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In association with the growth in penetration of renewable energy-based
generation systems (REGs), profitable and stable supply-demand operations in electrical power grids
are crucially required to manage the high installation of REGs, improve/keep the reliability and the

quality of power supply, and provide the economic benefit. With a view to addressing the
circumstance, a new problem formulation and its solution method to determine a coordinated operation
schedule for the power grid components is proposed. Usefulness of the proposed framework and its
solution method is verified through numerical and experimental simulations and discussions on their
results. These results were presented at academic conferences and published in academic journals.
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u;, € 0,13, for vi, vt, (1)
Jit € [Girrlivl'Glyr1a_t], for Vi, (2)
sjc € [smin, smar], for vy, t €TS;, (3)
v € [vma,0], for vk, t € TV,, (4)
e, =D, — (2?’:01 it " Uie + 2731 Sje+ 21;21 vk,t)! for v, (5)

where ¢ istime (t = 1,---,T); i isthe number of CGs (i = 1,---, NG); j isthe number of ESSs (j = 1,---,NS); k is

the number of CLs (k = 1,---, NL); u;, is the ON/OFF state variable of CGs (ON: 1, OFF: (), which is an element of



vector u, and w; g; . is the output of CGs, which is an element of vector g, and g; s;. is the output of ESSs and an

element of vector s, and s; vy, is the output of CLs and an element of vector v, and v; G and GM™™ are the

maximum and the minimum outputs of CGs; s7;** (> 0) and smin

I e (< 0) are the maximum and the minimum output of

ESSs; v, ¢ (< 0) isthe maximum output of CLs; T'S; isthe set of time that the ESSs are available; TV, isthe set of time

that the CLs are available; D, isthe aggregated net load (the sum of electric loads and REG outputs).

minF (u,g,s,v,e) (6)
F(u,g,s,v,e)= I {TVG[FC(us, gi) + SC; - uie - (1 — uzp_q)] + My - &1}, @)
FC(unge) = £V=61(Ai +B; g + C; 'Qi,tz) " Ujgs 8

where FC(u,, g,) isthe fuel cost of CGs; SC; is the start-up cost of CGs; M, is the price of electricity trading; A4;, B;

and (; arefuel cost coefficients.

If0<wulf <MUT; thenu;, =1
olff , for vi, vt. (9)
If0 <w;,” < MDT; thenu;, = 0
AGE™™ < gip — gie1 = AG;T, fOr vi, vt. (0
Q}rzirl < Qe < Q]{rlax, (t’ € TSj), (11)

@je-1 —N;j " Sj,» Charging
q}f = { fOI’ Vj, t e TSJ (12)

1 3 . 1]
Qjt-1 — = Sjc, Discharging
: e

Synin = max Synin' . pmax
{ J”’:(IX : ( ]max Aot ]min)’ for Vj, te TS]" (13)
s = mm(Sj Q-1 — Q] )
prin < p . < P, forvk, t € TV, (14)
Pkt = Pri—1 — & Vppr TOF Vi, t €TV, (15)
vt = max(V"™, py -1 — PEY), for vk, t € TV,. (16)

on
Here, upy

and ulf’{f are the consecutive operating and suspending duration of CGs, MUT; and MDT; are the minimum
operating and suspending duration of CGs; AG;” and AG{**" are the ramp-up and the ramp-down rates of CGs; q;, is
the state-of-charge of ESSs; Q}"i” and Q}"** are the minimum and the maximum states-of-charge of ESSs; 7; is the
overall efficiency of ESSs; Si"’i" and S/"** arethe minimum and the maximum capable output of ESSs; py,, isthe state-of

charge of CLs, V™% (< () is the maximum charge of CLs, P/ (> 0) and P™X (= () is the maximum

states-of-charge of CLs; &, istheoverall efficiency of CLs.

2 ©)
u'y,, €1{0,1}, for v, (17
g,h,t € [G/;Inin, /;;mx], for Vh, (18)

where h is the number of controllable component (h = 1,-:+,NG,--,NG + 3); u'y; is the state of controllable
component , which isan element of vector u’, and u'; g’y isthe output of controllable component, which isan element of
vector g', and g; G and G'™™ are the maximum and the minimum outputs of controllable component. Here,
(NG + 1)-th component means the aggregated ESS, and (NG + 2)-th one is the aggregated CL. The main power grid is
(NG + 3)-th component.

D, = 1};15;—3 glh,t' u’h,t’ for vt. (5)
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