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Executive summary

1. Background and significance

Regional application of PEDF is an effective means of smoothing grid
fluctuations, absorbing local renewable energy and achieving '"carbon
neutrality”" in building clusters. A regional building PEDF system has the
advantages of enhancing power utilization, realizing renewable energy-based zero-
carbon electricity, reducing peaks and valleys to relieve grid pressure, and
enhancing grid reliability.

The integrated application of the "PEDF'" system in the field of construction is
still in the stage of exploration and research, and the large-scale promotion and
application still faces difficulties and challenges. Difficulties still exists in
comprehensive promotion, as the industry aggregation degree is not high, the
number of completed cases is small, the relevant supporting technologies have short
boards, supporting incentives and business models are not mature enough, the
relevant standard system is not sound enough and so on.

The maturity of the single technology of PEDF is high, the application
technology of single building is leading, the research of cross-system technology
is waiting to be broken, and the regional system scheme needs to be
demonstrated. Sub-technology has better engineering application conditions. The
integration and regulation of energy subsystems across multiple industries, friendly
interaction between buildings and power grids, and interconnection between
different building energy systems in the region need to be solved. Single
bus/multilevel bus-based PEDF system topology is more mature, DC bus regulation,
energy storage sag control, flexible load adaptive power control technology is
leading. The energy interconnection scheme between different buildings is yet to be
proposed, and the PEDF regional planning scheme, operation scheme and
participation in grid-friendly interaction scheme are yet to be proved.

2. Study of electricity demand and typical characteristics of
electricity consumption at the regional level

Suzhou's socio-economic development is rapid. Suzhou has a resident population
of 12.75 million, with an urbanization rate of 81.72%. In 2021, Suzhou's GDP was
227.18 billion yuan, with a per capita GDP of 177,505 yuan, and the proportion of
the three-industry structure is 0.8:47.9:51.3. In recent years, Suzhou has gradually
lightened and optimized its industrial organization, with an increase in the
proportion of the three industries, and the main clusters include electronic
information, equipment manufacturing, advanced materials, and biomedicine.
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Figure I Economic development trends in Suzhou, 2000-2021
The supply of energy resources in Suzhou basically relies on external support,
and the installed capacity of local power generation has been steadily
increasing, reflecting an overall stable and abundant supply. Energy
consumption structure continues to be optimized, with the original coal-
dominated energy structure gradually shifting towards diversification and
cleanliness. In 2020, Suzhou's consumption of coal, natural gas, coke, oil products,
renewable electricity and electricity from outside the region accounted for 59.2%,
13.4%, 8.5%, 10.4% and 8.5% of the primary energy consumption respectively.
Coal, oil and natural gas are almost entirely dependent on external supply, and the

endowment of solar, wind, biomass and geothermal energy resources is not rich,
with an energy self-sufficiency rate of only 17.99%. In 2020, Suzhou's carbon
emissions will be 176 million tonnes of CO; (the carbon emission factor for
external electricity is 558g/kWh).
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Figure II 2020 Energy flow and carbon emission composition of Suzhou municipality
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Figure III Primary energy consumption structure and end-use energy consumption structure in

Suzhou, 2015-2019
The structure of local energy and power supply is continuously optimized. By
the end of 2021, the total installed capacity of all types of power supply in Suzhou
was 24.827 million kilowatts, accounting for about 16.1% of the province's



installed capacity. Thermal power generators installed 22.806 million kilowatts, of
which coal power generators accounted for 69.95% of Suzhou's total power supply
installed capacity. Photovoltaic power installed capacity is 1.876 million kilowatts,
accounting for about 7.56% of Suzhou's total power installed capacity, with
distributed photovoltaic power generation installed capacity of 1.6635 million
kilowatts. There are three grid-side energy storage power station projects, and the
charging and discharging power of the energy storage power station reaches 138,600
kilowatts, with a total capacity of 242,000 kilowatt-hours.
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Figure IV Suzhou energy and electricity supply structure

Energy facilities are more complete, and the level of protection has been
significantly improved. The capacity of receiving power from outside the district
has been significantly improved: the 1000kV UHV AC HuaiLine, together with the
+800kV UHV DC JinSu Line and the £800kV UHV DC JianSu Line, have formed
the first "one-crossing-two-directions" urban power grid in China, which will
effectively improve Suzhou's capacity of receiving power from outside the district
and guaranteeing emergency situations; the capacity of receiving power from
outside the district will increase to 56 billion kWh by 2021, accounting for 1/3
of the city's maximum power load. In 2021, the external power supply will be
56 billion kWh, and the capacity of receiving power from outside the district will
be increased to 10.9 million kW, accounting for one-third of the city's highest
power load, and it is expected that by 2025, the external power supply in Suzhou
will exceed 90 billion kWh, with clean power accounting for 50 per cent of the total
power supply.

Energy consumption in high energy-consuming industries remains high, and
the industrial sector accounts for a very high proportion of electricity
consumption. In 2021, the total annual electricity consumption of the whole
industry in Suzhou will be 168.53 billion kWh, with a per capita electricity
consumption of 13,218 kWh per person. 319 million kWh of electricity will be
consumed by the primary industry in 2021, and 128.454 billion kWh will be
consumed by the secondary industry, with the proportion of industrial electricity in
the electricity consumption of the whole society accounting for 75.4% in the current
year; the tertiary industry will consume 23,792 million kWh, and the urban and rural
residents will consume 15,962 million kWh of electricity for living.
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- Characteristics of electricity consumption by sector. Peak and valley
differences in intraday electricity loads are mainly caused by the construction
sector. Agricultural electricity consumption trough period is from mid-November to
early May of the following year, with the peak period in July and August. The peak
season electricity consumption is about three times the trough season. Industrial
electricity consumption load is basically stable throughout the year. Part of the
factory shutdown in the Spring Festival, the Mid-Autumn Festival and the National
Day result in load dropped significantly, and there exists a clear weekly cycle of
fluctuations, showing the rest day load is 95% of the working day. Traffic electricity
load is mainly electrified railway. There are two peaks in building electricity
consumption due to summer air-conditioning and cooling and winter electric heating.
For residential buildings peak season electricity consumption is about three times
the low season. For public buildings peak season electricity consumption is about
1.5 times the low season. The peak weekday value of the air-conditioning season
is generally around 25 million kW, and the minimum value is around 17
million kW, reflecting the peak-valley difference is mainly caused by buildings.
The highest air-conditioning load during the year accounted for 38.9 per cent
of the city's electricity load.
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Fig. VI Characteristic curve of day-by-day electricity consumption by industry in Suzhou in 2021
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Figure VII Characteristics of electricity load on a typical day

- The "point peak" load brings great pressure to the power balance. In recent
years, the power load for the East China Power Grid and Jiangsu Power Grid has
reached record highs, and the power balance is tight; the peak load has obvious
"point peak" characteristics. Grid load greater than 95 per cent, 97 per cent of
the year's maximum load accounted for the proportion of the year's duration
of 0.6 per cent, 0.3 per cent respectively. The proportion of tertiary industry and
residential electricity consumption (cooling load) will further increase the load peak-
valley difference. Coupled with the increase in the proportion of renewable energy
installed on the power supply side, the power system operation uncertainties further
increase.

- Non-productive loads account for a high proportion of peak loads. The sharp
growth of non-productive loads such as air-conditioning has become the main
cause of high peak loads on the grid. In 2020, the summer air-conditioning load on
the Suzhou power grid will be about 7.81 million kilowatts, accounting for 30 per
cent of the highest load in that year. Air conditioning and other non-productive
loads have obvious seasonal and time characteristics, with strong correlation with
the peak-valley difference of the grid, resulting in more than 95% of the highest
load of the grid is only about 20-70 hours. At an estimated investment of 9.5
billion yuan per 1 million kilowatts, the investment in the construction of power
plants and power grids is enormous, resulting in a great waste of social resources.

- The potential for flexible regulation of air-conditioned loads needs to be tapped.
Typical daily air-conditioning season weekday load peaks at about 25 million kW,
with a minimum value of about 17 million kW, and non-air-conditioning season
load peaks at 20 million, with a minimum value of 14 million. Typical daily load
difference between the air-conditioning season and the non-air-conditioning season
is between 2 million and 7 million, and the air-conditioning load is even higher
when considering scheduling the maximum daily air-conditioning load power, and
the air-conditioning load accounts for about 20% to 35% of the city's load.
Suzhou is responsible for about 1/4 of the power shortfall in Jiangsu Province
during the peak winter and summer each year, and according to temperature
fluctuations, the shortfall is basically between 2-5 million kilowatts, which has a
huge potential for flexible regulation considering the thermal inertia of the air-
conditioning loads and the comfort zone of the human body.
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Figure VIII Typical daily load difference between air-conditioned and non-air-conditioned seasons
- Local PV resources need to be developed. The "14th Five-Year Plan of Suzhou
Energy Development" proposes that by 2025, the installed capacity of renewable
energy power generation will reach 5.33 million kW, of which 4.6 million kW will
be PV. The total installed potential of distributed PV on rooftops in Suzhou is about
43.5 GW, with an annual power generation capacity of 49.6 billion kWh.
According to computer vision technology and remote sensing satellite data, the total
roof area of Suzhou is about 510 million square meters, and according to the
calculation of 30% of PV panels that can be installed in residential public buildings,
70% in industrial buildings, and 50% in decentralized buildings, we can get the
rooftop PV installation area of about 290 million square meters.

Total

District name Residential and Tndustrial sz:;d Rooftop photovoltaic potential

public buildings engineering
Million square Million square Million square _ Million square (Twh)
meters meters meters meters =135

Tiger il district 1746 1618 104 3468 e e
Wuzhong district 1880 3276 732 5887 moo-83 oy
Xiangcheng 1105 2089 316 3509 e 107

108 - 130

Gusu district 1030 136 177 1343
Wujiang district 1998 6423 1407 9828
Changshu 951 4279 1074 6304
Zhangjiagang 2579 4431 875 7884
Kunshan 1034 6319 644 7998
Talcang 1260 2714 612 4585
Total 13583 31285 5940 50807

Fig. IX Area of three types of roofs and potential for rooftop PV generation by district

- Characteristics of regional power load flexible regulation. Taking the typical
daily load curve in winter as a reference, the peak load is mainly the two extreme
points of the midday peak and the lamp peak. The pressure drop space is larger
during the midday peak, as the non-continuous production enterprises have more
adjustable flexible load resources, and the photovoltaic power generation is at a high
level, while the flexible adjustable resources are scarce during the lamp peak,
which is mostly due to the factory's night shifts, the three industries and the
residents' living power load enhancement, and the renewable energy power is
rapidly declining, and the flexible load resources need to be tapped.
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Figure X Typical daily load profile and PV output profile in winter

Typical industry load characteristics. Taking the typical weekday load curve as an
example, the industrial load presents continuous production, multi-shift system,
etc. The total load is large, and the multi-shift load fluctuation characteristics are
obvious. Load changes in public organizations are related to working hours, with
peaks mostly concentrated in the daytime and a high proportion of air-
conditioning and lighting loads. The load of supermarkets and catering services is
related to personnel activities, with long load duration in the evening and a high
proportion of air-conditioning load.

Metal smelting Chemical products

Electronics manufacturing General machinery manufacturing

Figure XI Typical daily load profile for the industrial sector

Stadium Hospital

Colleges and universities Government compound

Figure XII Typical daily load profile for public institutions
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Figure XIII Typical daily load profile for supermarket, food and beverage service sector

3. Regional-level PEDF buildings contribute to a zero-carbon power
system planning programme

- Forecast of Suzhou's energy structure during the "14th Five-Year Plan" period.
The share of coal continues to decline, falling to around 49 per cent in 2025.
Natural gas demand growth is stable, accounting for about 21% in 2025. Oil
demand growth slows down, accounting for about 13% in 2025. The total demand
for non-fossil energy and its share in primary energy demand grows steadily, with
oil demand peaking, natural gas demand leveling off, and the share of non-fossil
energy rising to 15 per cent in 2025.
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Figure XIV Primary energy structure change forecast for Suzhou in the 14th Five-Year Plan
- Total end-use energy demand forecast. The growth rate of total terminal energy
demand in Suzhou has slowed down significantly, and will enter the peak plateau
in 2025. Driven by the optimization of the energy use structure, the promotion of
advanced energy-saving technologies and the improvement of energy service
efficiency, the growth rate of total terminal energy demand in Suzhou will slow
down, and total terminal energy demand will reach its peak around 2025.
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Figure XV: Trends in total end-use energy demand

Forecast of end-use energy demand structure. The share of electricity in the
end-use energy structure of Suzhou rises the most, the share of coal declines
sharply, and the share of natural gas and oil products rises slowly. The share of
electricity in the end-use energy structure rises to about 33% in 2025. The reduction
and substitution of coal accelerates between 2020 and 2025, and its share in end-use
energy demand falls from 22.8 per cent in 2020 to around 20.2 per cent in 2025.
Natural gas consumption maintains a slow decline and oil consumption enters a
peak plateau. The share of oil and gas consumption is around 24.6 per cent in 2020,
rising to around 26.3 per cent in 2025.

80.0

70.0

50.

SYSE BN BN BN BN BR ER Eo-

5
.0

2018 2019 2020 2021 2022 2023 2024 2025 2018 2019 2020 2021 2022 2023 2024 2025

3
°

3 3 &
° >

Final energy demand (million tons of standard coal)

°

hange scenario

Mcosl M Coke M Oils W Naturalgas W Eectrcy 1 Heating il Others

Figure XVI: Trends in the structure of end-use energy demand

End-use sub-sectoral energy demand. The sectoral structure of end-use energy
demand in Suzhou is slowly evolving towards equilibrium, with the building and
transport sectors becoming the mainstay of growth. As the growth rate of industrial
output slows down and the industrial structure and energy-using technologies are
optimised and upgraded, the share of end-use energy demand in Suzhou's industrial
sector declines steadily, while the share of energy used by the building and transport
sectors continues to rise. Under the energy transformation scenario, the ratio of
energy use in the building, transport and industrial sectors will be approximately
11:12:77 in 2020 and 12:16:72 in 2025.
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Figure XVII: Trends in total end-use energy demand by sector

Characteristics of the regional power system load. Subject to the constraints of
the power supply structure, the peak value of photovoltaic and comprehensive use
(biogas, waste heat and pressure) power generation accounts for only 8 per cent of
the peak load, while the peak value of both external power and thermal power can
reach 50 per cent of the peak load. The scheduling basis of the regional foreign
power is mainly to make the change rule similar to the overall load characteristics of
the province, and the remaining part is mainly made up by thermal power units.

Future regional power system load forecast. Currently, the regional power load
presents duck curve characteristics, but due to the small proportion of new energy
installed capacity, the duck shape is not obvious. In the future, with the significant
increase in installed PV capacity, duck curve characteristics will be gradually
highlighted in terms of the regional power system load curve in the midday. With
the power to the peak and carbon to the peak, in order to maximize the use of the
grid's existing distribution resources, so that the regional load and the new energy
power generation time period is more in line with the regional dispatch load on the
basis of the duck curve, the midday load should be more to increase, the evening
load should be appropriate to reduce, resulting in the load curve ultimately form
the characteristics of the hat curve.
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Figure XVIII "Duck curve" to "Hat curve"
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Zero-carbon development plan for the future regional power system. Suzhou
will promote the large-scale development and utilization of new energy, promote the
AC and DC hybrid upgrading of the power grid, promote the high degree of
electrification of the whole society and the improvement of system-level energy
efficiency, promote the application of renewable energy storage technology,
accelerate the research and application of digital technology, and serve the
upgrading of the electric power supporting market. Promoting the development of
new energy as the installation theme, promoting the development of new energy as
electricity, power main body, and realizing the whole society is the path to achieve
the development of a new power system in three stages.

Nuclear power: 18.9 billion kilowatt hours

Nuclear power floy
E 2.2 million kW (Tianwan expected 9 million)
l Nuclear power: 9%

= Uhv received power:
136.5 billion KWH (hydropower)
@ Uhv power capacity: %5 million kW
Uhv ratio: 65%

Local new energy power: 12.6 billion KWh
Local new energy installed capacity:

10 million kW
New energy: 6%

Thermal power generation:
42 billion KWH (peak load)

Thermal power unit installed capacity:
21 million kW

Thermal power: 20%

Estimated carbon emissions:

0.1-0.25 million tons

, Forest cover: 35.2%

‘A Estimated carbon sink:
70,000 tons

Estimated total load:

210 billion degrees

Peak load: 30 million kW

Utilization hour: 7000h

:‘% CCUS capture capacity required:
10 million tons

Figure XIX Zero-carbon future regional power system development plan

4. PEDF Project Demonstration

Overview of Suzhou Dongwu Gold "PEDF" Project. The project belongs to the
transformation of the old factory building, the building is planned for office, refining
(wet storage) workshop, jewellery processing workshop, commercial rental, etc. The
construction area of the first phase project is about 28,000 square meters, a total of
three buildings. Phase I project built construction of photovoltaic in the main factory
building 1 # building, restaurant 3 # building roof, and factory carport roof . Phase
II project is proposed to build office 4 # building and plant 5 #, and the construction
of photovoltaic on the roof.

PEDF System Architecture. The first phase of the project is a demonstration of the
application of the "PEDF" system, equipped with a 150kW flexible energy gateway,
441.1kWp photovoltaic, 74kW magnetic levitation chiller, 20kW DC fan coiler, and
other types of DC loads, and the chiller can be flexibly controlled according to the
busbar voltage.

Figure XX Aerial view of Phase I of Suzhou Gold Project
HVAC temperature and humidity independent control system design. The
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magnetic levitation chiller unit uses 7°C water outlet, and the fresh air unit sends dry
fresh air into the room to take away the indoor latent heat (humidity) load. The
magnetic levitation air-cooled heat pump unit produces water at high temperature in
summer and sends cooling capacity to indoor dry end as a cooling source to take
away the indoor sensible heat load.
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Figure XXI HVAC system sketch
The system operation mode is switched by season. In the cooling season, it adopts
the mode of "photovoltaictcooling storage+DC magnetic levitation evaporative
chiller cooling+other DC loads". In the transition season, it adopts the mode of "self-
generation and self-consumption, with excess photovoltaic power generation
inverted to the grid". In the heating season, it adopts the mode of "photovoltaict+heat
storage+air-cooled heat pump heating" mode.

Typical operating conditions. Main building power usage is associated with
building occupant activity. In the morning at 6-7am and in the evening at 16-20pm
the PV generation is weak and needs to be supplemented by utility power. Daytime
PV generation is in excess when the weather is fine and excess power is returned to
the external grid. On a typical workday, single day the amount of introduction of
off-grid power and return of off-grid power are roughly equivalent.
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Figure XXII Typical weekday and non-weekday breakdown power curves for main building
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Figure XXIII Typical weekday and non-weekday utility supplemental power curves for main

building

Electricity consumption and PV power generation on weekdays are basically
the same, while electricity consumption on non-working days plummets and PV
power generation is in excess. The electricity consumption in the main building is
mainly for HVAC system energy consumption, as well as office lighting and socket
power, accounting for more than 80% of the total electricity consumption in the
main building. Non-working day electricity consumption is reduced by 50%
compared to working day electricity consumption, resulting in a large amount of PV
power being sent back to the grid. It is expected to reduce chiller energy
consumption in the morning and evening by switching on the heat storage tanks to
reduce reliance on utility power.
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Figure XXIV Daily electricity consumption accumulation column chart for the main building

Demonstration of regional-level PEDF buildings synergistic linkage. Suzhou
Dongwu Gold Project is a collection of offices, refining workshops, jewellery
processing workshops, R&D, office rental, restaurants, and etc, which are mixed
and distributed in different buildings with complete load characteristics.

Cross-body clean power consumption exploration. Since the new transformer
belongs to the same household number as the old transformer, a cross-body DC bus
connection can be carried out, which will provide a model reference for future
power synergy and interaction at the regional level.
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Figure XXV Cross-body clean power consumption system sketch

5. Conclusions and recommendations

- The supply of clean power in the Suzhou region mainly relies on external
power, and there is much room for improvement in the supply and utilization
rate of local renewable energy. It is predicted that the capacity of the Suzhou
power grid to receive external power will account for about 65% of the city's
maximum dispatch load, and the net power intake will account for about 50% of the
whole society's electricity consumption. At present, the total amount of distributed
new energy development in Suzhou is on the low side. Take photovoltaic resources
as an example, only about 2 million kilowatts are being utilized at present, and with
the advancement of BIPV and other technologies, about 5 million kilowatts of
distributed photovoltaic resources can be utilized in Suzhou in the future.

- In terms of power load consumption, the typical daily load curve in the region
will evolve from a "duck curve" to a "hat curve" in the future, and regional
flexible resources and integrated energy storage resources need to be developed.
With the continuous reduction of conventional energy units, the power supply is
mainly supplied by renewable energy sources, the actual load curve can only be
highly approximate to the new energy curve, the peak-valley difference and the
peak-valley difference rate and other indicators need to be re-examined in the study,
the regional power load regulation model is in need of a breakthrough, on the basis
of the traditional peaking replication service and demand response, according to the
carbon emission factor.

- In terms of regional PEDF applications, the DC distribution system connecting
photovoltaic, orderly charging of electric vehicles, centralized management of
air-conditioning loads in public buildings, and the construction of distributed
energy storage, etc., will take the initiative in smoothing out load peaks and
transferring renewable energy power. Typical regional power system, for
example, need to equip the grid with the maximum dispatch load of about 10% of
the integrated energy storage, in the policy, technology, subsidies in place and the
user voluntary ideal situation, significant potential for adjustable loads exists in
typical industries.
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