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Demand response (DR) program is a framework that changes electricity
consuming patterns by changes of electricity rate or incentive payments. Since the DR programs
brings controllability in demand side without huge investment costs, they are highly expected as an
efficient alternative to the traditional power supply-demand balancing operations. However, there
are still significant issues in the actual DR programs on setting of the electricity rates and the
rebate levels while ensuring their resources. The authors propose a theoretical approach that
calculates the optimal values of the electricity rate and the rebate level in DR programs based on
the framework of social welfare maximization (SWM). The proposal makes the contributions of the DR
measurable as increment/decrement of the surﬁlus functions and sets the optimal values of the
electricity rate and the rebate level from the standpoint of minimal burden on the DR programs.
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n;lngW,
SW, = F,(d,) — F,(s;) +p.(s, — d,), for vt,
Ey(st) = pese — Fi(sy), for v,
E,(d,) = F,(d,) — p.d., for vt,
s.t.s, =d,, for vt,

G™r <5, < 6™, for vt,
where t is time slot (¢t =1,---,T); E;(*) is surplus function of power suppliers;
E,(*) is surplus function of consumers; s, is electric power fed from power
suppliers; d, is power consumption; F;(-) is operational cost function of power
suppliers; F,(-) is price-converted utility function of consumers; p, Iis
electricity rate; G™> and ¢G™™ are maximum and minimum values of power supply.
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d{ = D, — Ad,,
where D, is actual electricity consumption without DR, which is standard for
electricity consumption; Ad, is change in electricity consumption after DR.

DR

9F,(de) Fp(dy). PeDi—AFi < - < 2F2(de)
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AE, . = E;(D;) — E;(d{) = (P.D, — p{d{) — AF,,
AE,, = E,(D;) — E,(d;) = AF, — (P.D, — p{d;),
where P, is actual electricity rate without DR, which is standard for unit price
of electric power; AF,, is change in operational cost by DR (= F;(D,) — F,(d}));
AF,, is change in consumers’ utility by DR (= F,(D,) — F,(d}))
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t pi (JIPY/KWh) p; (IPY/KWh) t pi (JPY/KWh) p; (IPY/KWh)
1 24..00 24.02 13 24..00 24.01

2 24..00 24.02 14 24.00 24.01

3 24.00 24.02 15 24.01 24.01

4 24.00 24.02 16 24.00 24.01

5 24..00 24.02 17 24..00 24..00

6 24.00 24.01 18 23.99 23.99

7 24..00 24.00 19 23.99 23.98

8 24.00 23.99 20 23.99 23.99

9 24.00 24.00 21 23.99 23.99

10 24.00 24.00 22 23.99 23.99

11 24.00 24.01 23 24.00 23.99

12 24.00 24.01 24 24.01 24.00
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t pi (JPY/KWh) p; (IPY/KWh) t pi (JPY/KWh) p; (IPY/KWh)
1 1.10 0.91 13 5.67 4.21
2 0.86 0.62 14 5.19 3.10
3 0.76 0.81 15 5.01 3.34
4 1.52 1.44 16 5.04 4.29
5 1.93 1.26 17 6.94 7.30
6 4.05 4.09 18 10.70 11.49
7 5.79 6.31 19 11.77 13.28
8 7.07 9.07 20 12.64 13.03
9 7.90 8.34 21 12.84 12.98
10 6.44 5.56 22 12.33 12.16
11 5.25 4.02 23 8.66 8.95
12 5.45 3.30 24 4.97 6.52
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