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Hydrogen Energy Storage Battery Equivalent Model (BEM)

Storage capacity =~ 10GWh.

m p ’ - - - - . . . .
X large-scale GMLC 1.4.2 Grid Service Dispatch Algorithm Power injected into grid (Pyq)
S \ energy storag e Ve
Battery-Equivalent API ]
\ Hutiebann rmmes @ oD Power to end use (Pqnguse) b
B Oa
>, \ | Parasitic power (Pasitic)
(=] Battery-Equivalent API -
~ CAES Device Fleet Model Power from source/sink (Pgyyrce)
. Adiabatic v Aggregation Coordination u A
I B Cbeitc ] | |
3 \ | Pu':n:;ed Converter Power output (Poyepu) +
| ro (SE—— .
T : ':]" T ¥ _ _ _ Power discharged (Pgischarge)
Redox-Flow-Batteries /"\ . | Device Model Sub-Fleet 1 Device Model Sub-Fleet 2 SOUfCG/Slnk
B — Supervisc?ry Control Supervisory Control
g I g (optional) (optional)
3 NaS Pb e Local Control Local Control G .tH b R .t
= :
= | Li-lon, NaNiCl Batteries I u e pos I o ry
| Physics hysics
3 : ' i https://github.com/GMLC-1-4-2/battery interface
yo) B —— D
c " Super- - Flywheel
§ g:g:;tor  conductive | storage Parameter Electrolyzer Model Battery-Equivalent Model
‘ < RS Source: [1] N Power Operating voltage (V) Input power P,
1 kW 10 kKW 100 kW 1 MW 10MW 100 MW 1,000 MW Operating current (/)
Power
Storage capacity Tank(s) capacity (p,,,q+) Maximum state of charge SoC,, .
Energy stored Pressure in the storage tank(s) Current state of charge
Sﬂcactuai
Operation time  continuous Only if grid service is requested
Electrolysis enables Efficiency Electrolyzer efficiency (n,) n = Stored energy (H>)
versatile uses. Power supply = t
;-,g;f‘ro u
Results and Analysis
- N Electrolyzer BEM response to grid service requests
ol ANT < ‘Jg}} 60

40 — Prequest

Device Response o

20

(&)
o

Source: [2]

~
(@)

S
State of Charge (%)
N w
(@) o

Electrolyzer Model m

i: current density.I: current

o: exchange current density 0 1 2 3 4 5 6 7 8 9
) n:number of electrons transferred lteration Steps <10t T Il il | | | | | | |
| a,, a.:transfer coef f.anode, cathode 80 — - fime (Hre)
F:Faraday's constant 20 / W - Peak | }1 | e
n = (V — Vg ): overpotential.V: voltage 000 f Management | JL | L} ‘+ JF L
R: gas constant.T: temperature 00 g oo _— '] L : H ﬂ
_ o wos ¢ | Response || || | 1 (I
N.: number of electrolyzer cells in series 50 0002 B | -
T’F: Faraday effiCienCy %40 N o 2010 I12 11 2010 I12 12 2010 I1213 L 2[;10 I12 14 2010 I12 15 2010 I12 16 2010 I12 17 2010 I12 18
. V_tn: thermoneutral voltage P 50 902 - - - " " " " "
Hyd g = _
kil P.cc: €lectric power. F,,,,,: compression power §30 Freq u er? Cy - ] T e
Ey,: Low heating value of hydrogen Reg ulation 5085 50 11 j“i 1] “ 1 1. - piae
my,. mass flow of produced hydrogen 20 Res ponse Tg’-a.on L f] '_J { | il L+ ”
101 Pservice & -0.0741 ’ t | | ( ! ]' r
" " - . — P electrolyzer 59.80 - - , L )~ ]' | |
» Reaction for hydrogen production in the electrolyzers | o e 0] oo S LN 0 N .
0 2010-12-11 2010-12-12 2010-12-13 2010-12-14 2010-12-15 2010-12-16 2010-12-17 2010-12-18
- . : : 0 20 40 60 80 100 120 140 Time
Oxidation and reduction reactions at the anode and cathode: Time (s
2H,0(1) — 0,(g) + 4H* + 4e~, 2H* + 2e~ — H,(g) Regulation Service Response
1001 — prequest M [ W ’ i [ h "
_ -~ P _response n M ﬁ
> [ — V curve. Butler-Volmer Equation: || P \1 [‘
— P _base
f \ ; il “ | W[
o agnkn a.nkn : = ,# ; l |-} 5‘ ~—~@ !‘ AM m O | Y 1 EWE
l = lgyexp — exp ’ s ., : ’ 4 ‘v
k RT RT ) : w J( ‘ | F. \
-50

» Hydrogen production rate, voltage and charging efficiencies:
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