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Executive Summary

B How do buildings and power grids cooperate to achieve low-carbon
development?

Buildings need to further reduce carbon emissions on the basis of energy
conservation. The construction field is changing from combined control of energy supply
and energy consumption to combined control of total carbon emissions and emission
intensity, and low-carbon development has become a new development direction.
Electricity is the main form of building energy consumption, and it accounts for nearly
50% of energy consumption by building terminals. In order to achieve low-carbon
operations of buildings, it is necessary to increase the proportion of green electricity
consumption and reduce carbon emissions of building electricity. However, the
characteristics of high floor area ratio and high load density of cities determine that the
renewable energy around urban buildings is limited. In addition, energy demand growth
caused by the rapid development of urban economy makes it impossible for buildings in
most cities to achieve carbon balance by relying on energy conservation and rooftop
photovoltaics (PV). On the basis of energy conservation, how to further reduce carbon
emissions in buildings is a problem faced by urban low-carbon development.

Under the trend of wind power and PV integration, the demand for power grid peak
regulation is ever increasing. Currently, power grids are challenged by load peak of 100
hours. In the summer of 2021, many cities all over China suffered continuous high
temperature, leading to sharp increase in the demand for air conditioners. During
industrial production after recovery of the epidemic, the electricity load in many cities
reached historical peak. Insufficient power supply occurred in many regions and the
balance of supply and demand can only be achieved by orderly electricity consumption.
Many cities took extreme measures of power rationing from time to time, which causes
difficulties in industrial production and livelihood of residents. In the future, the demand
for power grid peak regulation will further increase. With the increase in the scale of wind
power, PV, and electricity integration, power shortage and power surplus occur repeatedly
on a daily basis or even a shorter cycle. The peak regulation demand of the power system
is no longer limited to load peak of 100 hours, but may be randomly distributed over 8760
hours throughout the year. The power system needs a large number of peak regulation and
energy storage facilities, which can fill in the power gap in case of small wind power and
PV and store excess power in case of large wind power and PV. Growing demand for
power grid peak regulation creates opportunities for flexible resource development.

Flexible electricity consumption becomes a breakthrough point for buildings and
power grids to join hands for low-carbon development. From the perspective of the
building, if the building energy system is optimized within the red lines, it is difficult to
achieve the goal of carbon neutrality with limited resources and high energy storage costs.
By connecting rich zero-carbon power resources through power grids to obtain more
reliable power supply guarantees, the construction field can realize carbon reduction with
lower costs. From the perspective of the power grid, adjustable loads such as air
conditioners, water heaters, and charging piles in buildings are flexible resources with
great potential. Exploiting flexible resources in buildings can help solve the growing
demand for peak regulation and promote the development of variable renewable power
sources such as wind power and PV. With flexible electricity consumption, buildings
provide a large number of low-cost adjustable resources for power grids to help power
grids conduct peak regulation. Accordingly, power grids provide buildings with a higher
proportion of green power to help the buildings achieve electrification and low
carbonization. Using flexible electricity consumption as a breakthrough point, buildings
and power grids can work together to achieve low-carbon development.

Ideas of building energy conservation change to improvement in both energy
efficiency and flexibility. The model of low carbon development achieved by joint work
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of buildings and power grids based on flexible electricity consumption changes the
traditional ideas of building energy conservation. In the past, building energy conservation
focused on the reduction of total electricity consumption, without identifying the
differences in electricity saving time periods. In the future, the electric power market and
green electricity trading market will help people find the differences in the economic cost
and proportion of green electricity of electricity consumption in different time periods.
Different economic and carbon reduction benefits will be achieved if each kilowatt-hour
of electricity is saved in different time periods. In areas where the electricity price during
peak hours is more than four times that of valley hours, saving each kilowatt-hour of
electricity during the peak hours will achieve more than four times the benefits of that
during valley hours. Energy efficiency will no longer be the only indicator of energy
saving, and adjusting ability will also be valued.

*Urgent need for structure «Capacity expansion pressure
H E optimization of energy consumption caused by load increase
E *Growth trend of building L +Peak regulation pressure caused i
: H electrification rate by insufficient power supply :
H Urban *Decarbonization dilemma in power Municipal «Difficulty in balancing fluctuations :
' buildings consumption and emission gnower arids caused by wind power and PV :

!

Strong building load Flexible resources Link buildings and
regulation ability required by new o vable power sources
and low cost power system

% to improve the proportion

of renewable power
Interaction between building and

powergrid (1+1>2)

Efficient Energy Flexibility and Low-carbon Load
energy saving consumption reliability action aggregation
transformatior] BVB
/\ & i L P 9  &le
"= af 99%+X ¥ © Y & ke

Figure I Low-carbon model achieved by joint work of buildings and power grids based on flexible
electricity consumption

B Virtual power plant (VPP) realizes flexible interaction between building and
power grid.

Building load aggregation before exchanged with power grid: First, due to
management needs, various types of regulation products released by the power system,
such as demand response (DR), interruptible load, primary frequency control, secondary
frequency control, and peak regulation, have requirements on minimum capacity and
regulation performance. Adjustable loads of the buildings feature small volume and large
uncertainty, and they must be aggregated to be accessible. Second, building users do not
possess sufficient professional skills in electricity trading, and agencies are required to
provide them with professional consulting services and technical support such as ability
assessment, access plans, reconstruction suggestions, and regulation policies. Agencies
and power users can sign a simple retail contract, so that the building users do not have to
directly deal with various complicated transaction rules in the power market.

VPP used to implement flexible resource aggregation: VPP is an innovative business
mode of energy power, which can realize flexible resource aggregation and dispatch of
power resources, such as distributed power generation, energy storage, and adjustable
loads, creating a new way for power grid peak regulation. A series of policies and
implementation rules have been issued by relevant national supervision departments and
power grid companies to encourage exploring and developing new VPP models. Outside
China, VPP has become a mature business mode. In China, VPP is in the initial promotion
stage, mainly in the form of pilot demonstrations, without complete policies and
mechanisms. Pilot demonstrations of VPP are scattered in many cities and regions of
10



China, such as Shanghai, Guangdong, Shandong, and northern Hebei. Power dispatch
agencies issue invitation-based DR, and the regulation ability is provided by aggregation
of urban industrial and commercial building loads, residential building loads, and
charging stations.

*  Provide access to more f
i renewable energy sources [EE\ s
! — ——— (%!5 ™

Power grid Renewable energy

and green electricity consumption voucher
Participate in transactions in the power
market and auxiliary service market

I Participate in regulation to obtain economic allowance

Evaluate the regulation ability and

- uncertainty of buildings
/O@ ¢ ————————— Formulate a comprehensive dispatch
solution for building clusters

VPP Formulate a simplified retail contract for
building proprietors

Flexible load mining, coordinated control,
and benefit sharing

|
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Figure I VPP mode allowing aggregated building loads to participate in power grid regulation

VPP based on flexible building loads: When flexible building loads participate in power
regulation, the power grid is the originator that issues a power dispatch demand, the
flexible building provides flexible resources, and the VPP is located between them. The
VPP mines the flexible building loads and connects them to the aggregation platform as a
resource pool. Then, the VPP selects appropriate resources for coordinated control
according to the dispatch demand of the power grid. Finally, the VPP shares the obtained
benefits with users. VPP based on flexible building loads is a new business mode, which
will drive the development of a series of supporting technologies, including load
flexibility transformation, construction energy management, and load aggregation.

Advantages of power regulation with flexible building load engaged: First, flexible
building loads have a large volume. Building electricity consumption accounts for a
quarter of electricity consumption of the whole society, with a higher proportion of peak
loads. If the building loads can be aggregated, there will be huge regulation potential.
Second, flexible building loads have low costs. The building electricity consumption
devices have been installed, and an energy management system is required to enable
communication and coordinated control during load regulation of these building
electricity consumption devices. Third, buildings are equipped with comprehensive
facilities. Building structure, power distribution facilities, transportation facilities, and
property operation and maintenance systems have been implemented. In the future,
deploying distributed energy storage devices in buildings will be more competitive than
planning and building peak regulation power stations and energy storage power stations
in cities, as far as the construction cost, grid integration cost, transportation cost, and
management cost are concerned.

Problems of power market with flexible building load engaged: First, building loads
are mainly suitable for peak regulation on the day basis, and cannot be stored for
regulation across weeks and seasons. Second, the regulation ability and cost of building
loads are not clear. There are many types of building devices, diversified operating laws,
and complex human behaviors. Building users and load aggregators lack quantitative
evaluation on the regulation ability and cost of flexible building loads, so it is impossible
to judge the economics of flexible building loads participating in power regulation. Third,
users do not understand new technologies. Buildings are designed in accordance with the
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principle of serving people, but no one thinks that building loads can serve power system
regulation in the future. Due to the lack of technical demonstration and experience
accumulation, users have little knowledge of the flexible power consumption technology,
and they are worried about the mode transition from "source following load" to "source
followed by load", which lowers users' participation willingness.

B VPP transits from virtual to reality.

Quantification of regulation ability: The building load regulation ability should be
evaluated from multiple dimensions, including regulation capacity, start time, regulation
speed, regulation accuracy, and duration. Different electricity consumption devices have
different regulation abilities and can provide different regulation services. Accordingly,
the power system will put forward regulation ability requirements according to different
types of regulation demands. For example, DR generally has requirements on regulation
capacity and duration and assesses power deviation. Auxiliary services have relatively
high requirements on regulation accuracy, response time, and regulation speed. A VPP can
select appropriate flexible resources to meet power grid regulation demands and formulate
better aggregation and regulation solutions for users only after it is capable of regulating
building loads. This project tests the regulation ability of major building loads through
experiment, designs a peak regulation solution based on the building electricity load curve
and the power grid load curve, and evaluates the peak regulation effect. Currently, only
air conditioners and other building loads participate in power grid peak regulation, and
the peak-to-valley difference of the power grid is reduced by 18%. In the future, the peak-
to-valley difference of the power grid will be reduced by 62% and 85% respectively for
the large PV scenario and the large wind power scenario, when energy storage devices
and charging piles also participate in peak regulation.

Explicit regulation costs: Building load regulation costs should take the construction
cost, operation cost, and aggregation cost into account. The construction cost refers to the
device investment and function investment specially increased for flexible regulation,
including the investment in energy storage facilities and the additional investment for the
discharge function of charging piles. The operation cost refers to the loss caused by load
regulation, including the impact on indoor degree of comfort, the impact on production
and living efficiency, and energy loss in the process of charging and discharging of storage
energy. The aggregation cost refers to the communication cost for load regulation and the
development cost of the VPP platform. Only with regulation cost information of building
loads, building users can decide whether to participate, and VPPs can carry out resource
optimization and integration for higher economic goals. However, much sample data is
lost for evaluating building load regulation costs, so neither power grid users nor building
users have any idea of load regulation costs, especially the operation cost related to degree
of comfort and production and living efficiency.

Load aggregation taking shape: Flexible electricity consumption and load aggregation
are new concepts in the construction field. The design, construction, and operation of
buildings are to serve people, but no one thinks that building loads can serve power system
regulation in the future. As a result, users do not have a clear understanding of the building
load regulation ability and regulation costs and there is no practical verification on the
feasibility of using the VPP mode on building load aggregation. Under the current
conditions, there may be great obstacles to promotion in a wide range, so demonstration
projects are recommended. The first step is to aggregate building loads of 1 million square
meters and study the regulation ability and costs. The second step is to verify and optimize
the VPP model, aggregation algorithms, and transaction model. Experience accumulated
in these steps can lay a foundation for promotion in a wide range in the future.
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Flexible building loads Participating in power grid regulation
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Figure III Regulation ability and costs of flexible building loads

B Green electricity consumption certification, first stand and then break

- The green contribution of building load regulation is not fully reflected. Green power
certificate, green electricity consumption voucher, and building power carbon emission
cannot fully reflect the green electricity consumption contribution of building load
regulation, hindering the application and promotion of flexible electricity consumption
technologies. Renewable energy and power transaction is a power transaction type
completely different from power market, auxiliary service, and DR. They are traded on
different platforms according to different rules, so it is difficult for building users to realize
the correlation among them. When seeking for a decarbonization path, building users only
focus on the green electricity transaction that is directly linked to the green power
certificate. Especially when green properties require a higher price, building users
consider green electricity consumption as spending more money in buying certificates. In
order to let building users have a clearer understanding of green electricity consumption,
attract more building users to participate in green electricity consumption, and promote
the implementation and development of flexible electricity consumption technology, it is
necessary to set up a green electricity consumption certification mechanism based on
flexible regulation effects. This mechanism is used to authenticate the green electricity
consumption contribution of building load regulation and evaluate the carbon emission
reduction values of building load regulation.

- Rely on green electricity consumption certification and situation investigation in the
short term. Before the load regulation market is established or during the establishment
process, it is feasible to adopt the method of certification. Establish an evaluation system
for the building load regulation ability based on the demand for highly proportional
renewable power sources in the future. When a building possesses the verified regulation
ability, the relevant power grid department authenticates its ability and allows the building
to access the power grid management platform to accept dispatch plans. Establish a green
electricity consumption certification method for building load regulation. When the
building operates according to the dispatch plan and passes the assessment, the power grid
issues a green electricity consumption certificate to the building. The certification
organization in the construction field adopts ability certification of the power system and
the green electricity consumption certificate to carry out zero-carbon building certification.
The green electricity consumption certification method can calculate time-based carbon
emission factors based on the power dispatch data, or the method can also be used to
distribute the guaranteed green electricity consumption within the power grid. For
building proprietors, when there is no economic benefit in the short term, certificating
zero-carbon buildings takes the first step to building load regulation and helps the
formation of the load regulation market. For the power system, investigating the building
load regulation ability helps accumulate data for mechanism adjustment of the power
market and auxiliary service market in the next step.

- In the long term, benefits will be redistributed to the power market and carbon
market. As more and more renewable power resources are connected to the power grid,
the value of flexible load regulation gradually reveals. At the same time, the propaganda
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value of certified buildings decreases with technology demonstration and promotion. In
the long term, the load regulation market should be activated through the power market,
auxiliary service market, and carbon market. Load regulation supports safe and stable
operations of the power system and can obtain benefits from the power market and the
auxiliary service market. Load regulation accelerates green electricity consumption to
help users complete the carbon reduction targets. Saved energy beyond the targets can be
sold in the carbon market to obtain more benefits.
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Figure 4 Implementation path of flexible electricity consumption excitation mechanism
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