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Robust optimal scheduling for BIPV considering source-load uncertainty
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Abstract: To improve the economy and robustness of building integrated photovoltaic ( BIPV) energy system, and
mitigate the negative impacts of uncertainty in photovoltaic output and electric heating and cooling loads on the
economic and stable operation of BIPV energy system, this paper proposes an integrated prediction-configuration-
scheduling strategy to achieve robust optimal scheduling for BIPV energy systems. Firstly, the correlation between
photovoltaic output and electric heating and cooling loads is comprehensively considered by multi-task Gaussian
process ( MTGP) , and the accurate source load prediction results and their probability information are obtained. On
this basis, the MTGP-based source load uncertainty set is established. Secondly, the energy system structure is
designed according to the building type and load requirements, and the economic optimal capacity allocation model
is established and solved with the minimum annual investment cost and annual operational cost of the system as the
objective function. Finally, the two-stage robust optimal scheduling model of BIPV energy system is established on
the basis of determining the uncertainty set of source-load and equipment capacity allocation. The economic optimal
scheduling scheme of the system is obtained by solving the model through column constraint generation algorithm
and KKT condition. In this paper, the electric heating and cooling loads data of a teaching building in Arizona State
University are used to validate the proposed optimization strategy. The simulation experimental results showed that
the proposed optimization strategy can flexibly adjust the conservatism of the scheduling scheme by changing the
uncertainty set confidence. Under considering the time-of-use electricity price, the energy storage devices give full
play to the role of peak shaving and valley filling, which reduces the system operation cost. The proposed
optimization strategy improves the economy and robustness of the scheduling scheme, compared with the traditional
deterministic optimization strategy and the robust optimization strategy using box uncertainty sets.
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Fig. 1 Structural diagram of BIPV energy systems
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upy (1) = &P\ (1) =Ty (1)2,,0 (1),

N
2 TPV(t> s FPV
t=1

Ny

uy (1) = ZLEL(t) + Ty (1)2,,0 (1), 2 Ty (1) < Ty
t=1
Ny

uy (1) = ZLHL(t) + Ty ()20, (1), 2 T (1) < Ty
t=1

Ny
ug (1) = &CL(t) + T (1)2,,00.(1), z T (1) =Ty
t=1

(43)
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Fig.2 Flow chart of C&CG algorithm .
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Tab.1 Operation parameters of system
PE/kW Mg M epy/ (¥ om™?) oy s/ (¥ kW) g COPysyp e/ (¥ kW) TEC COPy
200 700 2 400 20 970 10 3.5 1200 10 3.0
(PEes/ Plies/ Pegs ) /kW (cpps/cnps/ccps )/ (¥ kw ! ) (kpps/kyps/keps )/ (¥ kWh ™! ) res/ Tres/ TEs Mees” Mues” NcEs

30/10/30 550/135/135 0.018/0.013/0.018 10/10/10 0.96/0.92/0.92
F2 HEEMN
Tab.2 Time-of-use electricity price
HLr ST iy B kS /(¥ -kWh™!) kg"/( ¥ -kWh™')
0000 — 07:00
iR 141 0.3 0.2
2400
08:00 — 1000
BN 16:00 — 1800 0.8 0.5
22.00 — 2300
. 11:00 — 1500
T A 1.3 0.8

19:00 — 21:00
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Fig.4  Uncertain variables at various confidence levels
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Tab.3  Comparison of confidence intervals at various confidence

levels
N CP/% B
BIEE/% N

Jetk WA M B AR ¥
99 100.0 100.0 83.3 100.0 423.43
95 100.0 100.0 79.2 100.0 349.48
90 100.0 95.8 79.2 100.0 314.42
80 95.8 83.3 79.2 91.7 277.15

M2 3 nf LA W, M) B 05 B 0 6 fr Y CP
FE GRS T e v B far ANAR 22 3 J2 DR R 5090 F T
b DX P A vy, FAH A 5 H Al 97 A A B SR /N L
BEBLIE B, S 2GR G far B R 22 AR K, B
B0 i RIS AR T R E A Ve B s Y CP R 2 AR
KB N R G52 7 WA BA N N, 256 % IR RS
CP R Uik, J5 Sy 338 06 R oy AS B 2 4 45 1k
95. 0% B A5 X [HHEAT . FE I Friz & s B 5L AR

P S B oK 2R 15 JH AN AR A R
RGLTHEMEBEE,
4.2 FEMUBREERSH
Z B R GBERE T, DAE B BN A i ME
HRE, REA R E S R ILE 4,
x4 REREEREBEER

Tab.4 Capacity optimal configuration results of system
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Fig.6 Results of optimization
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Tab.5 Simulation results of three optimization schemes ¥
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