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Abstract

The integration of highly uncertain renewable energy into the grid poses significant challenges to the
secure operation of virtual power plants (VPPs) that include data centers. To address this issue, this
paper proposes a distributionally robust optimization (DRO) scheduling model for data center VPPs
based on a diffusion model. First, to more accurately characterize the uncertainty of photovoltaic (PV)
power generation, a diffusion model is employed to generalize irradiance-temperature joint scenario
data, enhancing both the accuracy and diversity of PV output data. Then, a Gaussian mixture clustering
model is applied to reduce the dimensionality of PV output data, and the resulting scenarios are used
as the initial set for DRO. Furthermore, to further explore the demand response potential of data centers,
a mathematical model for data center VPPs incorporating transferable batch processing loads is devel-
oped. Finally, the min-max-min DRO problem is solved using the column-and-constraint generation al-
gorithm. Simulation results demonstrate that the proposed diffusion model-based PV output scenario
generation method in this paper can more accurately and effectively capture the uncertainty of PV. Ad-
ditionally, the proposed DRO model in this paper can effectively balance the relationship between eco-
nomic operation and robustness.
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Figure 1. DDPM-based framework diagram for irradiance-temperature stochastic scene generation
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Figure 2. DCVPP operation framework diagram
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Step 1: B FRALB=0, FHHNUB =00, EIERUHEON 1, ISOREIE N a , VIR A p,,

Step 2: KR IHEE, 1930H MBIk E, BT IME max{LB,Au’;, +77*} ;
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Table 1. Equipment operating parameters
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S B S HiH S HiH
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a 0.004 M., 0.95 K gia 0.8
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Figure 3. Irradiance-temperature and photovoltaic output prediction diagram
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Beaipst, RICT SERR = AT HERAE T 0.8 MW FGIR R L HLITTE 2016~2022 414 I R AR B2 500,
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NIGUERTHE DDPM SLVELE 504 e B VTR AT 2 464, A0 DDPM 7 A1 GAN 5 5 3E(T 46
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Figure 4. Comparison diagram of DDPM and GAN loss functions
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5.2. XTEELER D

5.2.1. ERREMSERL S

W BT i H) DRO 77125 1% el e MRS Y p)ife] 2 5 SR BEAT 0T EL o 20 SR M=2000, o, =, =0.99 ,
X g Rk 2 fis .

M2 R, SR DRO AR i e M E R A I, JIF B3R TS EReIRME % X
R NE B CRAHEVEREBN G, RESTINCRST, 24 H A E LR IE O, AT H
BEZF M. 555, T DRO JEH R T 5t 0 m A e, BXCEAG e, Fimik
137 B2 MR oy A B, R BRI BRI BE . X SR FH DRO J7 VL AT Y S/ T il RE VR T i Al
S5 TT T 2 A R
5.2.2. SR HREMFSER LT
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oA BHIACKH S AAE TR, B IX A E N 20%; 7011 & ik M=2000, o, =a, =0.99,
X g R 2 fis .

MFZ 2 ST, DRO AL & HE oL R R s 8 AR T S Ak, s TR . X
& BN BENUILAG FIRE R 0 A A % FEBCB B S L, IR SRR . Bl T B0, &
FARSFYERSR, IR NG S Ei % . DRE ik L AR S U EIE BRI P67, SRR
FERRARAZ & AR M [F B, g T IE AR ITH G, L6 RO AN E PRI 7 T 58 =LA 3

Table 2. Algorithm comparison results

2. BEMEEER

G2 b I i
- 8 MLk BENLIL AL SRR ARSCATHRETT
BRAFEALA 8.1266 7.3020 8.4596 7.9887
S HL I 3.6243 3.5882 3.7566 3.6972
Sz LR 1.1101 1.2129 1.1506 1.0998
A ﬁ%ﬁﬁiﬁ%ﬁizl; 0.1605 0.1563 0.1663 0.1370
FIE/(10%%) WS AL A 1.1349 1.1757 1.1398 1.1673
T SR A 0.8862 0.7436 0.9186 0.8149
TRAETBUR AR 1.4742 1.5091 1.5280 1.4976
FAA 0.7905 0.5915 0.8193 0.5018
BIEE A 15.0727 13.8418 15.6228 14.6982
FEHR/ % EDDIES 20 10.86 13.66 8.16

5.2.3. ML SBIRTEL o

P BE AT B AL R I U S8 R M. RIS K. 1T R LK oo -5 5E
SRR, T 5 SO FE 45 RIS AT AT, BT 1-0EOR o0 BRI 0.95, BEFCIR A RS ML
L3y 5 TR K A S R sem . xS RN 3 iR,

Table 3. Comparative analysis of parameters K and M

3. BH K. M SLESHR

u W BE AR /(103%)
K=5 K=10 K=15 K=20
2000 14.5431 14.6982 14.7215 14.7934
5000 14.4965 14.5624 14.6424 14.7631
8000 14.4001 14.4863 14.5862 14.6934
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