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Capital requirement x technology risk

Flow batteries

Flywheel (high speed)

Superconducting magnetic

Supercapacitor
energy storage (SMES) by

Adiabatic CAES

Hydrogen
Synthetic natural gas

Thermochemical

Molten salt

oS ool ario 01RESS
(0150 S5 o)

Lithium-based batteries

Ice storage Sodium-sulphur (Na$S) batteries

Compressed air energy storage (CAES)

Residentia_l hot water
heaters with storage 0\ Underground thermal
energy storage (UTES)

Cold water storage \K
~)\Plt storage

Pumped Storage Hydropower (PSH)

Research and development

@ CElectricity storage

Demonstration and deployment Commercialisation

Current maturity level

W Thermal storage



Discharge time (hr)

100

10
Off-grid, m-CHPs

0,1

0,01

01

Mid-range storage
Grid scale batteries

Short-term storage
Demand side management

1 10 100

Power rating (MW)

1000

Interconnectors




Cavern



i i ir

Ny [ Ng
Min (c5 + 42 R 4 pdn gin )

Ny
MP o NP dn o dn )
j=l1

N Nr | Ng
+ 27 {Z [Z (A Prs )
s=1 =11 i=l

N
+S oLz, 1 }} s
=




oS ool ario 01RESS
(0150 S5 o)

Vj,V1,Vs.

0< LG <L,

jis*

v
ZP;“ZE““‘ ZLLJ.H. V1, Vs.
j=l

| Cy 24 (u, —u;, ), Vi,Vt.
‘E}mm n*—P;rs—Pm Wit Vi, V1. Vs. Cit =0, ViVr
1) P max - . :
0<RF <R uy. ViV 0<CPY <BY, VtiVs.
RF 2P, -P,. YiVt.Vs. v
D P +ZL§§§‘* —CPY =NL_., Yt Vs.
0<R™M <RI, Vi Vit E

R =>p. —P.. VYiVt.Vs.

O0<R7 <R;7™. Vj.vi

i —

0SRY <RY™, Vvt

Jf_



%@
¢

oS gl ariu0 01N
(Ol Susi o)

RES, =RES, ., +P5 -1,P5. VeVL.Vs Mg Pl S P SMey Pl Ve VE.Vs
RES .. <RES. <RES.__. Ye.Vt.Vs Mo + ey <1, Ve, VI Vs.
¢ L [
n. P <P.sn P RES,y_; 2 RES.,. Ye.Vs.

.
if} ZL“’” CP“+Z(P§ ~PS =ML,
i=l

Vt. “*?’3.



5 leWMb) —

| p» - . PY
Time (h) t L, (MW) | Time (h) t L, (MW)
(MW) (MW)
1 6 30 13 20 101
- 0 78 14 28 102
3 15 30 15 24 103
4 10 34 16 22 06
5 25 40 17 20 100
6 26 48 18 15 105
7 30 57 19 12 107
8 35 75 20 13 110
9 34 80 21 15 105
10 38 84 22 17 100
11 35 00 23 25 70
12 30 96 24 22 55
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Cost Components
Case | Operation Spinming | - pe Load
Studies | Cost(S) | Ewergy | reseme | ction | shedding
cost (§) scheduling S 8
cost I"-S,l' Cos 1] (L !
case 1 40656 | #6448 401.12 0 0
case 2 3165475 | 3052246 | 1132289 0 0
case 3 201012 2744062 | 2552790 1446 .52 39.78
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