ISSN 1738-3935 (Print)

New & Renewable Energy 2025. 12 Vol. 21, No. 4 ISSN 2713-9999 (Online)
https://doi.org/10.7849/ksnre.2025.0039

[2025—-12—IES—007]

M) Check for updates

HIOIEMIE] T=SE= #fet

Slo|HE|E OflLiX| AJAE! S

uretaf) - et MaY - tsts? - 27 e

Youngsuk Bang" - Keon Yeop Kim” - So Eun Shin” - Ha Neul Na? - Gi Tae Kim?"

Received 25 October 2025 Revised 2 December 2025 Accepted 11 December 2025 Published online 23 December 2025

ABSTRACT The expansion of Al and data centers is accelerating the growth of electricity demand, while international climate
agreements highlight the increasing importance of carbon-free energy sources. Wind and solar power represent major renewable
options, but their intermittency due to environmental conditions poses challenges for a stable power supply. In parallel, data center
electricity demand exhibits substantial daily variability depending on utilization. This study analyzed the variability of renewable
energy generation and data center power demand to assess the feasibility of maintaining a stable power balance, and identified the
need for a reliable power supply through energy storage systems (ESS) and baseload power sources. The results further emphasize the
potential role of nuclear energy as a complementary option for ensuring a stable and sustainable electricity supply.
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Nomenclature Vput_ow - CUt-out wind speed [m/s]
u; : ith server’s utilization
S™* : maximum standard air flow [CMH] (14000CMH A : wind turbine rotor swept area [m2]
fora 7.5 kW CRAH unit) L :data center task consolidation
p;  +ithserver’s power consumption [W] P, :data center total power consumption [W]
pi® :ith server’s power consumption without load [W] P, :server farm power consumption [W]
pr°* : ith server’s power consumption at full load [W] % o server farm power consumption at full load [W]
v : wind speed [m/s] Prpap control room air handling system (CRAH) power
Vout_in - CUt-in wind speed [m/s] consumption [W]
Uyareq - Tated wind speed [m/s] P, .1 - chiller power consumption [W]

Pype - uninterrupted power source (UPS) power con-
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sumption (loss) [W]

Pl : uninterrupted power source (UPS) power con-
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Pppy = power distribution unit (PDU) power consumption
(loss) [W]

Pl power distribution unit (PDU) power consumption
(loss) without load [W]

P : wind turbine rated power generation [W]

S : photovoltaic panel array area [m’]

T : ambient temperature [°C]

U  :data center utilization

Appy - square-law power loss coefficient of PDU

Ayps - proportional power loss coefficient of UPS

Nepay - €fficiency of the heat removal from the system

npy :efficiency of the photovoltaic panel power con-
version

d : irradiation [W/m2]
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Fig. 2. Example comparison of net electricity demand and
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Table 1. Energy Efficiency Ratio (EER) of chiller

Ambient Temperature [*C] EER
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5 5.49
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15 4,74
20 4.34
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41 2.66
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Table 2. ESS requirements based on wind and solar power

capacity
Case Wind Turbine Solar ESS Capacity
[Mwel [Mwel] [Mwel]
1 45 250 8,000
2 90 500 528
3 180 500 416
4 90 1,000 384
5 180 1,000 368
6 360 2,000 336
7 720 4,000 320
8 1,440 8,000 312
9 2,880 16,000 304
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Fig. 20. Total ESS energy charged (Case 2)
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Fig. 21. Power supply by generation type (Case 2)
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Table 3. ESS requirements based on SMR capacity and

output
Generat_ion Output Range ESS Capacity
Case Capacity %] [MWe]
[MWe]
1 130 30 ~ 100 136
2 150 30 ~ 100 104
3 170 30 ~ 100 88
4 130 50 ~ 100 48
5 150 50 ~ 100 16
6 170 50 ~ 100 0.1
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Table 4. Power generation capacity required for supplying
electricity to Al data centers (Renewable Energy vs.
Nuclear Power)

New and Renewable Energy + ESS

Wind Solar ESS Tog'ag:éﬁ‘\'/'ed
[Mwel] [MwWel] [Mwel] IMWe]
90 500 528 1,18
180 500 416 1,096
90 1,000 384 1,474
180 1,000 368 1,548
Nuclear + ESS
Nuclear Output Range ESS Totc?;g;séﬁged
[MWe] [%] [MWe] IMWel
B L
100 Opej:iOI?(alc(i)O) 24 124
130 30 ~ 100 136 266
150 30 ~ 100 104 254
170 30 ~ 100 88 258
130 50 ~ 100 48 178
150 50 ~ 100 16 166
170 50 ~ 100 0.1 170.1
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