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Executive Summary

1. Significant Progress in the Development of PEDF Buildings

Remarkable Benefits in Energy Conservation and Carbon Reduction: In
the context of highly electrified buildings, PEDF buildings have
demonstrated carbon reduction capabilities exceeding 60% during their
operational phase. In addition to direct carbon reduction benefits, the ability
of PEDF buildings to adjust the supply and demand balance of the grid can
make indirect carbon emission reduction effects outside the building line
come into effect. Moreover, PEDF buildings excel at absorbing and utilizing
high levels of renewable energy. For example, a 10,000 m?> PEDF building
equipped with 50 electric vehicles can consume up to 1 MW of wind or solar

energy.

Inclusion in Government Agendas at Various Levels: From the State
Council to local provincial governments, nearly 20 provinces have included
the development of PEDF technology and the construction of new types of
building power distribution systems. These initiatives are being prioritized to
stimulate high-quality growth in the construction sector, and also aim to
promote the power electronics and household appliance industries, ultimately
shifting energy consumption patterns to a more sustainable model from the
consumption side. The economic and social benefits of these steps are
significant, especially in achieving collaborative low-carbon development

across society.

Emergence of PEDF Project Case Studies: According to statistics from the
Photovoltaic, Energy Storage, Direct Current, Flexible (PEDF) Committee of
the China Association of Building Energy Efficiency (CABEE), by the end of
2022, China had completed and had under construction more than 60

demonstration buildings featuring PEDF, covering an area of approximately



1.1 million square meters. These buildings are primarily located in
economically developed areas such as the Pearl River Delta, Yangtze River
Delta, Beijing, and Shanghai. Guangdong Province, in particular, has
received additional policy support for PEDF projects due to the low-carbon
development policy of the Guangdong-Hong Kong-Macao Greater Bay Area.
Beijing and Jiangsu Province have pioneered PEDF pilot projects, including
experimental research buildings and technological demonstrations. Shanxi
Province leads in the application of PEDF technology in townships and rural
areas, with some rural projects reaching MW scale. In addition, Hubei,
Jiangxi and Guizhou provinces have also begun to showcase examples,
indicating broader local government recognition and support for PEDF
technology as a key low-carbon development pathway and one of the key
application technologies for future energy transformation, especially in the

context of China's "dual carbon" goals.

2. Current State of Relevant Standards for PEDF

- Since the concept of "PEDF" was officially proposed in October 2021, there
have been no existing standards specifically focused on the integrated
application of PEDF. A review of the existing standards for each sub-
technology under PEDF shows that they are mainly consist of recommended

technical standards, design standards, and assessment standards.

- Standards for Building Photovoltaics (PV) Are Well-Established: The
current system of building PV standards are relatively comprehensive and
largely meets the needs of engineering applications. However, there is an
overemphasis on installation over utility, with insufficient guidance and
requirements for building self-consumption of the PV energy generated. In
addition, the industry's focus on the "optimal angle" concept and "building

integrated photovoltaic" ironically hinders the adoption of PV by architects.
- Gaps in Current Energy Storage Standards for Building and Customer-
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Side Applications: Current energy storage standards focus primarily on
norms and guidelines for energy storage stations, leaving a gap in the
standards for building energy storage and customer-side energy storage
applications. This situation may be improved with the upcoming publication
of the Technical Regulations for the Connection of Customer-side
Electrochemical Energy Storage Systems to the Distribution Grid. However,
there is still a lack of technical requirements and norms for bringing energy

storage systems "into buildings" and electric vehicles "into buildings."

The current standards related to direct current (DC) mainly focus on
low-voltage DC applications in power systems, lacking system standards
for DC distribution design and DC product standards: In January 2022,
the first Design Standard for Direct Current Power Distribution of Civil
Buildings (T/CABEE 030-2022) was published and implemented, providing
standard support for guiding the design of DC distribution systems in
buildings. In 2023, the revision of this standard was initiated to further clarify
or improve the standards based on more engineering practices. The revision
includes load grading and flexible adjustment (lower limit of equipment
power adjustment), voltage level and fluctuation identification, photovoltaic
self-consumption rate and improvement, and dynamic -calculation of
photovoltaic energy storage and flexibility. As for DC products, although
new national standards were published in September 2023, namely the Plugs
and Socket-Outlets for Household and Similar Purposes — Part 1: General
Requirements (GB/T 42710.1-2023) and the Plugs and Socket-Outlets for
Household and Similar Purposes — Part 2: Types and Dimensions (GB/T
42710.2-2023), there is still a glaring lack of DC product standards. In
addition, there is a lack of guidance on how to better integrate DC building

distribution with building electrical design standards.

Standards for Flexible Electricity Usage Are Incomplete: Existing

standards in this area primarily address demand response and grid connection
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requirements, and lack standards related to flexible electricity use on the load
side and support for electrical devices participating in flexible adjustments. A
group standard is currently released, Assessment standard for Photovoltaics,
Energy storage, Direct current and Flexibility(PEDF) system in buildings
(T/CABEE 055-2023), which aims to establish assessment metrics and
testing methods for overall PEDF performance, particularly in the area of
flexibility. Standards covering topics such as DC household appliance
flexibility assessment, DC household appliance flexibility control test criteria,
and building electrical system flexibility quantification methods are also
being included in the 14th Five-Year National Key R&D Program, with the
expectation that a preliminary framework for flexibility-related standards will

be established within the next 3 to 5 years.

Table 1 Existing Issues in the Current Standard System

Category Existing Issues in the Current Standard System
Building 1) Emphasis on "installation" rather than "use": How to self-consume?
Photovoltaic (PV) How to maximize benefits? (In the era of subsidy decline)

2) Conflict between the concept of "optimal angle" and "building
integrated photovoltaic"
Building Energy 3) Standards exist for energy storage stations but none for "indoor
Storage integration"
4) Standards exist for electric vehicles and vehicle batteries, but none for
"indoor integration"
DC Distribution 5) Standards exist for construction but none for products
6) How to better integrate with building electrical design standards
Flexible Electricity 7) Standards exist for adjustable power supply but none for load-side
Use flexible electricity use adjustments
8) Theoretical support exists on the load side, but lacks standard support
for electrical equipment
Comprehensive 9) How to make standards effective in a context dominated by mandatory
national standards
10) How to coordinate among leading and competent departments to
reduce marginal areas, such as indoor energy storage integration,
bidirectional electric vehicles, flexible electricity use, etc. (involving

industrial information, energy, construction, electricity, etc.)
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3. Common Technical Issues in PEDF-related Standards

- Terminology and Symbols. Standards related to PEDF not only cover
multiple disciplines such as building science, mechanical and electrical
engineering, and HVAC, but also include disciplines such as power
electronics, electrical engineering, energy economics, and even finance.
There may be variations in the terminology and symbols associated with
PEDF technologies across different disciplines and applications. Therefore,
standardization of the terminology, symbols, and parameter definitions
associated with these technologies is of significant importance in advancing
the application of PEDF technologies. This includes terms such as PEDF,
building electrification rate, active power response, and building grid

consumption rate.

- Voltage Levels. In DC systems, voltage and power are intrinsically linked,
allowing for active voltage adjustment to achieve specific control objectives.
Even under standard conditions, the voltage of the DC system will fluctuate
within a predefined range. For a versatile DC system that can accommodate a
variety of equipment, it is essential to explicitly specify the range of voltage
fluctuation, regardless of how the voltage levels are labeled. Engineering
design standards should adopt the notion of rated voltage to describe the
voltage level of the DC system. To accurately capture the unique
characteristics of DC voltage, it is recommended that any clauses in the
standards that refer to voltage ranges explicitly state the specific values and
ranges. For example, for a DC distribution system with a rated voltage of
750V, the voltage range should be explicitly defined as 640V to 800V; for
one with a rated voltage of 375V, the range should be 320V to 400V.

- Standardization and Modularization of Electrical Equipment and
Accessories. 1) Converters: The relationship between converters and the DC

bus in PEDF systems is highly integral. Issues related to the quality of
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electrical energy in DC systems can lead to anomalies in converters, and
conversely, faults in converters can disrupt the normal functioning of DC
systems. Therefore, it's imperative to clearly define the operating conditions
for converters. Regulatory requirements must be established for the control
and protection functions of converters and their ability to withstand common
abnormal conditions; and 2) Safety and Protection Devices: From the
standpoint of electrical shock protection, fault isolation, and maintenance, it
is critical to install isolators between the DC bus and the connected
equipment that provide reliable disconnection when necessary. Circuit
breakers, which serve the dual purpose of overcurrent protection and
electrical isolation, are simple, effective, and promising for use in DC
distribution systems. Given the significant differences between DC and AC
electrical arcs, circuit breakers within DC systems must be equipped with DC
arc-extinguishing capabilities.

- Quantification of Load Flexibility. The degree of "flexibility" inherent in
PEDF buildings speaks volumes about their potential to modulate the balance
between electrical supply and demand. This is particularly important when
considering their role in spearheading a novel electric power system based on
zero-carbon energy. The ultimate goal of incorporating load management
capabilities into these structures is to reduce peak power consumption,
thereby minimizing the volatility of building energy use. This, in turn,
smooths the grid's load curve, enabling a more agile, resilient, and
economically efficient power supply. To quantify these capabilities,
assessments are typically divided into two distinct but complementary
aspects: Single-Instance Adaptability and 24-Hour Continuous Adaptability,
which mainly involves three elements: adjustment depth, duration and

adjustment cost.

4. Internal and External Synergy in PEDF Standard Systems

- A phased rollout of synergistic initiatives related to the establishment or
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modification of standards for PEDF technology is essential, including
collaboration with mandatory standards. Given that PEDF is a new
technology still in the demonstration phase, its practical applications have
only been around for about five years. As a result, many existing national and
industry standards either don't address the unique needs of PEDF
applications or have become obsolete for modern PEDF technology
requirements. Therefore, initiating synergistic research with the PEDF
technology specifications in current or upcoming standards revisions is
critical to fostering the scaled development of PEDF. This is especially
relevant at a time when the nation is undergoing standardization reforms that
focus only on distinguishing between mandatory and recommended standards.
In this context, alignment with mandatory standards is critical to the

widespread adoption and application of PEDF technology.

Inclusion of PEDF-related technologies in 7 existing or new standards
for green buildings, zero-carbon buildings, and low-carbon green
communities. New terms and clauses related to building-grid interaction and
load adjustment are added as bonus criteria in the draft for partial revision of
the Green Building Evaluation Standard (GB/T50378) to promote and guide
the adoption of PEDF technologies for building-grid interaction. In addition,
based on research findings and existing engineering practices, PEDF
technology will be integrated into criteria for near-zero and zero-carbon
buildings and included in the draft national standard, the Zero Carbon

Building Technical Standard.

Incorporation of DC building distribution systems into 7 energy-efficient
electrical design standards of innovative power supply and distribution
specializations. From a holistic perspective of energy efficient design, the
focus should be not only on the demand side of building electricity use, but
also on the high proportion of renewable energy supply and the newly

constructed power system that both constitute. This is a key point where
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synergies between PEDF and building energy efficiency design standards are
needed. The pivot should be from an emphasis on energy conservation
(saving kWh) to flexibility (adapting kW). Energy savings and flexibility are
inherently complementary; when energy efficiency is low, flexibility can't
solve the problems and energy conservation becomes the primary goal.
However, when energy efficiency reaches a certain point, flexibility takes
precedence. Their relationship also varies with the energy mix: when fossil-
fueled electricity dominates, energy conservation takes precedence; as the
share of renewable, zero-carbon electricity increases, flexibility takes

precedence.

- Inclusion of building-grid interactions and load flexibility into carbon-
neutral building-related standards. Buildings can rely on distributed
energy resources, energy storage, DC distribution, and flexible electricity use
to adjust energy loads in response to grid signals. This shift of building
energy demand from periods of peak grid demand to periods of peak supply
helps smooth out grid peaks, following the basic principle of grid interactive
technologies. Buildings based on this technology, known domestically as
Grid Interactive Buildings (GIB) and internationally as Grid-interactive
Efficient Buildings (GEB), are an emerging field. The key indicator to
measure such building-grid interaction capabilities is the building load
adjustment ratio. Clauses related to this, along with the rate of building
electrification, are included in the draft of the Carbon Neutral Building

Evaluation Standard.

Table 2 List of collaborative standards

Standard Revision Standard Formulation

Mandatory Standard

Coordination Coordination

1) Technical Standard for Zero | 1)
Carbon Buildings (National
Standard

Coordination

1) Standard for Electrical
Design of Civil Buildings (GB
51348-2019)

Solar
Specifications
National Standard)

Power  Project
(Mandatory

2) Assessment Standard for
Green Building (GB/T 50378-
2019)

2) Evaluation Method and
Criteria for Green Buildings
(Shenzhen Local Standard)
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2) Electric Vehicle Charging
and Swapping Facilities Project

Specifications (Mandatory



3) Assessment Standard for
Green Retrofitting of
Existing Building (GB/T
51141-2015)

4) Evaluation Standard for
Application of Renewable
Energy in Buildings (GB/T
50801-2013)

5) Design Standard for
Energy Efficiency of Public
Buildings (GB/T 50189-2015)
6) Design Standard for
Energy Efficiency of Public
Buildings (Beijing DB11/687-
2015)

7) Design Standard for Direct
Current Power Distribution

of
Civil Buildings (China
Association of  Building

Energy Efficiency Standard -
T/CABEE 030-2022)

5. Challenges and Countermeasures in Synergizing to PEDF-related

3) Regulations on Building National Standard)

PEDF Technology (Shenzhen
Local Standard)

4) Evaluation Criteria for
Xiongan New Area Low-
Carbon Green Community

(DB1331/T037-2023)

5) Standards for Evaluating
Carbon-Neutral Buildings
(Standard of China Association
for Standardization (CAS))

6) Performance Evaluation
Standards for Building Air-
Conditioning Load Flexibility
(Standard of China Association
for Standardization (CAS))

7) Technical Regulations for
Managing  Electric =~ Power
Demand in Public Buildings
(Standard of China Association
for Standardization (CAS))

8) Technical Regulations for
Electrochemical Energy
Storage in Buildings (Standard

of China Association of
Building Energy Efficiency
(CABEE))

9) Assessment standard for
Photovoltaics, Energy storage,
Direct current and
Flexibility(PEDF) system in
buildings (T/CABEE  055-
2023)

10) Universal Technical
Standards for Building PEDF
System Inverters (Standard of
China Association of Building
Energy Efficiency (CABEE))
11) Solar Components
Integrated Design and
Installation  for  Buildings
(National Building Standard
Design Atlas)

12) Building PEDF System
Design and Installation
Standard  Atlas  (Sichuan
Provincial Building Standard
Design Atlas)
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Standards

The establishment of product standards for DC power distribution in
buildings is progressing. The standards for DC plugs and sockets have
already been published, and the standards for DC terminal appliances
and DC distribution equipment are underway: The standards for DC
plugs and sockets, released in September 2023, include the Plugs and Socket-
Outlets for Household and Similar Purposes — Part 1: General Requirements
(GB/T 42710.1-2023) and the Plugs and Socket-Outlets for Household and
Similar Purposes — Part 2: Types and Dimensions (GB/T 42710.2-2023). The
standards for DC terminal appliances will be based on the research conducted
under the "14th Five-Year" National Key Research and Development
Program's 2022 project "Development and Demonstration of DC-based
Building Electromechanical Equipment", and the standards for DC
distribution systems are also scheduled in the "14th Five-Year" National Key
Research and Development Program guidelines for 2023, with the

application currently being submitted.

To enhance the standards for DC power distribution and PEDF systems,
eight in-depth research topics have been initiated. The establishment of
standards, such as the Shenzhen Local Standard Regulations on Building
PEDF Technology, has been initiated to further strengthen the
standardization of PEDF technologies and maximize the value of
"flexibility" in PEDF standardization: Through an analysis of 244
standards related to the four technological components of PEDF, we've
identified several current challenges in PEDF applications (as shown in Table
1). PEDF embodies both the visible and underlying aspects of engineering
processes and outcomes. While it explicitly clarifies the elements of new
building power supply systems, it is the intangible aspect of "flexibility" that
truly represents its engineering value. Traditional approaches mainly focus on
the binary questions of "presence or absence" and "utility or futility" in
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engineering, seldom considering the quality of the results. The standards
related to PEDF should be guided by flexibility and focus on system
performance. At the end of August 2023, the local standard Technical
Regulations for PEDF in Building Engineering was initiated in Shenzhen,
which will further promote the large-scale application of PEDF in buildings.
The standardization of DC distribution for power utilization is being
promoted, and the opportunity for transformation has emerged: In
August 2023, the National Standardization Administration of China issued
the Interim Provisions on the Adoption of Group Standards as Recommended
National Standards. This provision allows group standards with advanced,
leading, and well-implemented technical content that has been implemented
for at least 2 years and has shown good results to be adopted as
recommended national standards. This will be an important opportunity for
the national standardization of DC distribution standards that have already
been published or are being developed. Additionally, the joint issuance of the
Guidelines for the Construction of Carbon Peak and Carbon Neutrality
Standard System by eleven departments, including the National
Standardization Administration, will also play an important role in promoting
the development of DC distribution standards for PEDF in buildings.
Establishing communication mechanisms for technical standards in the
building and electrical sectors, in order to collectively advance the
National Action Plan for Carbon Peak and Carbon Neutrality, as well as
the development of the broader standardization framework: PEDF is the
natural outcome of multi-disciplinary, cross-sector and cross-industry
integration. It includes not only construction, mechanical and electrical
engineering, and HVAC, but also fields like power electronics, electrical
engineering, energy economics, and even finance. As such, it plays a critical
role in accelerating the growth of various sectors such as new energy, digital
economy, and green consumption, as well as the energy transition in
construction, electrical, and transportation industries. The development of a
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cohesive PEDF standardization framework will enhance standard
interoperability across industries and strengthen top-level design and
coordinated formulation of technical standards. A focus will be placed on
facilitating engineering implementation, technical assessment, and the
standardization of DC interfaces and electrical appliances. As the theoretical
and practical advancements in PEDF continue to evolve, its related
standardization framework will become increasingly comprehensive. The
core objective of PEDF lies in "flexibility"—flexible energy utilization and
load adjustments. Relevant standard formulation has already been
incorporated into the national action plan and guidelines for achieving peak
carbon neutrality, thereby serving as a technical pillar and pioneer in

promoting a green, low-carbon energy transition.

[ Bk FURAE U 7 |

[

|
0. HERHH 1) L. RO 2. ik 3. bl

EREW 1E

F A —
21|

B 1o

LSO § T
SHESNG T E T}

EEREERBEW 1 TE

Bt 1T — |

DHERERRE VT

RESHFRECTNF ¥EE

WBHECVEBDEY T
BFHSNEBDEY €T
BERBEY Ve

e
RARJRESHF £TT

ERMTRRIO ¢ T T -

DHSBUTERSRFEREDIET £270

[ s g
| BTt o 1% |

Figure 1 Carbon Peak and Carbon Neutrality Standard System
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