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Total land area: 65 hectares
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Process unit areas -IEE_
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Experimental building 14625
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HEPS power consumption

HEPS power consumption
Total installed load: 53MW
Calculate load 38.7MW

Experimental building and
Service building power
consumption
Total installed load: 7MW
Calculate load 4.6MW

Load calculation

dis:npl:::ion Substation Equipment Active Reactive Apparent ﬁﬂ::sﬂ:ir Power factor|Installed transformer
station power (kW) | power(kW) | power(kVar)| power(kVA) (kVar) (cos) capacity (kVA)
Ring-1 6588.9 4703 .91 3452 11 5839.15 -2020 0.96 8000 (4*2000)
214 Ring-2 7050.3 511394 2694 .79 5844 .52 -2200 0.95 9000 (2*2500+272000)
Booster-1 37536 2366 .44 1548.07 2827 .82 -900 0.96 4000 (2*2000)
Subtotal 17392 .8 1218429 7694 97 14511 49 5120 21000
Ring-3 6628 4 4411 64 325334 5484 4 -2000 0.96 8000 (4*2000)
Ring-5 33592 2279.07 1114.89 2561.74 -840 0.95 4000 (2*2000)
724 Ring-6 2868.2 1934 82 1391.36 238558 -770 0.95 3200 (2*1600)
Ring-4 27336 1831.83 1349.39 2276.11 -760 0.95 3200 (2*1600)
Subtotal 15589 4 10457 36 7108.97 12707 83 4370 18400
Ring-8 42118 291938 207364 3583.07 -1230 095 5000 (4*1250)
734 Linac-1 1263 850.55 586.35 1033.17 -330 0.94 1600 (2*800)
Ring-7 28132 1897 .38 1371.91 23438 -780 0.96 3200 (2*1600)
Subtotal 8288 56673 2659.99 4616.24 -1560 9800
Utilities building-1 71103 557338 4158.98 6955.06 -2480 0.96 8900 (2*2500+2*2000)
Z4# 10kV load 4806 4806 10 kV load 6000
Subtotal 11916.3 10379.38 4158.98 6955.06 -2480 14900
Total 53186.5 | 38688.33 | 2162291 38790 61 -13530 64100
Experimental building-1 6967 2 45778 33543 4736 -2160 0.96 8200 (2*2500+2*1600)




Electric engineering layout

HEPS
10kV distribution stations : 4

10/0.4kV step-down
substation:11

Transformer and high voltage
equipment installation
capacity 64.1MVA

Experimental building and

Service building
10KV distribution stations : 1
10/0.4kV step-down Y A AL\ P 3 ; .
substation : 1 E/ A =S9GN TN 2008 V4 /E AN ;;Q}{y_é_féiﬁput'ilqn
Transformer and high voltage R oe . on/ A g, = ) A MY ¥.ctationSEER' Y
equipment installation ~ y - S PO . ./ JKv/0.4KV Step
capacity 8.2MVA




Power supply network

. Each 10kV distribution station draws power from two different 110kV substations nearby.

(State Grid Corporation of China).
- The 10KkV distribution station adopts a single busbar sectionalized operation mode, with
Interlocking switches between the two busbars. They operate separately and serve as backups

for each other.
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Photovoltaic power generation

HEPS has excellent conditions __
for installing photovoltaic

power generation equipment.
By installing generating
component on the roofs of
buildings, it can achieve a win-
win effect of building
functionality and grid-
connected power generation,
creating a high-tech park that
Is clean, environmentally
friendly, intelligent, convenient,
and aesthetically pleasing all
in one.

The total installed capacity is
10MW, and it will reach
17.3MW in the future.

Experime
building:7

Service building

HEPS Ring

7816kW

Inner ring ground
7314kW

Installation
angle

Installed capacity

Quantity oy

Service building

30

723 397.65

Grid structure #2

00

574 266.91

Experimental building

30

1350 742.5

Grid structure #1

00

1564 727.26

HEPS Ring

14212 7816.6

Total

18423 9950.92

Inner ring ground

14212 7314

—

aria structure
#1: 727kW

Grid structure
#2: 267kW
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Photovoltaic power generation

Photovoltaic power generation layout

Photovoltaic power generation has
limitations. In order to ensure the electrical safety
of HEPS, photovoltaic power generation is
prioritized for auxiliary facilities. Based on the on-
site access conditions, the proposed access plan is
as follows :

U Grid-connected at the 10kV voltage level
U The photovoltaic power generation of the
grid structure, service building, and

experimental building is connected to the ¥ station' % §

o - ‘f.lq'w_loﬁtk_vis.tepfé
10KV distribution room of the experimental S v48 " down Substation
building. 1\ Ry

U The photovoltaic power generation installed
in the HEPS loop is connected to the 10KV
distribution room of the utilities building.




Photovoltaic power generation

Md ot
Main equipment and layout _ - 7 T i =
L ad i J ’ :

i Generating component —

Monocrystalline Silicon Solar Panel

i Photovoltaic inverter

ox-type Trangfermer

—03 /2560kVA
\

U Step-up transformer distribution

) Prefabricated
equipment — ubstation
Prefabricated Substation \&
=il

2-Box-type —
Transformer

Box-type Transformer
10kV grid-connected cabinet

u Other application facilities
Charging pile
Photovoltaic trail
Display screen

U Intelligent Monitoring System




Photovoltaic power generation

Main equipment and layout

Generating component Photovoltaic inverter Step-up transformer HEPS 10KV

Monocrystalline Silicon direct current distribution equipment e

Solar Panel cable 10kV grid-connected 10kV cable 10kV grid-connected
cabinet cabinet
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The project uses 465Wp/550Wp Every 28 sub-strings are connected to a Every 3/1 step-up transformers are combined into a 10kV collection line, with
photovoltaic modules, with every 24-27 300kW inverter, and every 8/4 inverters are two lines c_orrespondlngly connected to the ne\_/vl_y bw_lt 10kV bus_bar of the
o connected to a 2500kVA/1250kVA step-up photovoltaic system. Subsequently, they are divided into two points and
modules connected in series to form a sub- ) : : - : P
transformer, stepping up to 10KV, totaling 4 integrated into the 10kV busbars of the power station distribution room and the
string. transformer substations. comprehensive building distribution room. A grid-connected switchgear is

installed at the grid connection point.




Photovoltaic power generation

Grid-connected photovoltaic power generation
HEPS Utilities building
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Main connection diagram of 10kV grid connection point ‘ ] ' T
Grid-connection point at the Utilities building: The DC-side capacity is 7220kW, equipped with
20 units of 300kW inverters, 2 units of 2500kVA step-up transformers, and 1 unit of 1250kVA step-up
transformer. The measured capacity of the inverters on the AC side is 6000kW.




Photovoltaic power generation

Grid-connected photovoltaic power generation
Experimental building
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Main connection diagram of 10kV grid connection point

Grid-connection point at the Experimental building: The DC-side capacity is 2730kW, equipped with 8
units of 300kW inverters and 1 unit of 2500kVA step-up transformer. The measured capacity of the
inverters on the AC side is 2400kW.




Photovoltaic power generation

Analysis of electricity generation

Service

Grid

Experimental

Grid

HEPS

building | structure #2 building structure #1 Ring Total
First-year theoretical electricity generation (10" kW-h) 55.35 36.40 102.53 99.17 1078.74 | 1372.19
First-year electricity generation (10* kW-h) 45.43 29.88 84.15 81.40 88543 | 1126.29
Cumulative electricity generation over a 25-year lifespan (10 kwW-h) | 1038.15 691.60 1922.89 1884.42 20232.09 | 25769.15
Annual average electricity generation (10" kW-h) 41.53 27.66 76.92 75.38 809.28 | 1030.77
System efficiency 0.82 0.82 0.82 0.82 0.82 4.10
Capacity (MWp) 0.40 0.27 0.74 0.73 7.82 9.95
Annual average utilization hours (h) 1044.28 1036.45 1035.90 1036.45 1035.34 | 1035.85
First-year equivalent utilization hours (h) 1142.54 1119.28 1133.37 1119.28 1132.76 | 1131.85

Once this photovoltaic power station is operational, the first-year electricity generation will be 11.26 GWH, with a
total of approximately 257.69 GWh over a 25-year lifespan, and an annual average electricity generation of 10.31 GWh.
The first-year full-load equivalent utilization hours will be 1132 hours, and the annual average utilization hours will be

1036 hours.




Heat recovery

Heat recovery is a technology that recovers and effectively utilizes
the waste heat from the condensation of the chiller unit (typically
discharged into the atmosphere by the cooling tower).

Different from heat pump units primarily used for heating purposes,
heat recovery units utilize the by-product of cooling operation—
waste heat—while meeting the cooling load to produce free hot
water. This process simultaneously reduces the heat discharged to
the outside through the cooling tower, thereby not exacerbating the
"heat island effect" in urban areas. It also reduces the operating
costs and noise of the cooling tower.

Waste heat recovery is defined as a renewable energy source and
aligns with the national "dual carbon" policy goals.

“Waste not, want not .” * Energy saving

heat recovery chiller unit




Heat recovery

The possibility of using heat recovery at HEPS

Basic requirements for adopting heat recovery

The operating scenario of HEPS

U The basic conditions for adopting heat
recovery include the presence of a cooling
load and a simultaneous demand for heating
load.

U Itis necessary to ensure an adequate

cooling load to meet the demand for heating.

The cooling and heating loads should ideally
be matched.

U Additionally, the determination of the hot
water temperature should meet the
requirements of the end-use equipment and
be matched with the temperature of the
chilled water.

U The equipment of HEPS consume much
energy(36.6MW), which is eventually
converted into heat.

U HEPS has a total building area of 125,000m?,
with a large building volume, requiring a
significant heating load in winter.

U HEPS accelerators and beamline stations
have high precision requirements for air
conditioning temperature, and a large
number of constant temperature and
humidity air conditioners are used, requiring
a stable heat load to be provided throughout
the year.

The usage scenario of HEPS perfectly matches the conditions for heat recovery.




Heat recovery
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Heat recovery

Heat recovery scheme

Operation scenario

ii

Vv

Winter

One 5500kW and two 2800KW heat recovery
chillers provide 10413KW of heating load.

During the winter shutdown period of HEPS, the
heat source of the air conditioning system is
connected to the heat exchange station, and is
supplied with heat from the municipal heat
network.

Summer and transitional seasons

One 5500kW or two 2800kW heat recovery chillers
provide 4117kW of heating load.

During the summer shutdown period of HEPS, the
heat source for the air conditioning system is provided
by heat exchange station or the backup boiler.
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Heat recovery
chiller units
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Backup boiler




Heat recovery

Installation and operation Utilities

i i : - sl buildi
The refrigeration and heat recovery systems are installed in the uiaing

HEPS utilities building. Equipment installation and

commissioning were completed in July 2022, and trial operation
commenced to provide chilled water for the Linac in
coordination with the accelerator testing. Acceptance was
completed in May 2023.

Heat recovery
chiller



Heat recovery

Heat recovery operation status

In November 2023, the heat recovery chiller units
started operating to provide hot water. Due to the
intermittent testing of only the Linac and Booster,
the cooling load is small, resulting in a limited

amount of heat that the system can provide.

waon’ chilled water flow rate : 1180~1200m3/h
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Heat recovery

Economic analysis of heat recovery

Under the conditions of meeting the cooling and heating load requirements of HEPS, the comparison of adopting
the heat recovery system with conventional cooling and heating systems :

The cost increase of adopting heat recovery system

i Initial Investment Comparison : HEPS adopts 4 heat recovery chillers compared to regular chillers, with an
additional initial investment of approximately 2 million RMB .

o Electricity consumption comparison : The electricity consumption of the heat recovery chiller units increases
by 20% compared to a regular chiller unit. under the same cooling demand conditions.

Heat recovery benefits

i Winter X During a 4 -month operation, the electricity consumption of the heat recovery chiller units increases
by 1380MWh compared to regular chillers, resulting in an increase of 1.2 million RMB in electricity costs , with

free heating provided. If municipal heating is used, the same amount of heat would cost 5.3 million yuan,
resulting in a saving of 4.1 million RMB per year

i Summer and transitional seasons X Duringthe5 -pr gwk rshudwlrqg/ wkh khdw uhfr
electricity consumption increased by 720MWh compared to regular chillers, resulting in an increase of 0.64
million RMB in electricity costs , but providing free heating. If a boiler heating system is used, the same amount
of heating would cost 3.67 million yuan, resulting in an annual saving of approximately 3.03 million RMB

Under normal operation, an annual saving of 7 million RMB per year can be achieved.



Other measures

HEPS uses reclaimed water provided by the municipal government as a water source for
production, such as for cooling systems, firefighting, and more.

The transformer room and the cooling water station of LCW should be located as close to the load
center as possible in order to minimize energy loss.



Summary

The first phase photovoltaic power generation system at HEPS has been installed and is
currently undergoing debugging. There are still a lot of work to be done to achieve grid-
connected operation. The second phase photovoltaic power generation system has been
Included in the plan but has not started installation yet.

The heat recovery chiller units are in operation and providing heating for HEPS now. Due to the
current partial equipment testing at HEPS and the low demand for cooling, the heat recovery
system's heating capacity is not high.

On the premise of ensuring the safe operation of HEPS, it is a challenge to use and operate these
facilities well in the future.
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