for lighting on the first floor, generating about 10 kWh per day
in winter. The project includes a building monitoring platform capable of tracking aspects such as the
building structure, outdoor and indoor environment (temperature, humidity, CO2 concentration, etc.),
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building energy efficiency (heating supply, cooling supply, heat consumption), and it also performs

carbon emission calculations and energy-saving analysis.
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Figure 2: Schematic Diagram of the Air-Source Heat Pump and Electric Boiler

Thermal Storage System

Figure 3: Temperature Sensors Installed to Monitor Temperatures at Different Points
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on the Glass

(2) Main Office Building of Heilongjiang Provincial Cold Region Building Research

Institute

The main office building of the Heilongjiang Provincial Cold Region Building Research Institute

has a total floor area of 2,910 square meters, expanding to approximately 5,000 square meters when

including laboratory equipment. The building is over 35 years old, featuring brick-concrete structure

with four above-ground floors. Its exterior walls consist of 240mm thick red brick. In 2019, triple-

pane double-cavity windows and LED lighting were installed as the only energy efficiency

improvements, with no other energy-saving facilities added. The building functions as an office space,

currently accommodating about 150 staff, including inspection personnel.

Figure 4: Main Entrance of the Building
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Figure 5: Interior Corridor of the Building
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Figure 6: Rear Courtyard of the Building
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(3) Sino-German Eco-Tech Town

The Sino-German Eco-Tech Town project is located in Songbei District, Harbin. Developed

through collaboration between Harbin New Area, the German Energy Agency (dena), and the Chinese

Ministry of Housing and Urban-Rural Development, the project spans a total site area of 200,000

square meters. The first phase covers 66,000 square meters with a total floor area of 100,000 square

meters, comprising approximately 56,000 square meters of ultra-low energy consumption buildings

(residential) and 44,000 square meters of low-energy consumption buildings (exhibition center,

offices). Construction of the first phase commenced in 2019 and was fully completed in 2022. The

project was invested in and constructed by Haoning Construction Technology Co., Ltd., with Harbin

Haiping Hi-Tech Property Co., Ltd. responsible for implementation and development. With a total

investment of approximately 700 million RMB, it is the first passive ultra-low energy consumption

building industrial park project in China's severe cold region.

The buildings within the project employ four major systems: high-performance external wall

insulation, passive energy-saving doors and windows, mechanical ventilation with heat recovery

systems, and new energy heating systems. The project is not connected to the municipal heating

network. For heating, the exhibition center and office buildings utilize air-source heat pumps, while

the residential buildings use graphene electric heating films. The heating costs are approximately half

of those associated with conventional municipal heating.
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Figure 7: Sand Table Model of the Project's First Phase

Figure 8: Service Center of the Sino-German Eco-Tech Town
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Figure 10: External Wall Insulation Material
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Figure 11: Energy-Saving Door and Window System

2. Interview Records

(1) Discussions with Operators

The project team held discussions with the operators of the three projects regarding areas such
as division of operational responsibilities, operational data, user feedback, and operational problems
and challenges.

Division of Responsibilities: Both the demonstration and traditional buildings reported that
office administration is responsible for ensuring normal project operation and use, including paying
energy bills, and maintaining equipment and the building itself, while property management handles
services like sanitation, security, and cleaning.

Operational Data: The primary energy expenditure for all three projects is electricity costs.
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Notably, the demonstration project is not yet connected to the municipal heating network and uses

air-source heat pumps and electric boilers for heating. The equivalent heating cost based on electricity

consumption is approximately half that of conventional heating methods.

User Feedback: Users of the traditional building reported the most issues, including cold corner

rooms during the heating season, stuffiness in south-facing rooms at noon during summer, and

occasional external noise.

Operational Problems and Challenges: Key issues reported for the demonstration project

primarily involve the high specialization and complexity of equipment maintenance, necessitating

professional training. For the residential buildings, challenges include the immaturity of heat recovery

ventilation technology in severe cold regions, leading to high preheating energy consumption, and

the inability of the indoor fresh air system to regulate humidity, resulting in dry indoor air during the

heating season. Main issues reported for the traditional building include aging electrical circuits and

pipelines, water leakage, and mold growth on walls caused by leaks during the heating season.

Regarding the demonstration project, users identified its main comfort advantages as better

thermal insulation, effective soundproofing, and the high practicality of the fresh air system in winter.

Operators attributed energy savings and carbon reduction primarily to three aspects: the building

envelope, daily operations, and user behavior. A better insulated building envelope lowers heating

energy consumption. In daily operations, setting temperature thresholds allows for automatic

equipment control, and reasonably adjusting these thresholds based on outdoor temperatures reduces

energy waste. Regarding user behavior, habits such as turning off lights when not needed and avoiding
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unnecessary air conditioning use also contribute to building energy savings and carbon reduction.
(2) Discussions with Investors

For investors, the project team primarily interviewed them on four topics: the payback period

for ZEBs, top-level policy support, future market potential, and corporate promotion.

Payback Period for ZEBs: The total investment for the demonstration project was 19.986

million RMB, with an incremental cost of 5-6 million RMB specifically to meet the ultra-low energy

consumption building requirements. Considering the investments in solar PV and air-source heat

pump equipment alongside the energy cost savings, the estimated annual cost recovery is around

200,000 RMB, resulting in a payback period exceeding 25 years.

Top-Level Policy Support: Heilongjiang Province has currently issued the "Several Policy

Measures to Support the Development of the Ultra-Low Energy Consumption Building Industry."

Demonstration projects can receive subsidies of up to 300 RMB/square meter, while residential

buildings within the Sino-German Eco-Tech Town can receive subsidies of up to 600 RMB/square

meter and a 10% floor area ratio bonus.

Future Market Potential: Investors in the demonstration project believe there is future market

potential for ZEBs and retrofits to ultra-low energy consumption standards. However, constrained by

factors like insufficient top-level policy subsidies and limited client funding, clients tend to prioritize

measures such as adding insulation layers or replacing windows with high-efficiency ones to improve

comfort, rather than undertaking retrofits specifically aimed at achieving ultra-low energy

consumption building standards.
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Corporate Promotion: Both the demonstration project and the Sino-German Eco-Tech Town

reported that their demonstration projects benefit corporate promotion and branding, attracting visits

or cooperation from various entities including government departments, schools, construction

companies, and research associations.

Figure 12: Survey Photos

3.Questionnaire results in Harbin
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(1) Satisfaction with Indoor Environment

Including: floor level, temperature and humidity, air quality, accessibility facilities, artificial

indoor lighting, natural lighting, natural ventilation, air/water leakage through doors and windows,
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indoor greenery, noise levels, building exterior appearance, and heating season temperature.
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dissatisfied Dissatisfied satisfied
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Accessibil

oo 40 37.04% 37.04%
85.
i
ty 75 30
25.93%
Facilities
50 20
25 10
0% 0% 5.88% 8.82%
0% 0%
P e [ | || . T
FEETEE Very TE= —&% Average BE Satisfied FEEF ERTES Very &= Dissatisfied —£& Average EE Satisfied 3EEFEE Very satisfied
dissatisfied Dissatisfied satig dissatisfied
Lighting
i oot | TVERBLFFT Need tokeep the igh
the lights on almost all day long 20.59% ::aﬁao:‘e:lltd:y'a;gs 5%
SFEEZESFH Need to turn P X

on the light often du;ang itmh: 11.76% light often during the daytime 29.63%
SFREEEFTIT Sometimes )
need to turn on lights during [ 35.2|  =FFTEEFA Sometimes need ot

the day
SX—RAEFTLT Usually no

need to turn on lights during

I 26.47%

on lights during the day

SFE—8REFHT Usually no need to tum
on lights during the day

the day
FRFHAT No need to turn 0';,";‘9 10% FEFHT No need to tum on the light [ 3.7%
ight
AARE | don't pay much AASSE | don't pay much attention toit. | 0%
attention to it. I 2.94% 1
1 1
0 10 20 20 40 0 5 0 5 20 25 30 35 40
Natural
SUEEREBBITE The light nthe room | 0.,
is often and particularly harsh FEHERERFHFIER The light in the room
. . e aften and particularty haren I 3.7%
Li ghtlng HEEEERIER Often harsh indoor light [l 2.94%
S5EEBFIER Often harsh indoor light || 0%
HAEREITIR Someiimes harh indocr e 14 7150
ight g
F¢EEERIRIER Sometimes harsh indoor
. ot . one I, 22.22%
ot oo cmornle fent
often soft and comfortable =
FEERZAGE Tre lght n the oo i+ I 25.93%
St~ IRARTER The ightn the room i+ |y ) ¢ often soft and comfortable -
always soft and comfortable -
HEE— R The gt i the room is | |y 15 50
RASE | don't pay much attention to it. [ 5.88% always soft and comfortable g
0 i 20 30 4 50 FRASSE | don't pay much attention to it | 29.63%
0 5 10 15 20 25 30 35
Natural
FLZEEAN No fresh air felt
atall I 2.94% E2EEEHAN No fresh air felt 1 0%
1 1 atall
Ventilatio NFEAEAR Hardly feelthe 1 oo
fresh air NFEEEMR Hardly feel the g 5 7o
{B/REEEISMK Occasionally fresh air
n feel the frech o I 29.41% )
{B/REFEEIEMN Occasionally A
< 2 /0,
e el e | — .2/ feelthefresh e
fresh air -
R Often e e I 33.33%
HEREEEIEAN Can feel the I 7 65% fresh air .
fresh air continuously .
HEFETIEMAN Can feel the 1%
AAFIE | don't pay much I 1.76% fresh air continuously .
attention to it. °
ARAKFE | don't pay much
0 10 20 30 40 attention to it MM 7.41%
0 10 20 30 40 50
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Air/Water
Leakage
through
Doors &

Windows

m
T
El

71 Very common || 0%
20 Common || 0%
—58 Average [l 2.94%
2 Uncommon [ 8.82%

T Very | &>

uncommon

ARARE | don't pay much I 5.55%
.88%

attention to it

0 20 40 60 80

m
Ry

ZEM Very common | 0%
27 Common M 3.7%
—52 Average [ 14.81%
FER Uncommon | 37.04%

S R N Ve
uncommon 40.74%

AKFE | don't pay much 7%
. ¢l

attention to it

0 10 20 30 40 50
Greenery 0% -
11.76% 26.47% - -
e ]
33.33%
14.71% 7.41% ‘
1.11%
14.81% —
14.71% 17.65%

|

J

14.71%

@ ES{ETEEFR The greenery is beautiful and comfortable.

@ ==5EE( No greenery at all

©® SE—=14 Only a little greening

© EEWETEE, FZEN Not enough greenery, hope to increase
ZAK35E | don't pay much attention to it.
(£, SILAZZE There is more greenery, but it can be more beautiful.
SIE, HEWR Too much greenery breeds mosquitoes

29.63%

@ SEEEFRE, FEIEN Not enough greenery, hope to increase
@ SE—=E{k Only a little greening

@ 7A35E | don't pay much attention to it.

O =25EE No greenery at all

Z{E, TILAZZE There is more greenery, but it can be more beautiful.

E{ZTEEFER The greenery is beautiful and comfortable.
SHEIE, HEWRE Too much greenery breeds mosquitoes

Indoor

Noise

0%
2.94%
5.88%

17.65% -
52.94%

20.59%

@ /L EFREEIEE Hardly ever exposed to noise

@ E/REZNESETIH Occasionally disturbed by noise

©® JUEFENESTIH Never disturbed by noise

® FK35E | don't pay much attention to it.
ZEFINESEF Always affected by noise
ZEEFEIES Can often hear noise

37%
3.7%
7.41% \ 37.04%
11.11% ‘
37.04% !

@ E/RFZNESTIH Occasionally disturbed by noise

@ /LEFRELEIEE Hardly ever exposed to noise

©® ZEEERZIES Can often hear noise

O =SEFIRSEW Always affected by noise
MEZFENESTH Never disturbed by noise
ARAS5E | don't pay much attention to it

51




2.94% 0%

o “ 0%

5.88%
5.88%

o
29.41% 61.76%

@ FIE= No noise
@ FifzsE. 23S T THH9IE= Noise from surrounding traffic, equipment or consf|
©® FEAAFTEE/3HAIEE Sounds of phone calls/communication from people around
© ZEHNEE (WEEEEZE) Sounds from upstairs (e.g. footsteps, etc.)

Eftt, #5788 Other, please specify

X=. M7= Sound of wind and rain

BEEEE (EW. BP£EHDK) 89=F Sounds from surrounding rooms (TV, bathroon|

3.7%
7.41% 44.44%

11.11%

2593% —

37.04%

@ EinziE. SEEHT THa0ES Noise from surrounding traffic, equipment or construction sites
@ TIE= No noise
@ BHATES/35RE9SE Sounds of phone calls/communication from people around you
® X=. §7 Sound of wind and rain
ZHYEE (MEEEZ) Sounds from upstairs (e.g. footsteps, etc.)
BEREE (B, B4£EHDK) 895E Sounds from surrounding rooms (TV, bathroom drainage)
Eiftb, 88 Other, please specify

Building
Exterior

Design

ERA Veryugly | 0%
Bugly §0%
—# Average N 20.59%

& Niee  [II— 41
FRFE Very nice I 38.24

AAXFE | don't pay much

3EEH Very ugly l 0%
Hugly f0%
—& Average [, 40.74%

FE Nice I 33.33%
FERFE Very nice [ IININIGNNNN 22.22%

: - J0% AXKZiE | don't pay much
attention to it attention to it. L ERS
0 10 20 30 40
0 10 20 30 40 50
Satisfactio | smaz meemmon | B s
low, feel very cold uncomfortable, |ndoc‘r ten‘:pelrature tci: I 0%
Duri EERE, BRELS Uncomforable, | oo ) !
n buring indoor temperature is low, feel a bit cold o EESE, BEELA Uncomfortable, W
BETRS, SRREESS verage, indoor temperature is low, feel a bit cold e
. dersteindocr feelsslightly.cold .7 BERE, EEREESS verage,
Heating o il moderate indoor temperature, sometimes | 2222
Comfortable, room temperature is right. | 40.74% feels slightly cold
feels warm most of the time EEEE, AESTEARRER
EEUREE BASHEESE vy Comfortable, room temperature s right.
Season comfortable, room temperature is perfect, . | — feels warm most of the time
sz iess wamm oy EEUEE, RASIIEESE Very
FASE | don't pay much attention tot. ]| 0% comfortable, room temperature is perfect, || 0%
always feels warm and cosy
0 10 » » @ AASSE | don't pay much attention to it. I 0%
0 10 20 30 40 50 60 70 80
(2) Relationship Between the Building and Its Surrounding Environment
Including: availability of bus stops within a 5-minute walk, service facilities, activities feasible
around the building and their reasons, outdoor greenery, outdoor shading, and outdoor ventilation.
Questions ZEBs Traditional Buildings
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Bus Stops 7
55.88% o 51.85%
. 50 . 48.15%
Within 5- — .
Minute , 0% 20
o 134 3MNLE
0%
Walk ° o 134 INUE
i
Service 5.88% o
Faciliti 8.82% 7.41% .
acilities 1
14.71% 33.33%
44.44%
14.71% 94.12%
38.24% a815% 66.67%

@® EEF = Convenient commercial point

@ DRSS Health service station

@ 41)LE Kindergarten

©® =5MEFNFEHE Outdoor sports ground
AGERNEE Cultural activity station
Eib, &% Other, please specify
EEFEE Home-based elderly care station

©® EE@EWS Convenient commercial point
@ 41)LE Kindergarten

STALTEFRES Cultural activity station

Efth, i&i%88 Other, please specify

@ =5NEFNFHE Outdoor sports ground
© D4EREIE Health service station
BF7F22EE Home-based elderly care station

Outdoor

Activities

Feasible

I, 17.65%
—

J24 Sitting alone
3z Conversation

{RiAERS Recreational fitness

I, 25.41%
— 382
B 5-s8%

NFTiEETERN Almost no
activity

Eftt, i5iREE Other, please
specify

J244 Sitting alone
323 Conversation

{RARS Recreational fitness

NVFETEHTEN Almost no

B 7.41%

I 502
I 1775%
I 5;26%

activity
Eftt, #i58E Other, please
speci I 0%
0 20 40 60 80 100

Reasons for

Feasibility

SAHEES conforavieamore ||
2R spadousandopensoace I .

FETH

%% Quietand

., 33.33%
BRAESE ensureprivatespace I 19.05%
1REGR B I2 5 Provide shadingorrainshelter [N 14.29%

AZ433% separation of peopleandvenicles N 14.29%

B (R, #5KF) Configure interactive
fit tc)

I 0.52%

FER 8 % 2 Sufficient numberof seats [N 9.52%

0% 10% 20% 30% 40%

22 [8) B FF I Spacious and open space
AZ=433k Separation of people and vehicles

55 #8 %V Quiet and beautiful environment

EEEHRFRE (NHER. #FKX%) Configureinteractive
entertainment facilities (such as fountains, fitness areas, etc.)

1245437 A =38 1% 5 Provide shading or rain shelter
E# 8 7 2 Sufficient number of seats
S{Z&FIEHER Comfortable climate

H{RFA 22 %2 [8] Ensure private space

I —— 56%
I 36%
I 32%
I 24%

I 24%

I 24%

I 16%

0% 10% 20% 30% 40% 50% 60%
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Reasons for

Infeasibility

ROEHRFEN (TR, BIKZ) Thelackof interactive
e o I |

B4 The lack of separation of peopleand venicles - | I 23.08%
EHEE AR The numberof seatsisinsufficient [N 23.08%
s espocesnaror [N 25.05%

= P8 iR 16 The lack of shading

I 30.77%

il

stz helackorprivatespace [N 15.38%

SR he dimateisnotcomfortableenovgh [ 15.38%

I 1538%

0% 10% 20% 30% 40% 50% 60% 70%

FOBRRFRGHE (OER. BHFXZ) Thelackof interactive

entertainment facilities (such as fountains, fitness areas, etc.)

I 100
/b FAZZ 18] The lack of private space [ 100%
/13 PS8 98 35 The lack of shading or rain shelter facilities [ 100%
NZE35%433% The lack of separation of people and vehicles [ I 100%
FEASEUR A2 The number of seatsis insufficient [ RN 0%
@3 The spaceis narrow [ 0%
SREERY5 54 7] The environment is not quiet and beautiful | 0%

SARTGEFIZ The dlimate is not comfortable enough | 0%

0% 20% 40% 60% 80% 100% 120

Outdoor

Greenery

AT 1 don't pay much attention to it.

FALT %, 4B ER Too much greenery

breeds mosquitoes
&1L ZE Y] B £7FR The greenery is beautiful

and comfortable.

k%, LT ZEI More greenery, could

be more aesthetically pleasing

FHHUABET, FEIEH Notenough

greenery, would like more

RE— S5k Verylittle greenery

FTEIRH LA No greenery

N 8.82%

0%

N 5.88%
D 14.71%
—
I 20.59%
I 17.65%

ARAK 3% | don't pay much attention to it. [N 7.41%
G35, 54 B HR Too much greenery breeds

B 0%
mosquitoes
LRLZE T B £FBR The greenery is beautiful and 0%
comfortable.

%1k %, TTRIEZE More greenery, could be more
aesthetically pleasing

BRUETT, FEENNotenough greenery,

would like more

RE—RF L Vverylittle greenery |G 22.22%

I 25.53%
I <1 1%

FTERB LI No greenery | 0%

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%
0% 5% 10% 15% 20% 25% 3
Outdoor KATEIREIRIER B Feel
HATESEIRIER/E Feel  REEE 7 Fee :
blinding/glare for a long time I 2.94% blinding/glare for a long time I s7%
Shadlng = s eI 3%
LTFEIRIE/E Often feel SRFERIER/ESE Often feel
blinding/glare I 2.54% blinding/glare I 11.11%
BHIEAESEEIEEINEK St [ 23.53% ESTEESSFIEENEX s, I 25.93%
FERSETESZIEFS Comfortable 017 KEBSEIEVSEIEFE Comfortable I 25.15%
most of the time . most of the time i
SHEREEIETE Always PRESTEIETES Always
comfortable I s.82% comfortv;b)lle M 37%
AAKFE | don't pay much s+ | don't h
attention to . I 17.65% FARE | don't pay much - e 7 41%
0 10 20 30 40

0 10 20 30 40 50 60

Outdoor

Ventilation

REBSUEREI R Too much
wind in most locations
EEEUEEEEN
Consistently gusty winds in
specific locations

{B/REAIN, Occasional gusty
winds

MUEFIHEE Wind speeds

acceptable

NEN=STEFRRE Excellent

wind speed and air circulation

ARAFE | don't pay much
attention to it.

REBHUENEITK Too much
wind in most locations
EEEUEEEEAN
Consistently gusty winds in
specific locations

{B/REAM. Occasional gusty

7%
. 7.41%
I, 25.93%

winds
PUSFEE Wind pecce
acceptable 37-.04%

NEAESFEERRE Excellent
. = N D 14.81%

wind speed and air circulation
AARE | don't pay much
attention to it.

[ 11.11%
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(3) Understanding of ZEBs

Including: awareness of ZEBs, differences from surrounding buildings, changes to daily habits,

potential building improvements, and the significance of ZEBs.

Questions

ZEBs

Traditional Buildings

Awareness of

ZEBs

FHE, IFTEMES Ves, | have

heard of the concept.

FHE, TRHLSFEEN Yes, |
un

derstand what a ZEB is.
THIE, RTYBHLEFHER

No, | don't
understand what a ZEB is.

THE, ETRHLEFHER

0 sse%

FE, TRAHLSFHER Know,

u
nderstand what is ZEB

IEEAMNES, AERMENA
Have heard of ZEB, do

not know what specifically refers
to

RIMREFBER Have not
heard of ZEB

l 3.7%

No, but | 0%
understand what a ZEB is.
0 10 20 30 40 50 60 70
0 10 20 30 40 50 60
Potential .
ENERSHETRE ncresse nterior spoce [ 0 L T Increse ) 20 20%
variability e interior space variability -
N . TSNS AEPE (BN /EIREETEE Increase N
Bulldmg light/shading/ventilation/acoustic | N 25 415 mmsesenER/AResE. I 55 .56%
comfort
e o e [
I thermal insulation performance M 1176% ISSEREERAMERE Enhance .. 59.26%
mprovemen . :
provements EREAAR L Increase ndoor o e e o | 55.56%
outdoor greenery = and outdoor greenery :
IEMEASINREEREE Increase the
comfort of the building’s outdoor | 41.18% BMRRESFEETEE Increas... | ING £3.15%
environment
Efts, 1§85 Other, please specify [ 2.94% Hfte, #1588 Other | 0%
0 0 20 20 40 0 60 0 10 20 30 40 50 60 70
Significance
A DEESEH Reduce greenhouse gas Py,
' T s R 5204 R e | Y 77.76%

of ZEBs

SRR Improve energy

efficiency

FFRERTETEAEHES Improve living

or working environment comfort
{RiH#FIB4EER(ER Promote the use of
renewable energy

SISBATUAEHHTHER Guide the
building industry to a low - or zero-
carbon transition

Eft, 20 Other

I, 67.65%

I 55.88%

I 67.65%

Jox

40

50

60

8

greenhouse gas emissions

ISTSRERFFERER Improve
energy efficiency

EEEm IR FEs in. I 77.78%

{REFIBEEERER Promote the

use of renewable energy

sisgnaumErnFas . I 70.37%

I 81.48%

I, 62.96%

Hfte, %0 Other ] 0%

0 20 40 60 80

55




Differences

1 ARG S/ 18R A& BHH# Use of low carbon green/recyclable building P 647 1%
. 0

materials
between ZEB £BBAE(E Lowerenergycosts I 52.94%
d B &E B2 4 Equipped with intelligent control system I 47.06%
an
FRBH— &L/ BT FHRE B Photovoltaic building integration/rooftop photovoltaic S 4 12%
power generation . °
Surrounding B E 7 EE4HIE More comfortable in terms of temperature and humicity G 383.24%
B %418 M % {4 E §7 Better natural ventilation conditions IS 35.09%
Bulldlngs BEYN B EE M5 A More pleasant acousticenvironmentin the building  [IINNIENEGGEEEEEEEEEE 09.41%
B AR K &1 E 17 Betternatural lighting conditions NN 06 .47%
B2 TEENT. PKALES HEE™ & Equipped with high-efficiency products such as
- ) I 23.53%
energy-saving lights and water-saving taps
B 5 FR/EH 4 Having shading/insulation properties NN 23.53%
£F1E% 8] E £ Morespace forgreenplants [l 2.94%
0% 10% 20% 30% 40% 50% 60% 70%
Changes to

HEEXE, STMETTETH

actively practice energy-saving
behaviours
FENE, ERSEEHENEATI. TSR
Some changes, occasionally
don'
t turn on lights or air-
conditioning unless necessary.

RENE, ESZANEEIR
No change,
maintain previous habits

EENE, snasREEEEE
Some changes, aware

of energy saving but not
sustainable

35.29%

14.71%

11.76%

o

10 20 30 40 50
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5. Appendix 2:

Survey Record — Xiongan New Area
On July 29, 2025, the research team conducted a survey in the Xiongan New Area. The main
projects investigated were the Xianxi Community Service Center (Demonstration Project) and the

Xianxi Community Service Center (Traditional Building). The detailed content is as follows:

1. Traditional Building

(1) Project Introduction

Rongxiang Community, located in the southern part of Rongcheng County, was constructed and
put into use in 2014. It oversees 12 residential quarters, with a current population of 2,227 households
totaling 4,868 residents. The main building of the Rongxiang Community Party-Mass Service Center
is three stories high, covering approximately 580 square meters. Originally designed as podium retail
space, it has not undergone any green or low-carbon retrofits. Only basic interior renovations were
carried out to adapt the space for its current function as a Party-Mass Service Center. The building's
energy sources are primarily electricity and heating. Cooling is provided by split-type air conditioning
units, while heating is delivered through radiators supplied by the municipal heating system. The
service center includes public activity spaces such as a comprehensive service station, a public service

workstation, a children's activity room, and a provincial-level "Women's Home."
(2) Operational Feedback

Regarding the division of responsibilities, the project is managed by the same property

management company responsible for the adjacent retail podium. The property company uniformly
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handles services such as paying energy bills, maintaining equipment and the building, and sanitation

cleaning. Related costs are covered by the superior government budget, with no specific requirements

for analyzing energy usage or improving energy efficiency. Due to the building's design, user

feedback primarily highlights issues with poor daylighting and ventilation. Additionally, water

leakage and cracking at wall corners were observed. A major current challenge is that, since the

building's age excludes it from qualifying for green retrofits under programs targeting older residential

quarters, it suffers from building aging and declining livability. Currently, only routine maintenance

is performed, with no large-scale renovation plans in place.

Figure 1: Building Exterior
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Figure 3: Windows, Shading, and Heating Methods
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Figure 4: Daylighting on the First Floor

2.Demonstration Project

(1) Project Introduction

Xianxi Community is situated in the Rongxi area of the Xiongan New Area. It was constructed

and became operational in September 2022. The community comprises 8 residential quarters with 72

residential buildings and currently has 2,915 households with a population of 6,904 residents. As a

newly developed area within the Xiongan New Area, Xianxi Community has achieved a 100%

application rate for 2-Star Green Building standards or higher. It was selected as a national pilot for

"Complete Communities" in July 2023 and passed the first batch of near-zero carbon community

acceptance assessments in the Xiongan New Area in June 2025, demonstrating a solid foundation in

green and low-carbon development.

The main building of the Xianxi Community Service Center is five stories high, covering
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approximately 1,000 square meters. The building primarily uses electricity and central heating for its

energy needs. Cooling is provided by a central air-conditioning system, while heating is delivered

through radiant floor heating, sourced mainly from a municipal system utilizing geothermal energy

supplemented by natural gas. The building features a high degree of spatial integration and multi-

functional use, including facilities such as an elderly care station, a children's center, a community

canteen, and various multi-purpose activity rooms.
(2) Operational Feedback

Regarding the division of responsibilities, the property management company is uniformly

appointed by the Area Management Committee and is responsible for services such as paying energy

bills, maintaining equipment and the building, and sanitation cleaning. User feedback primarily

highlights issues concerning noise disturbance and the indoor environment being too cold during the

heating season.

The current challenges are mainly reflected in three aspects: First, there is the possibility of the

property management company being replaced periodically (typically every 2-3 years), making it

difficult to establish consistent and long-term management standards. Second, both the community

and the property company lack specialized training for managing green buildings. Third, the existing

sub-metering facilities are underutilized; cost accounting can currently only be accurate down to the

building level, hindering refined management. However, there is potential in the future to fully

leverage the existing building infrastructure to establish an energy management platform for the visual

management and analysis of energy data.
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Figure 6: Full View of the Demonstration Project?
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Figure 7: Community Space Utilization and Activity Areas
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Figure 8: Survey Photo
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3.Questionnaire results in Xiongan New Area

ZEBs Traditional Buildings
0%
Overall 1463% ‘
0%
Satisfa 31.71% N 4.38% 20%
ction
60% — 20%
31.71%
17.07%
® EETEE Very dissatisfied (] TBE Dissatisfied [¥{8] © FESTES Very dissatisfied (215] FEE Dissatisfied [1£15]
—ﬁff_verage [$T§] L BEE Satisfied (i8] —&% Average [F3] E= Satisfied (%8

© FEEEE Very satisfied [(F8] O ZEEFEE Very satisfied [1E(8]

(1) Satisfaction with Indoor Environment

Including: floor level, temperature and humidity, air quality, accessibility facilities, artificial

indoor lighting, natural lighting, natural ventilation, air/water leakage through doors and windows,
indoor greenery, noise levels, building exterior appearance, and heating season temperature.
Questions ZEBs Traditional Buildings
Levels
Vs 13.33%
51.22% 20%
31.71%
66.67%
© BEEELower floors (1/3E5RIAT) FEiEEMiddle floors (1/3-2/32%0)
=t&EHigher floors (2/3E&0:A L)
® {REtEELower floors (1/3E5RLAT) chigltEMiddle floors (1/3-2/3E%0)
Bt&EHigher floors (2/3E# L)
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40 60
5333%
31.71% 31.71%
Temperatu | =
24.39% 40
3333%
20
re and
9.76% 20
L 10 13.33%
Humidity
2.44%
0 I 0 0% 0%
FEETHE Very PN —#8 Average [¥18] = Satisfied 18] EEFE Ve o —— . e e .
i ccaticfiad [ ccaticfiad [ cfiod T FEENEE Very NEE —#& Average [i¥i8] #E Satisfied [¥1E] JEEFES Very
dissatisfied [¥15] Dissatisfied [1¥1%] satisfied [0 dissatis’fied ot Dissalis;ied o E salis;ied oy
1 50
Air "
40%
. 31.71% 40
Quahty 0 26.83% 33.33%
24.39% 10
26.67%
20
20
0 976%
7.32% 10
0 . . 0% 0%
R Very i3 —fig Average [¥1F] 7% Satisfied [#18] JEERE Very F—— . N . U e
e ! BRI sora - N § y e —#% Average [¥18] #% Satisfied 18] JEHHE VS
dissatisfied (5#45]  Dissatisfied [1#1A] satisfied (18] dissatisfied (8] Dissatisfied (5] satisfied [
Accessibil | 60
5333%
. 40
1
ty 0
30 26.83%
Facilities
20 17.07% 20% 20%
20
10 7.32%
- 2.44% 6.67%
0 — [ ] 0%
R Very T —fR Average [#18] % Satisfied (#15] M Very| . . sfied [
dicsatisfied [1%15] Dissatisfied (%] ! satisfied (45 EEAHE Very TEE —#R Average [¥15] i Satisfied (1% JERSHRS Ver
issati i=25] Dissatisfied [#1&] satisfied [iF1g
Lightin, .
g g NFEELFIFT Need to keep the lights I 2.44% JVFEELFIFT Need to keep the lights 26.
on almost all day long on almost all day long 1
R e or (e R h
Tght often cring the daytime 243%% e o ] 13.33%

BXREEREEF Sometimes need to turn
on lights during the day

BFR—RFEFHT Usually no need to turn
on lights during the day

FEFFHT No need to turn on the light

FASE | don't pay much attention to it.

T 29.27%
P 488%
I 2.44%

0 5 10 15 20 25 30 35

light often during the daytime

BFRERBEEFFHT Sometimes need to turn
on lights during the day

BFR—HRAFEFT Usually no need to turn
on lights during the day

FFEFFHT No need to turn on the light

TRASSE | don't pay much attention to it.

I 26

I 13.33%
——s33%
[ e67%

0 5 10 15 20

25
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Natural HEEEZHEUFBIRER The light in the room | g0,
is often and particularly harsh HEZEBISFIFIRR The light i
23 ight in the room o,
is often and particularly harsh _ 6.67%
SEEEHRIER Often harsh indoor light 0%
[ . ' 5
nghtll’lg Se£ASEIRIER Sometimes harsh indoor . Se£e£2ERIRR Often harsh indoor light [N 13.33%
o I 1707%
SEARIFIER Sometimes harsh indoor
T e O 1 e oo I S 51 22% ight I ©.672%
often soft and comfortable eer
s . . KL EFFNEFR The light in the room is
e TR The Gt N he 100 i ey A
always soft and comfortable 21.95% often soft and comfortable
HeE—m. The light in th i
RARE | don't pay muchattenton to . I 9.76% e e o o I 26.67%
0 10 20 30 40 50 FAS5E | don't pay much attention to it. [N 6.67%
0 5 10 15 20 25 30 35 40
Natural SLIREEMR No fresh air felt at all [l 2.44%
FLIEBEAR, No fresh air felt at all I 13.33%
NIEEEEMR, Hardly feel the fresh air [N 4.88%
Ventilatio B L — LU DR L
fresh air -
B sl e 26,67
ZHEZHEMN, Often feel the fresh air I 36.59% fresh air 26.67%
n
FHREESIEAN Can feel the fr ﬂ;‘; 3% ZHBEIEIAR Often feel the fresh air 331337/
AT | donit pay much attention to t. N 488% FREEARA, Con fee e oo I 1333%
0 B R AT | don't pay much attention to it. [ 6.67%
0 5 10 15 20 25 30
Air/Water JEHHIT Very common 0%
HEEEM Very common [N 6.67%
#5 Common [N 9.76%
%0 Common NN 1333%
Leakage 8 Average I 26.53%
—#% Average [N 13.33%
RE8 Uncommon ’ ’
through
RED | %
JVFRERREA Very uncommon - I 21.95% R Uncommon 2667%
Doors & FRASEE | don't pay much attention to it [N 4.88% NVFFEBRF Very uncommon I I—" 4d
0 5 10 5 20 25 30 35 AT | don't pay much attention to it 0%
Windows 0 5 10 15 20 25 30 35 40
Greenery 13.33% 13.33%
7.32%
0%
0,
4.88% 26.83% 6.67%
17.07%
—
( 13.33%
a88%
° 40%
/ 19.51% \
- 13.33%
19.51%

T2REE No greenery at all

HE—AEk Only a little greening

BEETRE, FEIEM Not enough greenery, hope to increase
Fvz,
F{LZ=MEETER The greenery is beautiful and comfortable.
FHITE, 4R Too much greenery breeds mosquitoes
AASEE | don't pay much attention to it.

BJEZEM There is more greenery, but it can be more beautiful

STEIREE No greenery at all
HBE—R4{K Only a little greening
BEWERE, FEIEN Not enough greenery, hope to increase

SHYEMEEFR The greenery is beautiful and comfortable.
FITE, #4EER Too much greenery breeds mosquitoes
AAEE | don't pay much attention to it.

F1¥Z, BILLESEM There is more greenery, but it can be more beautif]
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Indoor

Noise

0%

/ 12.2%

%

14.63%

— 24.39%%

/

48.78%

@ SETHIEERIN Always affected by noise
@ ZHEEUIFFIES Can often hear noise
© B/REZ)IEETHE Occasionally disturbed by noise
O JLFAR£HE1ERE Hardly ever exposed to noise
RZREETHE Never disturbed by noise
AAFE | don't pay much attention to it.

6.67% 20%

6.67%

40%

20%

@ SEZHEESE Always affected by noise

@ ZEELFZIERS Can often hear noise

© E/RZZEETHE Occasionally disturbed by noise

O LI FR£E1ERE Hardly ever exposed to noise
MWEZRIEETH Never disturbed by noise
FAFE | don't pay much attention to it.

2.44% {2.44%
122% ’

S 4

AN

51.22%
36.59%

14.63%
36.59%

@ =, 7% Sound of wind and rain
@ FinziE. wEsE T THRJER Noise from surrounding traffic, equipment or construction sitq
© FinAITEBIE/ZRBIES Sounds of phone calls/communication from people around you
O BIENESZ WE$SEZ) Sounds from upstairs (e.g. footsteps, etc.)
EEREE (B, BAEHZK) BIAS Sounds from surrounding rooms (TV, bathroom drainage)
o7 No noise
Eifth, &85 Other, please specify

0%
26.67%
6.67%
20%
20%
33.33%
13.33%

@ =, & Sound of wind and rain
@ FEinaniE. REakiE T TibHIER Noise from surrounding traffic, equipment or construction
® EiNAITEIE/ZRIIAES Sounds of phone calls/communication from people around you
#ENES (QEEES) Sounds from upstairs (e.g. footsteps, etc.)
BEEREE (B, B4EHEK) RIS Sounds from surrounding rooms (TV, bathroom draina
FiE7= No noise
Eifth, j&i8F Other, please specify

Building
Exterior

Design

3EEH Veryugly 0%
Augly [l 244%
% Average
sz Nice | I 36.59%
25 Very nice I 9.76%

TASSE | don't pay much attention to it. | N NJIEEEEEENN ©.76%

0 5 10 15 20 25 30 35 40

3EEH Veryugly 0%

Augly 0%
88 Average
& Nice | NENGTININGEGE 20%
2k#57% Very nice [ 6.67%

FoAE | don't pay much attention toit. 0%

Satisfactio
n During
Heating

Season

room temperature is right, feels warm most of 36.59%

SR, MRS Very uncomfortable, ;
indoor temperature too low, feel very cold - 244%

TRERIR, BHBLS Uncomfortable, indoor _ 12.2%
temperature is low, feel a bit cold e’
IBERE, BIRYRERS verage, moderate
indoor temperature, sometimes fecis iy N 5'.71%
cold

REIEE, ASSHIERGIRE Comfortable,

the time
IBEEREE, BEERIRESE Very
comfortable, room temperature is perfect, | NG 7.07%
always feels warm and cosy

FASSE | don't pay much attention to it. 0%

0 5 10 15 20 25 30 35

BEU(E, EAtIEREL Very uncomfortable, o
H /o
indoor temperature too low, feel very cold

TREERHE, ERELS Uncomfortable, indoor o
. oo | 13335
temperature is low, feel a bit cold

IREE, BERSHESS verage, moderate

indoor temperature,sometimes fecis st N
Id

co
IBEEE, ASONIEEIRE Comfortable,

room temparature s right, feels warm most of | NN -6.57%

the time
IMEAFRIEE, ARBEIRESTE Very

comfortable, room temperature is perfect, | N NRGERND 0%

always feels warm and cosy

AT | don't pay much attention toit. 0%
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(2) Relationship Between the Building and Its Surrounding Environment

Including: availability of bus stops within a 5-minute walk, service facilities, activities feasible

around the building and their reasons, outdoor greenery, outdoor shading, and outdoor ventilation.

Questions 7EBs Traditional Buildings
Bus Stops | 125
87.8%
100%
Within 5- 75 100
Minute 50
Walk ®
4.88% 7.32% 25
0 — L . .
o 134 3MLE 0 % 0%
o 1-34 3MBLE
Service
4.88% / 73.17% 6.67% 33.33%
Facilities 9
58.54% - 60% ‘/ g
43.9% v\ 2027% 13.33% '
63.41% \ 39.02% 66.67% 53.33%
® %1)LE Kindergarten ® %7)LE Kindergarten
@ T4RRSU4 Health service station @ D4PRSiL Health service station
© “ULiERNE Cultural activity station @ SZLiEFNL Cultural activity station
ERB = Convenient commercial point ERmL A Convenient commercial point
EZxRFEEIL Home-based elderly care station EZRFEREUE Home-based elderly care station
EHNzaizith Outdoor sports ground FHMaENFH Outdoor sports ground
Eifth, 53588 Other, please specify Hith, 1&5eA Other, please specify
Outdoor s scng or | 5 %
s sing oo | ¢
Activities e
oo recretonot o | 29 s conversatin | %
Feasible

NUFFETES) Almost no activity _ 12.2%

Efth, 7588 Other, please specify 0%

0 10 20 30 40 50 60 70

g =
NFFEHTES Almost no activity 0%

Efth, i&i5%88 Other, please specify 0%
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Reasons SHREHENES Comfortable climate GGG 38.80%
ZE[EJESHITIE Spacious and open space G 66.67% Z[RZSHFFIE Spacious and open space | I 53.33

EEFREE Suficent number of scals . — 55,597 A5 Separ.cles . I .57

for AES7 Separ..cles I EEG—SN 30.56%
Az Qui.ment  IIIEG 33.33%
RERETE Iter I 16.67%
FeaSIblhty iFhZEE Ensure private space NI 5.56% SR Sufficient number of seats N 26.67%
FRATH Qui.ment 3889% e e I 26.67%
EEEHREE (0.1c) I 25%
Eifts, i85 Other, please specify Wl 2.78% ) 26.67%
0 10 20 30 40 50 60 70 S{2&FERE Comfortable climate [ 6.67%
0 10 20 30 40 50
SUBFEHE The..ough I 20%
Reasons
ZE[E)BEAE The space is narrow I 20%
SRR The.ient I 607
for AERES The...cles I 20%

B OERSETmIRNE - ties I 507 /
b3 S HLFAZEE] The lack of private space N 20%
Infeasibilit | “7*= ¢
FRESTERE T.iful I 507
BOEMERRHE (A..tc) I 507
y Hifth, #1587 Other, please specify NG 407

Outdoor st very it greencry N 17 o7
oo I, > ¢
reenery, would like more -

SETEE, FRIBMN Not h
B Mo grecner, o | | 17.07% PR o e o I o7

be more aesthetically pleasing

RE—=E4K Very little greenery _ 20%
Greenery

A e Terery e T -3 )

be more aesthetically pleasing
T, e oo o | 11
enery breeds mosquitoes SHLETMELHE The greenery is b I
eautiful and comfortable. °

0 5 10 15 20 25
0 5 10 15 20 25 30 35 40
RESEVEEIRIER/BE Feel blinding/glare [ o
OutdOOI' for a long time 1951%
ERBBR/ECL Often fecl oy 15 29, ZEBERIER/FZE Often feel o
binding/glre inang/oire I <
Shading S e N, *9 02’
sunlight noticeable some of the time .

BB AT IE1BE B R5BZIBEE Strong sunligh 26 67%
KEBESEERIEHE Comfortable most of I 21.95% t noticeable some of the time e

the time )

tevmEIghE Always comfortable [ 4.88% KEB4 EEEEIEHE Comfortab N
- 26.67%
le most of the time

FASEE | don't pay much attention to it.  [JIll 244%

0 5 00 15 220 25 30 35 40 sessmsiens Aways comfortable [l 6.67%
0 10 20 30 "
KEHUEREIK Too much w pu . . o
Outdoor SAMENETR Too much v | 4 855 #@mEAR Occasional gusty winds [l 6.67%

o AR Occasionat qusty s | ' 5
Ventilatio ey E=

RUBERTEESE Wind speeds acceptable 31.71%
n RUFFIESTEERIE Excellent wind _ 26.67%
A= SREBIERRE Excellent wind o speed and air circulation
ol P
speed and air circulation
RASKS: ' FASSE | don't pay mu
R e I 5 natonton o . NN 133

0 5 10 15 20 25 30

=)

10 20 30 40 50
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(3) Understanding of ZEBs

Including: awareness of ZEBs, differences from surrounding buildings, changes to daily habits,

potential building improvements, and the significance of ZEBs.

Questi ZEBs Traditional Buildings
ons
Aware
S, OFDRMER: Yes, | have . thﬁfiafﬁﬁha??vzvkg
e ot concere N - 1%
ness of

ZEBs

AE, TEMHARSEER Yes, | un
derstand what a ZEB is.

THE, R TEHAZEEER No, | don't
understand what a ZEB is.

THNE, BT BHAZFE2R No, but |

| EED

DX MRS, TANEEAIEHA Have
heard of ZEB, do
not know what specifically refers to

RITRITTE5RR Have not heard of ZEB

understand what a ZEB is. 0 10 20 30 40 50 60 70 80
0 5 0 15 20 25 30 35 40 45
. 1@z =SIAIETES Y Increase interior space I o 1BIN=R=EEIEEtE: Increase interior space 13.33%
Potenti variability 2027% variability I °
IEINF/IEBH/BX/AEREFER Increase RIS/ R/ BRI BEEFERE Increase
Tohtshecingrentiation/scouctc I - ¢5°: lght/shadingventiation/acoustic - I 5.6
comfort comfort
al BB RIRRMAVERE Enhance building I :6.59% IESERFURRBHERE Enhance building I 407
thermal insulation performance 2970 thermal insulation performance ©
SRR nacese indoor o7 I 1.45% THIMERURSH Increase indoor o | 26 67%

Buildin

outdoor greenery

IBMEEAEINRALRELE Increase the o |G 60.95%

outdoor greenery

IBIEEIRE=INAEATEN Increase the co...

[, 5333%

g Hiftb, i&i5%85 Other, please specify . 2.44% Eftb, i85 Other 0%
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 80

Improv

ements

] ] HNB=SEHE Reduce greenhouse gas I
Slgnlﬁ ! emissions 36.59% BDRESHER Reduce gree _ 33.33%
nhouse gas emissions .
R Improye e | /3.9%
efficiency SRELEIERIBAEE Improve energy .
cance i, ctciency N, <o.67%
RFHEESTERNANERIER Improve living 75.61%
or working environment comfort S
IRFHEERTERSBIAFER Improve living D 66.67%
{BFHEIBAERERER Promote the use of I 30020 or working environment comfort o
Of renewable energy en
{BHAIEARLRER Promote the _ 53.33%
sl lEREREEE® cuide the.. [ NG /5.34% use of renewable energy g
SISEFTUEIERETEIEE Guide the
ZEBs s, 40 Other [ 7.32% buitding incus | N : 33%
try to a low - or zero-carbon transition
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 80
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Differe

FRER—/EIR...tion

I 4.88%

nces
EREEEE/ER. als  ININING 29.27 %
betwee SEER/EAERE . ties I 12.2%
n ZEB | #E=AEZ More space for green plants [ EIEGININIGNGNGNENEE—— 24.39%
and EETAENT. Tk taps I 17.07%
RESSHREIRS stem I 19.51%
Surrou
BAFEFFELF B...ions 31.71%
nding EPABNEEST B..ions —
Buildin ERAEREERA ding NG °©.76%
gs mEEHmEATE M. dity I 19.51%
EEEAEE(T Lower energy costs I NG 12.2%
Hfth, j&1%8A Other, please specify NG 0.76%
0 5 10 15 20 25 30 35
Chang
es to RENE, EEZEIRI4ESIR No change, o
o . ‘ 39.02%
maintain previous habits
Daily
B—YNE, BRESMEFEVEATHT. A=A
Habits Some changes, occasionally don' _ 12.2%
t turn on lights or air-conditioning unless e
necessary.
BN, ETEEREMINEE Some
of energy saving but not sustainable
BEBKE, SERRATHRHTA
ractice encray <ong MM - &3
actively practice energy-saving 26.83%
behaviours
0 5 10 15 20 25 30 35 40 45

6. Appendix 3:

Survey Record — Shaoxing

On September 2, 2025, the research team conducted an investigation into the Peixin Building, a




ZEB at Shaoxing Longshan Academy (hereinafter referred to as "Peixin Building"). The survey

primarily covered aspects such as project construction status, current building operation, architectural

features, and energy usage. Due to objective constraints in the Shaoxing area, it was not possible to

conduct on-site surveys of comparable traditional school buildings. Therefore, the team extensively

drew upon previous research findings from school-type buildings in the Beijing area. The analysis is

detailed below:

1. Building Survey Details

(1) Demonstration Project Introduction

The Peixin Building has a total floor area of approximately 141,000 square meters, including

105,800 square meters above ground and 35,000 square meters below ground. After being handed

over to the school, it is intended to serve as a computer lab and training center, but it is not yet

officially operational and is currently used only as a temporary activity venue.

The Peixin Building utilizes a reinforced concrete structure and incorporates a sloped roof design

with local characteristics. The external wall insulation features a double-layer thickened construction,

contrasting sharply with the common practice of local standard teaching buildings, which typically

lack external insulation. The building is equipped with a natural ventilation system, complete with a

dedicated electrical panel and equipment for the ventilation system. It also has supporting

photovoltaic (PV) power generation and energy storage facilities. Detailed calculations regarding the

actual power generation duration and utilization efficiency of the PV system have not yet been

conducted; statistics will need to be gathered through monitoring after the school officially begins
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operations. Currently, the PV power generation facilities supply only the Peixin Building and are not

yet connected to the municipal grid, though future grid connection is planned. Regarding energy use,

campus cooling typically operates from June to September, and the heating period runs from

December to January. Furthermore, fully connected elevated corridors link all buildings between the

second and third floors, facilitating student movement on rainy days. The dormitories are equipped

with air-source heat pump systems to supply hot water.
(2) Construction Background and Rationale

As the project investor, Zhejiang Transportation Group capitalized on the opportunity presented

by the Hangzhou Asian Games to carry out comprehensive development in this area. To meet the

educational infrastructure needs of the region, the Group invested in the construction of Longshan

Academy. From the project's inception, demonstration construction according to ZEB standards was

required by regional leadership, aiming to create a sustainable, low-carbon, and environmentally

friendly benchmark educational facility.
(3) Common Building Issues in This Climate Zone

Given limited feedback from users of this demonstration building, the investigation inquired

about common issues reported in local buildings. Influenced by the local climate, the two most

frequent problems are air/water leakage around doors and windows and cold indoor environments in

winter. Typically, the region experiences a plum rain season from June to July, characterized by high

air humidity, prolonged overcast and rainy days, leading to dampness and mold inside buildings, as

well as air and water leakage around doors and windows. Additionally, the area is not included in
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centralized winter heating systems. However, due to the high air humidity, the perceived indoor

temperature in winter is quite low, leading users to rely on electric heaters or air conditioning for

warmth.

2. School Operational Status

Student recruitment began in 2024, with students temporarily attending classes at the Shaoxing

No. 1 High School campus. In March of this year, the school admitted two cohorts of advanced

placement classes, which have already commenced studies on the new campus. The school officially

opened fully on September 1, 2025. It currently has Grade 10 and Grade 11, comprising 8 teaching

classes in total. According to the overall development plan, the school's full capacity is approximately

1,600 students, with plans to establish 48 classes in total, covering junior high school, senior high

school, and an international division.

3. Investor Information

The total project investment is approximately 1.22 billion RMB. To meet the ZEB requirements,

the incremental cost per square meter was about 1,000 to 2,000 RMB compared to similar building

types. As the school is a public service facility and the investor handed over the completed project

entirely to Shaoxing No. 1 High School for operation, the payback period is not currently a

consideration. Given the current downturn in the real estate market, and in the absence of specific

top-level policy requirements, the investor does not currently plan to meet near-zero carbon energy

consumption standards in future construction projects.
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Figure 1 Air-Source Heat Pump Unit Located Below the Dormitory Building
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Figure 3 Inter-building Landscaping and Air Conditioning Outdoor Units

Figure 4 Exterior Facade of the Peixin Building
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© ASHREISNAE

P—rp gl B EARRLK

Figure 5 Office Information Platform
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Figure 6 Triple-Pane Glazing Used in Windows

Figure 7 Interior Corridor of the Building

79



Figure 8 Operable Skylight in the Building Atrium
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Figure 9 Building Atrium and Daylighting
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Figure 10 Natural Daylighting Condition in a Classroom
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Figure 12 Survey Photo

4.Questionnaire results in Shaoxing
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Questions ZEBs
Overall 0% [ 0%
0%
Satisfaction 16.67%
83.33% /
@ IEEHTHES Very dissatisfied [[#15] @ &= Dissatisfied 18] ® 58 Average [[¥18)
© %3 Satisfied [E15) JEEHE Very satisfied [(E15]

(1) Satisfaction with Indoor Environment

Including: floor level, temperature and humidity, air quality, accessibility facilities, artificial

indoor lighting, natural lighting, natural ventilation, air/water leakage through doors and windows,

indoor greenery, noise levels, building exterior appearance, and heating season temperature.

Questions

ZEBs

Levels

16.67%

33.33%

© FEiEELower floors (1/32RIAT) shigiEMiddle floors (1/3-2/3E%%)
© B#EHigher floors (2/32#01AL)
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80

66.67%
Temperature
60
and
40
s 1: 33.33%
Humidity
20
0 0% 0% 0%
IEEHES Very NH=E —#& Average [£15] #E Satisfied [(E15] JEEFES Very
dissatisfied [JE15] Dissatisfied [F15] satisfied [JE15]
Air Quality | so
66.67%
60
40 33.33%
20
o 0% 0% 0%
JEENHE Very NaE —fg Average [i¥15] B Satisfied [E15] JEEHE Very
dissatisfied [J£15] Dissatisfied [{¥15] satisfied [1E15]
Accessibilit | 60
50% 50%
y Facilities
40
20
0 0% 0% 0%
EEAHE Very NEE —#& Average [i¥18] &= Satisfied [1F1E] IEEHE Very

dissatisfied (18]

Dissatisfied [J¥15]

satisfied [(£15]
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Lighting
JVFFZELFIFT Need to keep the lights 0%
on almost all day long

BFRELESZEFT Need to turn on the 23133008

light often during the daytime
BREHEZEFT Sometimes need to turn SEIEET
on lights during the day DRI
T a0 e 0 ) NN 16.67%

on lights during the day

FoEFFT No need to turn on the light 0%

FAZE | don't pay much attention to it. [N 16.67%

0 5 10 15 20 25 30

Natural )
FELFEBESIRIAR The light in the room 0%
is often and particularly harsh
Lighting
HEAZERRR Often harsh indoor light 0%
St ARTRIER Sometimes harsh |n(|1igc;; I 1667%
HERLZHEFREFR The light in the room is 83330
often soft and comfortable —
YeE—EZRAEFR The light in the roomiis 5o,
always soft and comfortable
AT | don't pay much attention to it. 0%
0 10 20 30 40 50 60 70 80
Natural =2@HEMAR No fresh air felt atall 0%
Ventilation JLFSEEESAR, Hardly feel the fresh air 0%

{B/REFZRIESAX, Occasionally feel the
fresh air T 33.33%
EHBEBIEAR Often feel the fresh o | 50%

%ﬁ@%@]ﬁﬁm Can feel the fresh air _ 16.67%

continuously

TK3E5E | don't pay much attention toit. 0%
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Air/Water

JEEEN Very common 0%

Leakage
#I1 Common 0%
through —fR Average 0%
Doors & &M Uncommon [, 66.67%
Windows NVEARSRRE Very uncommon [ 33.33%
AAFEE | don't pay much attention to it 0%
0 10 20 30 40 50 60 70 80
Greenery 0%
0%
° - 3333%
66.67%
® =285k No greenery at all
HE—=44L Only a little greening
O BE{KETE, FEIEI Not enough greenery, hope to increase
F¥z, oJLAESEN There is more greenery, but it can be more beautiful.
©® Z{=E4EFAR The greenery is beautiful and comfortable.
S5, #EWR Too much greenery breeds mosquitoes
AA5E | don't pay much attention to it.
Indoor 0% %
. 0% 0%
Noise
L 3333%
6667%

@ S ESIEEHIE Always affected by noise
@ ZEELFRER Can often hear noise
© B/RZZIEETIH Occasionally disturbed by noise
© JLFAEEES Hardly ever exposed to noise
22 RIEETHE Never disturbed by noise
AT | don't pay much attention to it.
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0%

3333% o 33%
0%
0%
33.33% / 33.33%

@® X=. M7= Sound of wind and rain
@ FEinE. s T TiAIERS Noise from surrounding traffic, equipment or construction sites
©® EAAFTEE/ZRIIAES Sounds of phone calls/communication from people around you
B EES (£ =S) Sounds from upstairs (e.g. footsteps, etc.)
FEEE (B, BEEHIK) BIAEE Sounds from surrounding rooms (TV, bathroom drainage)
FoiE= No noise
Eifth, 35588 Other, please specify

Building
JEEA Veryugly 0%
Exterior
Augly 0%
Design

—& Average [ 16.67%
#7& Nice 83.33%
EELFE Very nice 0%

TASETE | don't pay much attentionto it. 0%

(2) Relationship Between the Building and Its Surrounding Environment

Including: availability of bus stops within a 5-minute walk, service facilities, activities feasible

around the building and their reasons, outdoor greenery, outdoor shading, and outdoor ventilation.

Questions ZEBs
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Bus Stops

125
Within 5- 100%
100
Minute
75
Walk
50
25
0% 0%
0
oA 1-34 MNLE
Service o o
0% 0%
Facilities
66.67%
83.33%
0%
® %3)LE Kindergarten
@ T4fRSUL Health service station
@ SU{kiEENE Cultural activity station
{EEB s Convenient commercial point
B2 5Fuh Home-based elderly care station
=HNzENIFHE Outdoor sports ground
Efth, 151488 Other, please specify
Outdoor
o s s sore Y "
Activities
Feasible g e

KRS Recreational fitness

JVFFE#HTERD Almost no activity

Hfth, 75588 Other, please specify

T 100%
0%

0%

0 10 20 30 40 50 60 70 80 90 100 110
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Reasons for

SIEEFEIES Comfortable climate

I 33.33%

Feasibility Z/EEHFTIE Spacious and open space G 1 00%
FESEIERE Sufficient number of seats 0%
A& Separ...cles I 83.33%
REEMREEMIZHE ter I 83.33%
H{FFAZEZSIE) Ensure private space 0%
HETEREN Qui.ment I 66.67 %
EEEFERERE (A.tc) I 33.33%
Efth, 1&188 Other, please specify 0%
0 20 40 60 80 100 120
Outdoor STEIRBE No greenery 0%
Greenery RE—SEM Very little greenery [ NG 16.67%
BEHETE, FEIB..more 33.33%
Fivz, FILAEEM ...sing 33.33%
Sw=masHgE Th.ble. [ INIEIGG 16.67%
FTE, HERAR toes 0%
AAKE I don...it. 0%
0 5 10 15 20 25 30 35
Outdoor
KESEEEIRIER/BLE Feel blinding/glare o,
. for a long time °
Shading
L ERDRIRR/EZE Often feel _ 16.67%

blinding/glare

EP Y IEBA RS RSRZIPEYE Strong
sunlight noticeable some of the time

N 66.67%

AESEHEREISFE Comfortable most of N 1667%

the time

YALREBISTE Always comfortable

0%

FAFEE | don't pay much attention toit. 0%

90




Outdoor KESTTEREIA Too much wind in - 5,
most locations

Ventilation | a0 Conen o, I 3333%

winds in specific locations

B AR Occasonal qusty winds - N 5O
RIS Wind speeds acceptable | NENENGEEEGEG 16.67%

XEF=SIRIBERREE Excellent wind 0%
speed and air circulation °

FAFE | don't pay much attentiontoit. 0%

(3) Understanding of ZEBs

Including: awareness of ZEBs, differences from surrounding buildings, changes to daily habits,

potential building improvements, and the significance of ZEBs.

ZEBs

Awareness
et concepr. . -
heard of the concept. °

of ZEBs
ST, THRHARSEE Yes, | un i
derstand what a ZEB is. _ 16.67%
R AT g et e . : -
understand what a ZEB is. 33.33%
THIE, ETEHAREERANo, butl oo
understand what a ZEB is. °
0 10 20 30 40 50 60
Potential IEINZEARZIER AR Increase interior space o
variability °
i SN/ B/ IBIX/ AHREREE Increase
Building ight/shading/ventiation/acoustic - | 50%
comfort

1ZSRRRRRFBHUERE Enhance building
Improveme thermal insulation performance [, 33.33%
IBINERSMEK, Increase indoor and I :: 3%

nts outdoor greenery

iBImEER=INAESE Increase the co... [ TNGNGNGNGNGNGNGNGNGEGEGEEE 33 33%

Hfth, i85 Other, please specify 0%
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Significance

/EE//I\IEE‘IWHEH Reduce greenhouse gas _ 50%
emissions °
Of ZEBS E%E‘E?)?ﬂﬁﬂi&% [mprove energy _ 33.33%
efficiency :
e working emronment comicr: N 00
or working environment comfort °
(BB B4EAERER Promote the use of o
renewable energy _ 16.67%
s|sfmleiEEsEEEE Guide the... || TNGTGTGNG 3333%
Hifth, 40 Other 0%
0 20 40 60 80 100 120
Differences
FRER—IKML/ER..tion 0%
between EREEFE/OIEA. als I 33.33%
EEER/fRAERE ties  INIIIIEG 33.33%
ZEB and FE=SEIE% More space for green plants 0%
EETAYT. TRk taps N 33.33%
Surrounding RESELEHRS stem 0%
EATCLEHEIF B.ions I 33.33%
Buildings EAABNEAET B..jons G 33.33%
ERAFINSERA ding NG 16.67%
IMEEHESEENE M..dity 83.337%
BEEZFAE(E Lower energy costs 0%
Hifth, 1&i%BA Other, please specify 0%
0 10 20 30 40 50 60 70 90
maintain previous habits =
Daily BT, EREMEHESETIIN . FHH
it orar-condiioning uriecc MM, -
. t turn on lights or air-conditioning unless °
Habits necessary.
KA, BHEEERERINES Some
changes, aware _ 16.67%
of energy saving but not sustainable
EHBKE, SEMRITHRMTA
Significant changes, will 0%
actively practice energy-saving °
behaviours
0 10 20 30 40 50 60
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7. Appendix 4:

Survey Record — Shenzhen
On September 5, 2025, the research team conducted a survey in Shenzhen, focusing on the
following primary projects: Dameisha Vanke Center (Demonstration Project), as well as Xinhai Jialan

and Yunding Tianhai (Traditional Buildings). The detailed findings are as follows:

1. Traditional Buildings

(1) Project Introduction

Xinhaijialan consists of five 14-story residential buildings with duplex structures, totaling 307
units. The ground floor is a commercial area housing 4 to 5 merchants. The project has been in use
since 2004 and currently has an occupancy rate of approximately 80%.

Regarding building maintenance, systematic upkeep has been carried out in public areas such as
the exterior walls, landscaping, and corridors. Current primary issues include air and water leakage
due to aging window seals, as well as water seepage in some external walls, urgently requiring further
waterproof coating work. About two-thirds of the households have undergone secondary renovations,
primarily involving the replacement of wooden flooring damaged by moisture, waterproofing in
kitchens and bathrooms, and the upgrading of electrical wiring and windows due to aging.

Currently, user feedback mainly centers on residential safety. Furthermore, the management
formulates an annual green and low-carbon development plan and conducts awareness campaigns on
initiatives like the "Zero-Waste City" and "Near-Zero Carbon City" in accordance with sub-district

office requirements.
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Figure 2: Public Space in Xinhaijialan

Yundingtianhai residential quarter was commissioned in 2007. It comprises 3 buildings with
14 units, totaling 550 households and a population of approximately 1,100-1,200 residents. The
occupancy rate is 95%, predominantly consisting of primary-needs families. The quarter is fully
equipped with supporting facilities, including a kindergarten, primary school, high school, a dining
center, and the Yantian District Sports Stadium. Public activity spaces include elevated open floors,
activity rooms, and chess/card rooms, providing multi-functional areas for the elderly and children,

with further renovation and enhancement plans already in place. There are 324 parking spaces with a
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utilization rate of about 60%, of which 10%-20% are charging spaces. In terms of energy conservation

and emissions reduction, the quarter has implemented motion-sensor lights in basements and LED

lighting since 2024, resulting in a one-third reduction in energy consumption after the retrofit.

Additionally, environmental facilities such as 2-3 solar-powered lights and rainwater collection tanks

have been installed.
(2) User Feedback

From a physical environmental performance perspective, the overall daylighting conditions in

the quarter are good, but west-facing units experience significant afternoon sun exposure, particularly

from May to November. Residents commonly use sun-blocking curtains and insulation measures to

mitigate this. Natural ventilation is generally effective in summer. However, indoor humidity levels

are significantly high during the annual "Huinan Tian" period (typically March to April), often

causing temporary condensation issues, with most households relying on dehumidifiers to improve

indoor conditions. Additionally, some units have water leakage problems due to aging waterproofing

layers or improper use, requiring further maintenance.

(3) Management Challenges

The residential quarter currently faces several practical difficulties in advancing green and low-

carbon initiatives. Firstly, insufficient funding is a major barrier to the large-scale implementation of

projects, as existing budgets struggle to cover the costs of PV systems, energy-saving retrofits, and

long-term maintenance. Secondly, some residents hold misconceptions about PV facilities,

particularly concerns about potential electromagnetic radiation, leading to low acceptance and
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cooperation, which poses challenges for community-wide promotion. Furthermore, there is a pressing

need for technical support with expertise in new energy and building energy efficiency, including

capabilities in system design, energy performance evaluation, and smart operation and maintenance.

Figure 3: Landscaping in Yundingtianhai
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Figure 4: Supporting Services in the Residential Quarter
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Figure 5: Waste Sorting Facilities in Yundingtianhai

2. Demonstration Building

(1) Project Introduction

The Dameisha Vanke Center campus was completed in 2009 and is China's first office building

to achieve LEED NC Platinum certification. It has a total floor area of 122,060 square meters and

occupies a site area of 61,730 square meters. In 2017, Wang Shi, founder of DeepRock Group,

invested approximately 20 million RMB in green and low-carbon retrofits to the campus's energy

systems. Post-retrofit, the campus established a technological foundation for a near-zero carbon

campus through a model encompassing "low-carbon building retrofits, construction of solar-PV-

storage-charging facilities, comprehensive intelligent monitoring, and smart energy operation." By

98



organizing sports, art, and cultural activities, the campus activates underutilized assets, enriches

energy usage scenarios, and integrates ecological innovation into its development, achieving a

sustainable green business model. The campus has obtained both WELL Community and WELL

Building Platinum certifications, was selected as a "2022 Green and Low-Carbon Typical Case" by

the Ministry of Ecology and Environment, and has received 14 green innovation awards from national,

provincial, municipal, and mainstream media organizations.

Figure 6: Aerial View of the Campus?

3 https://mp.weixin.gq.com/s/01Cp037FEgNv3Ga2 1uz8 Bw
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Figure 7: Campus Layout Plan

Figure 8: Building Exterior*

Key Approaches and Outcomes:

* https://mp.weixin.qq.com/s/1200tfY 1ahiRrVptZI5w3Q
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@ Technology Empowerment

Through retrofits, photovoltaic panels were installed on the roof of the Biosphere 3 building.

Approximately 4,000 square meters of monocrystalline silicon solar PV panels were mounted on the

rooftop. Based on energy consumption analysis of the building's operations, 12.5% of Vanke

Headquarters' total electricity consumption is generated by these solar panels. DeepRock Group's

self-developed energy and carbon management platform, relying on about 200 smart meters, enables

real-time collection, monitoring, and itemized analysis of end-use electricity consumption. The

platform utilizes large-scale model algorithms for PV power generation forecasting, building energy

consumption prediction, and energy storage control to formulate energy dispatch plans that maximize

benefits, achieving the dual objectives of supplying energy based on demand and operating at optimal

economic efficiency.

Y0SPHERE B HERBIRAR @ T 15:38:06 i

» MRS gl Gesiniome

Figure 9: Conceptual Diagram of the Data Dashboard Large Screen®

° https://mp.weixin.qg.com/s/Q5S _Eic0sQvT7]Lr3Kn4iA
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Figure 10: Actual Photo of Zonal Electricity Consumption Statistics on the Data Dashboard
Screen

@ Resource Circulation

The campus adheres to the Sponge City concept. Outdoor ground surfaces are paved with
permeable bricks, and an "ecological garden" was created on the roof, planted with nearly 120 species
of various native Shenzhen plants, forming a miniature natural ecosystem. Collected rainwater is
treated and used for landscape irrigation and road cleaning, achieving annual water savings of 50,000
tons. The campus has established a "Black Soldier Fly - Community Composting - Co-created
Garden" circular model, converting approximately 200 kilograms of daily food waste from the
canteen into fish feed (fresh larvae) and frass (material for garden compost), achieving 100% resource
utilization of food waste. The campus's Qingyun Auditorium uses foam aluminum, produced by

foaming a mixture of discarded beverage cans and industrial aluminum waste, as a building material.
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Wooden components within the building are made from bamboo, which not only has excellent carbon

sequestration effects but is also 100% recyclable and reusable.

BHAHES
VANKE FOUNDATION

- nﬁ:msmmm
{EARERGE T
ZBARATRERIAA TAH.

® https://mp.weixin.gg.com/s/Q5S _Eic0sQvT7JLr3Kn4iA
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Figure 12: Black Soldier Fly and Aquaponics System

(® Community Operation

The campus integrates a library, art studios, educational workshops, restaurants, and a lifestyle
market. By removing physical perimeter walls, it has created a sustainable living community open
"24/7, 365 days a year." Leveraging the auditorium and banquet hall spaces in the campus's
international conference center, Biosphere 3 focuses on building a carbon neutrality community and
demonstration benchmark. It actively interacts with the Yantian District government, residents of
surrounding communities, and enterprises in the "dual carbon" industry. The campus receives nearly
9,000 visitors annually and has cumulatively hosted over 20 large-scale offline events. It also initiates
activities like the "Low-Carbon Behavior Check-in" during Energy Saving Promotion Week,

attracting close to 20,000 participants.
(2) Key Focus Areas and Challenges for the Investor and Operator

The interviewee for this project was DeepRock Group, which serves as both the investor for the
project retrofits and the energy operator for the campus, undertaking dual responsibilities.

Regarding Low-Carbon Energy Retrofits:

The photovoltaic (PV) and energy storage systems were invested in and constructed by a third
party. The expected payback period for the PV investment is 6-7 years, and 8-10 years for the energy
storage investment. The PV system capacity was strictly sized based on the campus's electricity
consumption; the scale was not expanded to control costs. Currently, the internal PV consumption

rate on the campus is 85%-90%, with surplus electricity fed into the municipal grid. The annual
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electricity consumption of the office buildings within the campus is approximately 7 million kWh,

with air conditioning being the primary energy consumer—accounting for 30% of electricity usage

during non-cooling seasons and up to 70% during cooling seasons.

Currently, the following issues exist in energy management:

In the PV and energy storage sectors, a mismatch between power generation and

consumption periods creates operational conflicts, requiring a balance between economic

benefits and green outcomes.

While the data system enables equipment-level detailed monitoring, validating the

massive amounts of data against physical reality incurs high time costs. Such energy

management systems are currently primarily suitable for demonstration projects or key

points.

The term of green financial products is typically only 3 years, far shorter than the

investment return period for PV and storage, hindering the large-scale application of these

technologies.

Distributed PV projects are relatively small in scale, making them economically unviable

for developing CCER (China Certified Emission Reduction) products, and it is difficult

to independently form an effective buyer's market.

The core driver for the investor-operator in promoting low-carbon energy retrofits is a strong

belief in the high growth potential of the green energy services sector. On one hand, they aim to

integrate distributed green and low-carbon technologies to establish the demonstration building as a
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benchmark project—a "Carbon Neutrality Museum." On the other hand, they are committed to

exploring the replicability of this technological system, thereby solidifying their positioning as an

"Integrator of Resources." The ultimate goal is to build a healthy business model that does not rely

on subsidies, is fully market-oriented, and achieves the dual objectives of sustainable, reasonable

profits and enhanced brand value.

Looking ahead, the operator plans to systematically advance de-carbonization efforts in the

following directions:

Strengthen Operations and Brand Influence: Continuously organize activities to

attract visitors and achieve robust attendance even during off-peak seasons ("no low

season"). Donate the carbon reduction credits achieved through Black Soldier Fly food

waste treatment to major events like the National Games, transforming ecological

benefits into significant brand promotion.

Promote Scalable Expansion of Demonstration Scenarios: Evolve from the current

single demonstration campus to covering a complete area of 3.2 square kilometers,

encompassing diverse entities such as villages, office buildings, and hospitals. Conduct

pilot retrofits in different scenarios to explore de-carbonization pathways for

comprehensive demonstration zones.

Commit to Business Model Innovation: Establish a inclusive carbon credit system that

connects various entities and business resources, creating synergistic effects and

providing endogenous momentum for the project's long-term sustainable operation.
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Figure 14: Floor-Level Air Supply HVAC Unit

" https://mp.weixin.gg.com/s/Q5S _Eic0sQvT7JLr3Kn4iA
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Figure 15: Interior View of the Campus

3.Questionnaire results in Shenzhen

Questi ZEBs Traditional Buildings
ons
Overall [ 0%
0%

. 14.29% © 09

Satisfa [ 0%
23.08% \ 0%
. 7.69%
ction
14.29%
71.43% 69.23%
© FEETRFHE Very dissatisfied [(F15] N Dissatisfied [¥15] —f% Average [IF{5]
wa Satisfied [iFi5] © FEEFEE Very satisfied [(F15]
© FEETRFE Very dissatisfied (5] 7R Dissatisfied [F15] —A% Average [

A Satisfied [1¥{5] © =EEFE Very satisfied (5]

(1) Satisfaction with Indoor Environment

Including: floor level, temperature and humidity, air quality, accessibility facilities, artificial

indoor lighting, natural lighting, natural ventilation, air/water leakage through doors and windows,
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indoor greenery, noise levels, building exterior appearance, and heating season temperature.

Questions ZEBs Traditional Buildings
Levels
28.57%
38.46%
7.14% - 64.29%
30.77%
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1 60
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Facilities | *
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Lighting

JUFEZLFFTHT Need to keep the lights

JUFEELFTTAT Need to keep the lights 0%
on almost all day long T 7.14% on almost all day long
BEIREEEEFTT Need to turn on the BFREEEEFHT Need to turn on the e 3
light often during the daytime  — 21.43% light often during the daytime
e s e oy ] 3571 e ey I 23.05%
on lights during the day 35.71 on lights during the day 3
BX—RAAFFAT Usually no need to tumn I BFX—RRAAFTET Usually no need to turn I
on lights during the day 21:43% on lights during the day 15.38%
SEAEFHAT No need to tum on the ight I 14.25% SR No needt to tum on the ight I 3
AASE | don't pay much attention to it. 0% FASSE | don't pay much attention to it. 0%
o 5 10 15 20 25 30 35 0 5 10 15 20 25 30
Natural FEERESEIRR The light in the oom o SHEERERBIRIR The light n the r00m oy & 00,
is often and particularly harsh is often and particularly harsh :
nghtlng SeEREZERIRR Often harsh indoor light 0% S4242 37188 Often harsh indoor light 0%
FLEERIRIER Sometimes harsh indoor ¥ 3 i i
ighe I 14.29% AR Sometimes ot et
ight
HLEZRIANER The light in the room is SLHZHEZFETAR The light in the room is
often soft and comfortable often softand comfortable  M——— 30.77%
FEE—EFFEFAR The light in the room is I S4—EZANEHR The light in the room is
always soft and comfortable 21.43% always soft and comfortable I 15.38%
AASGE | don't pay much attention toit. 0% AASSE | don't pay much attention to it. 0%
0 10 20 30 40 a0 o 0 5 10 15 2 25 30 35 40
Natural o )
FE2IBEEMNX, No fresh air felt atall 0% FELIRHEEMN, No fresh air felt at all 0%
Ventﬂatio JLFEEELAN, Hardly feel the fresh air [N 7.14% NFSEEAN Hardly feel the fresh air 0%
BRBESIEMN Occasionally feel the I 2557% {BRBEFIEMN, Occasionally feel the
fresh air - fresh air
n

ZEEZFIEMN, Often feel the fresh air

FFEEETIEMN, Can feel the fresh air

ZEBZTBMAN, Often feel the fresh air

R FIEMAN, Can feel the fresh air

I 38.46%

/ 0% |
continuously continuously 15.38%
FRASEE | don't pay much attention to it. [N 7.14% JASSE | don't pay much attention toit. 0%
0 10 20 30 40 50
0 5 10 15 20 25 30 35 40
Air/Water
JEEEML Very common 0% EEEN Very common 0%
Leakage #00 Common 0% %00 Common 0%
—#R Average 0% —#& Average
through
g F#0 Uncommon [N 14.29% &0 Uncommon [ 23.08%
DOOrS & JVFREmRRER Very uncommon I 78,579 NLFRLRRIE Very uncommon NI 30.77%
RASIE | dont pay much attention to it I 7.14% AAZE | don't pay much attention to it 0%
Windows 0 10 20 30 40 50 60 70 80
0 5 10 15 20 25 30 35 40
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Greenery 0% ( 0%
0% ( 0%
7.69%
0% 7.14%
9 38.46%
0 2143% 23.08%
50%
0%
21.43% /
30.77%
@ 244L No greenery at all @ =£35545( No greenery at all
— S5 1 1
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SUTZ, BEWR Too much greenery breeds mosquitoes ZAEEMEETAR The greenery is beautiful and comfortable.
ARASEIE | don't pay much attention to it. FITZ, B4R Too much greenery breeds mosquitoes
AKZEE | don't pay much attention to it.
Indoor 0% [ 0% 0% (0%
— 0% 0% 7.69%
. 28.57% ;
Noise ° N T~ 51439 15.38% l
50% 76.92%
@ SEZFNEAFE Always affected by noise @ ZEBUFFER Can often hear noise @ ===TE=E Alwa ; 2 e :
p i _ N X it X 2 ys affected by noise @ ZEEURFERS Can often hear noise
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MIREEEIRAT I Never disturbed by noise AASGE | don't pay much attention to it. MIE=FIEATHE Never disturbed by noise AASSE | don't pay much attention t
15.38% 0%
0% f
/ 1% 15.38%
35.71% ‘ 53.85%
0% &
o ﬁ’\ W
28.57%
0% / — \
21.43% 53.85% 7.69%
@ R7=, 7= Sound of wind and rain - L . .
N . 97 Sound of wind and
@ FhziE, 1B&ssET THEAIER Noise from surrounding traffic, equipment or construction sites : %;k‘gﬁni’iggﬁﬁfi‘%;mﬂ;;if;i&ise from surrounding traffic, equipment o constructi
© FEAAITEE/ZFRAIAE Sounds of phone ca_lls/communication from people around you g Tﬁi'ﬁ/i“ﬂgﬁ” Sounds of phone calls/communicatior; from peole around vou
N &LB’J%’E’. (QDN#%) Sound_lfjr:m upsairs (e.g.footste_ps, etc) : O #EREE (ﬁﬂﬁgb&*%a) Sounds frc?m upstairs (e.g. footsteps, etc.) peer /
BEREE (B, B4EHDK) #97E Sounds from surrounding rooms (TV, bathroom drainage) - Ll = s o P -9 Ps. etc. |
Tl No noise FAEREE (@@\ P4EHEK) #97E Sounds from surrounding rooms (TV, bathroom drai
Eifth, 1&$E88 Other, please specify Tolges N‘O noise )
Hfih, i&5t8A Other, please specify
Building
3EEH Very ugly 0% 3EEH Very ugly 0%
Exterior Augy 0% Hugy 0%
—# Average 0% —#& Average | 30.77%
Design
& % Nice I 35.71% BE 5% 53.85%
AERIFE Very nice 12575 Very nice | I NN 15.38%
FASSE | don't pay much attention to it. [N 7.14% AASSE | don't pay much attention toit. 0%
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Daily
Average
. r-anet | 7.12% 1408 0%
Air
e Emsus
Conditioni
ozt | 2 86% o1zt | 15 35%
ng Usage | saom ox 1e-200e | :0.77%
Duration | 2% 0% 21240t | 7.59%
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45
During
Summer
(2) Relationship Between the Building and Its Surrounding Environment
Including: availability of bus stops within a 5-minute walk, service facilities, activities feasible
around the building and their reasons, outdoor greenery, outdoor shading, and outdoor ventilation.
Questions ZEBs Traditional Buildings
Bus Stops | | 125
L. " 100%
Within 5- s !
75
Minute 50
50
Walk 2 25
7.14%
) || 0% o 0% 0%
[ 3AMNAE [ 1-34 3L
Service 0% 0% 23.08%
14.29% 46.15%
Facilities 92.86%
~ 50% 0% 46.15%
0% 9 \\
69.23% T 30.77%
92.86%
©® %)L& Kindergarten @ DRSS Health service station @ #))LE Kindergarten @ DRSS Health service station
@ STiLiENNE Cultural activity station ERAILR Convenient commercial poin @ xz{;&Ezhi4 Cultural activity station @ERALS Convenient commercial
[Esx52 Tk Home-based elderly care station ESNEZHE Outdoor sports ground B=FEREW Home-based elderly care station ESNEFIFHE Outdoor sports ground
Efth, 5588 Other, please specify £, %8 Other, please specify
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Outdoor

Activities

Feasible

T

JUFFiF#(TIER Almost no activity 0%

32 Sitting alone

3z Conversation

KRS Recreational fitness

Efib, &8 Other, please specify 0%
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70 80
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Shading
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AASE | don't pay much attention to it. 0% AXSE | don't pay much attention toit. 0%
0 10 20 30 40 50 0 10 20 30 40 50 60
KEBHUERBI A Too much wind in KEBSMENEIA Too much wind in
Outdoor o ocarons N 7.14%
EREEEFESN, Consistently gusty 0% TEAEEEFEAN, Consistently gusty I 535%
. . winds in specific locations winds in specific locations N
Ventilatio
{B/RE R, Occasional gusty winds | > 1.23% 1B/REAR Occasional gusty winds | EEEG_—_——— 0.77%
n R Wind speeds acceptable Y 3c71{  UECTiES Wind speeds acceptavle | ¢./%

RIEMZ=SFRBIERRLE Excellent wind
speed and air circulation

. 35.71

FRASSE | don't pay much attention toit. 0%

0 5 10 15 20 25 30 35 4

B STRBIE MR Excellent wind
speed and air circulation

I 15.38%

ARASSE | don't pay much attentionto it. 0%

(3) Understanding of ZEBs

Including: awareness of ZEBs, differences from surrounding buildings, changes to daily habits,
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potential building improvements, and the significance of ZEBs.

Questi ZEBs Traditional Buildings
ons
Aware e I R en s 3 o
heard of the concept. ) nderstand what is ZEB 15.38%
508, TEELZZEER Yes, lun ~ -
ness of derstand what a 268 . o
IFDXANES:, TAIESMAIEH4 Have
TH0E, RTRHTLRRERBSANo, | don't 0, not know what specifically refers to
ZEBs understand what a ZEB is. 0%
TENiE, BTEHARZEIRA No, but | 0% N
understand what a ZEB is. FEIMEIT THERIR Have not heard of ZEB 23.08%
0 10 20 30 40 50 60 70
0 10 20 30 40 50 60 70
Potenti
IBINEAZSEIAIELE Increase interior space o
Pt Increase nteror pace | N variabiliey R 15.38%
al variability 50%
N NN /AER (BN /A TEETIERE Increase
oo s i ing/ventiat i
light/shading/ventilation/acoustic [ 35.7% light/shading/ventilation/acoustic 46.15%
comfort comfort
1 1 HESRERIRFIRIEPMERY Enhance buildin IERAFIBFBHMERY Enhance building _
Buildin e eabion esommens, I 14.25% hermal nulaion performance 4615%
IBINZRSMRL Increase indoor and _ 1BINZEMSMRLL Increase indoor and _
outdoor greenery 38.71% outdoor greenery 30.77%
g AT inrease theco.- R 2357 SBIERENTRELE Increase the co.. I 6 1.54%
i, #3588 Other, please specify | 7.14% - N
Efth, i&5t88 Other 7.69%
Improv I 7.69%
0 10 20 30 40 50 60
0 10 20 30 40 50 60 70
ements
1 1 A R RSBESHEHEK Reduce greenhouse gas ]
Signifi | wmmm e s o ——— emisions 3846%
R Do o . | 7 7% R e vy R >3.00%
efficiency - efficiency
CanCe | wnmemrimmmmsmas mprove iing R o I N 60 23%
or working environment comfort I NN 55.71% or working environment comfort 23%
{E#PTB4RSFER Promote the use of {BHEIB4ESRER Promote the use of _
of B e <! N 75.57% b e of 30.77%
3ISEAFUEERSEEEE Guide the..  [TNNIGNGEE 100% 3IsTUEREEREREE Guide the... | NG 35.46%
ZEBs W, %0 Other 0% R, 40 Other 0%
o 20 40 60 80 100 120 0 10 20 30 40 50 60 70 80
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Differe .
FABR—AE/ER.tion G 7 1.43%
nces FERREEE/AER. jals NI, 64.29%
betwee ERIE/RRERE . ties
SKEZSBEZE More space for green plants I 25.57 %
n ZEB
EEDET. Bk taps NG 28.57 %
and EEESHEHES stem NG  50%
S ERFAFAEL B.ions I 42.86%
urrou
BRBENEGEL B...ions  INIEINININIG 64.29%
nding , .
BRAFHEERRA ding INIIINIENG 50%
Buildin BEESEEE M..dity I 42.86%
g BERZAE(T Lower energy costs I NG 50%
Efih, i&588 Other, please specify 0%
0 10 20 30 40 50 60 70 80
Chang EEEEE, ®IFZRIRIEIESE No change, 5
o . 4 14.29%
maintain previous habits
es to
FENE, BRESEEEEBEATI, AT=HE
: Some changes, occasionally don' _
Daily t turn on lights or air-conditioning unless 21.43%
) necessary.
Habits
BUHEE, BURRREMLISE: Some
changes, aware _ 14.29%
of energy saving but not sustainable
HEENE, SEETHHTA
acice encrgy saing TN, -
actively practice energy-saving °
behaviours
0 10 20 30 40 50
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8. Appendix 5:

Interview Outline for Discussions with Operators and Investors

For Operators:

1. What are your specific responsibilities in building operation and management, and what
training have you received?

2. What are the main components of this building's operational costs (e.g., energy costs,
equipment costs, etc.)? Please consider: heating, air conditioning equipment, fresh air
systems, domestic equipment, lighting, office equipment, water, gas, and equipment
maintenance.

3. What types of issues do users frequently report to you?

4. What technical or managerial problems or challenges have you encountered during
operation and maintenance? What future needs do you anticipate in the operational
process?

Specifically for ZEBs:
5. Inyour view, what are the main aspects that make this building attractive to users?
6. What experiences or insights would you be willing to share with future operators of similar

projects?
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For Investors:

1. How do you assess the payback period and expected return on investment (ROI) for this

building project?

2. What top-level policy support has this ZEB project received? How do you view the impact

of such policies on investment in ZEBs?

3. What is your perspective on the market potential and growth trends for ZEB projects?

What advantages and challenges do you see for ZEBs in future development?

4. Please briefly describe the external promotion and publicity efforts for this ZEB project.
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