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Executive Summary

B New Era for Building Energy Saving Development

Global consensus on low-carbon development. More than 170 nations in
the world have signed the Paris Agreement, setting the goal of the global
temperature rise to well below 2 degrees Celsius above pre-industrial levels
and pursuing efforts to limit the temperature rise to 1.5 degrees Celsius. As a
main carbon emissions country, China actively pushes forwards lower
emissions and intensifies nationally determined contribution. More powerful
policies and measures shall be adopted to have carbon dioxide emission
reached at its peak by 2030 and achieve carbon neutral by 2060. Especially
the current pandemic leads to slowdown of global economic growth so that
much attention is paid to green economic recovery.

Renewable energy booming. Renewable electrical energy is the basic
approach to replacing fossil energy. Massive researches show that renewable
energy in China is expected to reach more than 50% in primary energy
consumption by 2050. Building electrification is a necessary approach to
promote application of renewable electrical energy in the building field.

Resource utilization of building envelope. Wind energy and solar energy
are characterized with low density and scattered distribution, thereby mainly
developing in a distributed manner. Building roofs and vertical surfaces
exposed to sufficient solar radiation would become the best places to install
the solar photovoltaic system. It has been roughly estimated that the roof
surface of civil buildings in China having access to the solar photovoltaic
system exceeds 10 billion m? and the annual energy output reaches 2 trillion
kWh. Building exteriors shall be taken as a main resource for building power
consumption and a new approach to building energy saving.

Sustainable development of urban energy system. Highly penetrated
renewable energies pose severe challenges to the safety and reliability of the
urban energy system. Power supplies, nets, loads and energy storage shall be
subject to interaction control, and several energies (such as thermal and
electrical) shall work together to cope with the challenge and achieve
sustainable development of the urban energy system. It is becoming the new
sector of building energy saving to explore distributed building energy
storage and adjustable loads and to improve the flexibility of building
energies, except energy efficiency upgrade.

Economic revival of rural and western regions. Rich land resources in
rural and western regions are the foundation to develop such renewable
energies as solar energy, wind energy and biomass energy. Electrification of
domestic hot water, heating and farming equipment can therefore improve
energy efficiency and decrease the utilization of scattered coal, playing a
significant role in improving the living conditions of farmers, reduce
environmental pollution and promote rural economic development.



B  Rapid development of building electrification in China

- Trend of building electrification in China. Until 2017, the building
electricity consumption amounts to 26% of total electricity consumption, the
building per capita electricity consumption 1186kWh and the building
electrification rate 48%. Compared with 2001 data, the building per capita
electricity consumption increases by 4 times and the building electrification
rate rises by 29%.
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- Significant electrification difference in provinces and cities. The building
per capita electricity consumption relates to different household economic
consumption levels. In Tier 1 cities such as Beijing and Shanghai, the
building electricity consumption reaches 3000 kWh per capita, more than 2
times of the average national amount. In addition, the heating demand differs
in the south and north, resulting in a significantly different building
electrification rate.
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Gap in Building electricity consumption between China and Developed
Countries. China witnesses a significant gap in building per capita electricity
consumption compared with developed countries, and thereby a great
potential in building electrification growth. However, it does not mean that
the related number may rise to the level of developed countries, because the
difference in energy utilization and upgrade of energy efficiency shall be
considered.
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Figure III Building Per Capita Electricity Consumption in China and Developed Countries

B Building Electrification Sweeps around the World

Building electrification pushed by California contributes to the goal of
carbon neutral by 2045. Berkeley took the lead in enacting laws to stop
using natural gas in new buildings in 2019. More than 25 cities and towns
then followed Berkeley to take measures demanding or strongly supporting
electrification in new buildings. The other 50 cities and towns are considering
the formulation of similar laws and regulations to push forward building
electrification. As required by 2019 Los Angles Sustainable Development
Plan, the goal of zero emission for new buildings shall be reached by 2030
and all existing buildings shall be subject to zero emission reconstruction by
2050. San Jose aims to achieve the goal of 47% building electrification.

Heating electrification in Europe aims to achieve the goal of 86% carbon
emission reduction in heating and cooling sectors. The European scholars
have established Heat Roadmap Europe 4 in 2018. In the cities and towns
with centralized heat supply, the heat supplied by large heat pumps shall
reach to 25% of the total heat. For the regions inaccessible to centralized heat
supply networks, the heat supplied by high-efficient heat pumps shall be
close to 50% of the total heat in that region. The carbon emission in the field
of heating and cooling sectors will reduce by 4.34 million tons or 86% by
2050, compared with that of 1990. The new carbon emission reduction
technology allows decreasing the annual investment cost by 6%, compared
with the regular carbon emission reduction technology. The fossil energy
consumption in the field of heating and refrigeration will reduce by 10.4
TWh in 2050, compared with that of 2015. At the same time, natural gas and



low-efficient heating technologies shall be fully replaced, and the heating and
refrigeration technologies bring about 100% renewable energies in the whole
energy system.

B Demand side: Building electricity consumption and electrification
rate upgrade technology
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Figure IV Technical Approach to Increasing Building Electrification Rate

Natural Growth of Electricity Consumption The building electricity
consumption relates to the household consumption level. As the living
conditions keep improving, the number of electrical appliances and using
frequency shall witness natural growth. If the average -electricity
consumption nationwide is close to that in Tier 1 cities, i.e., about 2800 kWh
of the building per capita electricity consumption, the nationwide building
electricity consumption shall exceed 4 trillion kWh. At the same time,
Building energy saving policies continue to reduce energy consumption in
building heating, almost offsetting the energy consumption growth resulted
in by rise in the building heating surface of the northern region. The building
electrification rate shall therefore see natural growth.

Electrification of Domestic Hot Water. For the Centralized domestic hot
water system of residential buildings and public buildings, heat loss is
significant. Scattered electric water heaters shall be then used to achieve
efficient energy saving and promote the utilization of renewable energies.
The domestic hot water system of public buildings shall be separated from
the steam heating system. The highly-efficient electric heat pump shall be
used as a heat source and obvious energy saving benefits expected.

Electrification of Space Heating in North Urban Areas. District heating
networks are popular in north urban China, which provide convenience for
recovering the surplus heat inside power plants and industrial plants.
Compared with electric heating technologies such as the electric heat pump,
the surplus heat is more efficient and economical; thus, it shall be taken as a
priority for centralized heating in north urban China. The electric heating
technologies can be used for an additional heat supply when surplus heat is
not enough, accounting for a certain percentage in the centralized heat supply
system in north urban China, but full electrification shall not be pursued,
especially in consideration of the seasonal decrease of renewable energy in



winter .

Electrification of Space Heating in North Rural Areas. Electric heating
technologies as the air-source heat pump are promoted in north rural areas,
which is an effective approach to replacing scattered coal and reducing
atmosphere pollutant discharge. It should be noted that the thermal insulation
properties of buildings shall also be strengthened to avoid increase in power
costs for farmers and the capacity of power grids. Electrification shall keep
pace with the structural insulation and demand response technologies in
north rural residential buildings.

Electrification of Cooking. On one hand, more attention shall be then
attached to cooking electrification in public buildings, because more and
more urban residents choose to eat out and energy consumption for cooking
moves from residential houses to public buildings. On the other hand, it is
important to change the cooking habit of households. Cooking electrification
guidance is needed. Highly-efficient electric cooking facilities shall be
promoted.

m Supply Side: New Building Power Supply and Distribution
Technologies
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Figure V New Building Power Supply and Distribution Technology

Features of the new building power supply and distribution system.
Distributed photovoltaic shall be installed inside buildings. Energy storage
batteries shall be provided in the system; adjustable and interruptible smart
electric building equipment, including smart air-conditioning, smart lighting
and smart charging piles; and an LVDC power distribution system.

The advantages of the new building power supply and distribution system.
Compared with the traditional one, power supplies, storage energy and loads
were integrated together. The building power demand will be flexible, because
more interruptible and adjustable loads are connected. In addition, the LVDC
power distribution system will promote energy efficiency, improve power
supply reliability, and simplify energy control.



B Building Electrification Promotes Low-Carbon Development and
Industry Upgrade

90% of building electrification rate in 2050 is required to reach the goals
of 1.5 degree and carbon neutral. Based on LBNL building energy
consumption model, building electrification scenario is built in this project.
Under the reasonable increasing trend of building energy demands, two
“90%" (building electrification rate 90% and non-fossil power rate 90%) are
required to reduce the carbon emission of building sector to 0.55 billion tons.
This scenario can satisfy the goal of 2 degree. As for the goals of 1.5 degree
and carbon neutral, more aggressive policies on building electrification and
building energy demand control should be applied.

Carbon emission for buildings will reach its peak by 2030. Carbon
emission of building sector under the electrification scenario will reach its
peak around at 2.1 billion tons by 2030.

The goal of low carbon development in China is supported. Building
sector carbon emission will keep reducing after 2030 and stand at lower than
1 billion tons CO2 per year by 2050, 75% of the number under the reference
scenario, supporting the energy system in China meets the goal of carbon
emission under the 2K scenario established in the Paris Agreement.

Atmosphere pollution treatment. The NOx and SO emissions under the
electrification scenario reduce by 82% and 83% compared with those in 2020,
and by 75% and 77% compared with those of reference scenario, respectively.

Upgrade of building power supply and distribution industry. The new
building power system pushes forward its core technologies, such as
distributed PV, distributed power storage, DC building power distribution,
flexible building energy control and energy internet. As calculated by the
Alliance of DC Building, the market scale of affiliated industrial chains can
reach RMB 0.7 trillion per year.
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Figure VIII Primary energy consumption in end-use of building sector

B S.W.0O.T. Strategy for Building Electrification

SO strategy- Targeting new needs. Develop high-efficient electrification
replacement and the new building power system; improve the efficiency and
reliability of the system; achieve building energy control and response to demand;
promote urban low-carbon energy transformation and integration of power supply,
grid, load, storage and control.

WO strategy-Making full use of existing policies and funds. Establish sample
buildings or zones; try new technologies and policies; integrate industrial chains;
formulate iterative standards; verify the technology and policy are feasible and
acceptable to the customer.

ST strategy-Promoting proven technique. Integrated development of buildings,



power grids, traffic and industries allows reducing the technology iteration period
and equipment cost. Take the advantages of emission reduction and safety for
electrification, to push highly-efficient energy replacement, especially scattered
coal in rural areas and coal boilers in cities. Take full use of local distributed
renewable energies to reduce the consumption cost of customers, even bringing
benefits in villages.

WT strategy-Make new policies and funds. Top planning is given nationally as
per the long-term low-carbon development objective, confirming the development
approach to building electrification. Financial subsidies and policy support are
given to sample projects and innovative technologies. Stimulate electrification
replacement; promote technical innovation, equipment R&D and standards
preparation for the new building power system.

Figure IX S.W.O.T. Analysis of Building Electrification
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Strengths (S)

Promote renewable energy

Improve building energy efficiency and reliability
Achieve building energy control and response to
demand

Integrated development of buildings, power grids
traffic and industries

SO strategy

Targeting new needs

¢ Develop high-efficient electrification replacement
and the new building power system; improve the
efficiency and reliability of the system; achieve
building energy control and response to demand;
promote urban low-carbon energy transformation and
integration of power supply, grid, load, storage
and control
Develop the new building power system in cities and
villages; promote new urbanization and rural
buildings; rely on domestic industrial chains to
improve inner economic cycle

ST strategy

Promoting proven technique

¢ Integrated development of buildings, power grids,
traffic and industries allows reducing the
technology iteration period and equipment cost
Take the advantages of emission reduction and
safety for electrification, to push highly—
efficient energy replacement, especially scattered
coal in rural areas and coal boilers in cities

» Take full use of local distributed renewable
energies to reduce the consumption cost of
customers, even bringing benefits in villages with
rich renewable energies

Weaknesses (W)

.

Time needed for customer behavior
change

Early investment for key equipment R&D
Incomplete standards and policies

WO strategy

Making full use of existing policies and
funds

Establish sample buildings or zones
try new technologies and policies
integrate industrial chains; formulate
iterative standards; verify the
technology and policy are feasible and
acceptable to the customer

WT strategy

Make new policies and funds

Top planning is given nationally as per
the long—term low—carbon development
objective, confirming the development
approach to building electrification
Financial subsidies and policy support
are given to sample projects and
innovative technologies. Stimulate
electrification replacement; promote
technical innovation, equipment R&D and
standards preparation for the new
building power system.



B Objective of Building Electrification

Figure X Objective of Building Electrification

2018 2025 2035 2050

Power Urban distributed PV coverage rate 0.5% 1.4% 2.7%  3.0%
Supply Non-fossil energy rate of building power 29% 40%  55% 90%
supply
Reliability of building power supply 99.94% 99+X%
Power Building per capita electricity 1180 2000 2600 3400

Consumption consumption/kWh
Building electrification rate 48% 60% 75% 90%

Rate of building electricity consumptionto  26% 30% 35% 40%
total electricity consumption

Project Building PV install capacity /GW 20 80 300 1000
Construction  pyjlding power storage capacity /GWh / 0.5 25 300
Building area of the buildings applying the / 0.05 2 20

new Building Power Supply and
Distribution Technologies /billion m?

- Short-term: 2020-2025 rapid growth in building power consumption and
emerging of new building power system. During the 14" five-year
program, the economic level will keep improving; such sectors as clean
heating and domestic hot water are being pushed forward. The building per
capita power consumption is expected to be slightly higher than the annual
average growth showed for the 13" five-year program and reach 2000 kWh
with 60% of the building electrification rate by 2025(calculated as per coal
consumption power generation). Urban distributed PV devices will cover 1.4%
and Non-fossil power supplies for buildings amount to 40%. The power grid
will supply 99% power while the rest of 0.X% will be solved by buildings,
ensuring the reliability of power supply. The new building power supply and
distribution technologies are still at the initial development stage, mainly
relying on national policies to push forward sample projects. It has been
forecasted that, by 2025, the buildings applying such technologies will cover
50million m?; the total installed capacity of PV devices (excluding industrial
buildings) will reach 80 GW and the scale of building energy storage stand
at 0.5million kWh.

- Mid-term: 2025-2035 slow growth in building power consumption and
booming of new building power system. During 2025~2035, economic
growth will slow down, as well as the building per capita power consumption
and the rate of electrification. It is expected that the building per capita power
consumption reaches 2600 kWh with 75% of the building electrification rate
by 2035 (calculated as per coal consumption power generation). Urban
distributed PV devices will cover 2.7% and Non-fossil power supplies for
buildings amount to 55%. The new building power supply and distribution



technologies will turn out to be mature and prominent in economic benefit.
The Chinese government has committed to having a carbon emission peak
around 2030. The duration of 2025~2035 will witness a rapid growth of
renewable energy technologies and the new building power supply and
distribution system. It has been forecasted that, by 2035, the buildings
applying such technologies will cover 2billion m2; the total installed capacity
of PV devices will reach 300 GW and the scale of building energy storage
stand at 25 GWh.

Long-term: 2035-2050 highly electrified building sector, mature new
building power supply and distribution technologies, and highly
penetrated renewable energies During 2035~2050, the building power
consumption will still keep a stable growth and electrification constantly
push forward. It is forecasted, by 2050, that all buildings will be electrified,
except in the northern regions adopting combined heat and power generation
and rural areas adopting bio-mass; the building per capita power
consumption reaches 3400 kWh with 90% of the building electrification rate
(calculated as per coal consumption power generation). Urban distributed PV
devices will cover 3.0% and Non-fossil power supplies for buildings amount
to 90%. The new building power supply and distribution technologies will
be adopted in a large scale and it is forecasted that, by 2050, the buildings
applying such technologies will cover more than 20 billion m2; the total
installed capacity of PV devices will reach 1000 GW and the scale of building
energy storage stand at 300 GWh.

Suggestion on building electrification policies

Confirm the goal of building electrification. Such a goal shall be indicated
in special plans, such as energies, electric power, renewable energies,
response to climate change, energy-saving and emission reduction, building
energy saving and green buildings.

Complete technical standards and codes. Building electrification related
technical standards and codes shall be prepared, such as DC buildings, power
grid friendly buildings, energy internet users.

Strengthen research on building electrification technologies. The new
building power supply and distribution system, which integrates distributed
PV, distributed storage batteries, flexible power consumption and loads and
LV DC power distribution technologies shall be studied.

Strengthen research on building electrification systems. The following
shall be studied, i.e., the electric price system adapted to distributed energies
and energy storage development, integrated design and operation
technologies for buildings and electric car charging piles, interaction
technologies of buildings and urban power grids and the compensation
system.

Promote the construction of sample projects. Establish sample projects
applying new electrification technologies; plan and implement highly-
efficient electrification technologies and new building power supply and
distribution technologies; put new policies into trial.



- Support the development of new building power supply and distribution
industrial chain. Financial support shall be given at the initial development
stage of building DC power distribution and building energy storage.

- Stimulate stakeholders to build electrification. Strengthen publicity to
allow those entities of importance and strong influence to understand the way
how building electrification develops and its objective. Strengthen guidance
for those entities of importance but low influence to gradually be involved in
building electrification. Attention shall be attached for those entities of strong
influence but low importance to understanding the value of building
electrification; it may be hard for such entities to consider the role of building
electrification from their own value or benefit.
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Non-electricity device supplier @ @ Householder
PV device supplier o

Appliance supplier o
Gas supplier @
Coal supplier @ @ Building authority

Weak Influence Strong Influence
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Figure XI Stakeholders to Building Electrification

B Integrated Development of Building Electrification, Power Grid,
Traffic and Industries

- Building and power grid. Building is the main consumer in the urban power
grid. Building electrification upgrades the amount of power consumption and
promotes power consumption growth. The new building power supply and
distribution system turns out to be quite flexible. Power decoupling and oft-
grid operation can be achieved to strengthen the reliability of the power
system. The power grid supplies 99% of the demand while the building
supplies the remaining 0.X% demand based on its feature. In addition,
building flexibility upgrade also allows the distributed building energy
system to be involved in peak and frequency modulation for the urban power
grid, absorbs more renewable energies, reduce the building load peak and
ease the pressure imposed by the power grid capacity increase in a building
complex and the peak modulation of the urban power grid.

- Building and traffic. New energy vehicles are transferring from the B-end
market to C-end market and the daily average parking time reaches 80%,
therefore quick charging is not necessary. If we also take into account the
influence of charging on the load peak of a power transformer, slow charging
shall be adopted for charging piles around the building and supported by the
technologies of orderly charging and two-way charging/discharging. The



power grids and charging piles of residential building complexes and public
buildings shall be considered and constructed together. Power consumption
of buildings and traffic shall be highly coupled.

- Building and industry. Building electrification replies on such new building
power supply and distribution technologies as PV, energy storage and DC
power distribution. Industries and civil buildings are two application
scenarios in a city. New building power supply and distribution technologies
may develop between different scenarios. For example, the LV DC power
distribution technology is mainly used in the building scenario to promote
the application of building PV and energy storage and strengthen power
flexibility in buildings; in the industrial scenario to solve voltage sag and
ensure the reliability of power supply. Energy density and driving safety shall
be mainly considered for storage batteries in the vehicle industry; storage
economy and firefighting safety shall be mainly considered in the building

scenario.
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Figure XII Interaction Relation of Building Electrification, Power Grid, Traffic and Industries




