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5- Compressed air energy storage
6- Adequacy
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Determination of Optimal Operation Strategy for CAES in
Fluctuating-Hourly Electricity Market with High Renewable
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Abstract

Background and Purpose: With influx of sustainable and renewable energy with high penetration
into the production system, Compressed Air Energy Storage (CAES) could be used for creation of an
acceptable adequate and smooth Electricity production system. CAES plants operate on electricity
markets by storing energy when electricity prices are low and producing electricity when prices are
high. An essential condition for the profitability of the CAES in hybrid systems is appropriate strategy
for CAES operation about the sale and purchase of energy. This study aimed to determine optimal
operating strategy for CAES systems fluctuating-hourly electricity market with high penetration of
renewable wind power.

Method: In this study, with simulation of production system of Khorasan Regional Electricity
Company power plants which among all, the theoretical optimal strategy provides the highest net
income for the storage unit. But since the market price of the upcoming hourly-fluctuating market is
not pre-determined, two prognostic and historical practical-operational strategies have used for Setting
up compressed air energy storage system.

Findings: The results show that prognostic and historical practical-operational strategies, on average
have 93% and 89% of theoretical optimal strategy s’ net income, respectively, in all six simulated
capacities for compressed air energy storage system.

Discussion and Counclusion: Based on the results, it is necessary to use power storage in order to
increase grid stability and reliability of production in hybrid systems with high renewable power
penetration; because a Black-Start must be ready in grid for Possible Black-Out situations which could
provide load of grid in the least possible time. Use a CAES could be a great way that not only

1- Assistant Professor, Economics and Islamic Banking Department, Faculty of Economics, Kharazmi
University, Tehran, Iran * (Corresponding Author).

2- Professor, Faculty of Economics Management & Economic Sciences, Ferdowsi University of Mashhad,
Mashhad, Iran.
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guarantees reliability and stability of grid in emergencies, but also is economically feasible and have
operational suitable profit.

Keywords: Simulation of Power System, Wind-Fossil Hybrid Production, Compressed Air Energy
Storage System, Optimal Strategy.
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Table 1 - Licensed wind turbine installation projects in the great Khorasan
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7- OSEMOSYS: the Open Source Energy Modeling
System
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Table 2 - Technical-economic characteristics of Khorasan Regional Electricity Company power plants (Part I)

o9y o
oglf o | Glopdt S | (S o Y -
T
sy N fas YO 2 Slgle = gomsl &)
s A-Y Y- v = lSe - las & )08 Lawgie
YEIHF Y YVEVOOY YAAFVEY | AvFFava [ vaava.s el Slglfe - LalBl odgs
VY VYA Vely $I¥ VAIA doys — Ay US 5l as e
YEAS- YOFEF YYYYY YarYA YAy el SlglEa = L5l G pas
YEV-VOY YYYYVY YVFV-Y. | AYSOFFY | YVevvad cels SlylEe - Lals oy
00 AS¥ £y Vag OVF gl = gadsi b yiSTa
OV SYIY 5. /f YAIY va/f ao = by
NYele ¥a/) 0a/f oYY % RO (VS
YYYYaY AYVVaS fEeevy [ FAYAYY | vosss CaSe yio e - 55 g
Yyyyayv sl e - Sl S
YAOSS yafay 5 YA VYA rYY d 5= eagylS g
Y0 ¥1/4 ¥4 Ya/0 YEIf ao s = lead,

(pgd wsky) (bl y3 (sladlaie (§ p &S pb 03gux0 (S0l g i (golasdl- S8 b S39-Y Jour

Table 3 - Technical-economic characteristics of Khorasan Regional Electricity Company power plants (Part I1)
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Table 4 - Khorasan Regional Electricity Company power plant production cost data (Part I)
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Table 5 - Khorasan Regional Electricity Company power plant production cost data (Part 1)
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Table 6 - The establishment cost of CAES
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Table 7 - The simulation results of base production systems and fossil-wind hybrid system
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Table 8 - simulation results of CASE capacity adjustment to fossil-wind hybrid production basket
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Chart 1 - Spot-Hourly turbines production with 150 MW capacity for CAES
(Vertical axis shows production (MWh) and the horizontal axis shows the spot-hours)
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Chart 2 - Spot-Hourly compressor production with 150 MW capacity for CAES

(Vertical axis shows production (MWh) and the horizontal axis shows the spot-hours)
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