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Today, you can learn :

How to evaluate the cost of an energy How to compare the cost for storing with

storage application over its lifetime ? the cost for producing ?

How to apply the economic analysis in a simplistic example

of hydropower storage for seasonal storage ?
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Diverse costs of energy storage systems

Levelized Cost of Storage 2.COS [€/MWh]

Cost terms
T
CO&M + Cch CDR Ceap - Investment cost[€]
cap Z t T+1 Cogyr- operation and maintenance cost [€ ]
t=1 (1+ r) (1_|_ r) C., ' charging cost[€]
LCOS = = Cpp - disposal and recycling cost[€ ]
y E gisch
- (]_—l— r)t Financial terms

r: discount rate [% ]

Energy terms {: ongoing year
E s - Annual discharged energy [MWh] T application lifetime [yr]

mmm) Accounts for the lifetime application
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Ao, Aalto University mmm) Reflects the internal average price of electricity

Schmidt et al., « Projecting the future levelized costof electricity storage technologies », Joule 3, pp. 81-100, 2019



Diverse costs of energy storage systems

Annual Discharged Energy £,.., [MWh]

T

Application terms
N, : number of cycles per year
DoD : depth of discharge [% ]
EU. energy capacity [MWh]
g7 - round trip efficiency [% |
npr - self-discharge portion [% ]
T.: construction period [yr]

Edisch \ (1_ Nd) (t_l)Na (1_Td) -
Zm: N, DoD E; ng; (1—775e|f) Z
t=1

- (1 4 r)TC+t

Energy discharged -
to the consumer Degradation factor

Degradation parameters

N, rate of energetic degradation per cycles [% ]
T, rate of temporal degradation relative to shelf time [% ]

EE

Schmidt et al., « Projecting the future levelized costof electricity storage
technologies », Joule 3, pp.81-100, 2019



Diverse costs of energy storage systems

Investment costs C.,, [€]

C., =C» P,+C.E, +Z
—1(1+r

)T+|(Tr

Electrical
Components

Replacements

Do not count an element twice
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Cost terms
Cr - energetic cost[€/MWh]
Cp : power cost[€/MW]
Cpp - replacement cost[€/MW]

Application terms

E, . energy capacity [MWh]
. installed power [MW]
. construction period [yr]
: replacement period [yr]
- number of replacements
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Diverse costs of energy storage systems

Operation and maintenance costs Cpgy [€] 1%

(t-1)N t-1
T T . a( . )
O&M C N DOD E (1 Nd) 1 Td
P OM E,OM a u
=1 (1+ I’) t= (1+7)
Electrical Discharged energy by Degradation factor
Components the storage
Cost terms Application terms
Cpoyt power O&M cost [€/MW] N, : number of cycles per year
Cron © energetic O&M cost [€/MWh] DoD : depth of discharge [0;1]

A‘, B aniversity. ! Do not count an element twice !
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Diverse costs of energy storage systems

Levelized cost due to Charging [€/MWh]

L C
ZCht Cost terms
' =] (l_|_ r) C C,; : electricity price[€/MW]
\ el C.p, : charging cost [€]
/ Z dISCh nRT C..p - Investment cost [€]
= (1+7r)'

Application terms
nrr - round trip efficiency

DiSpO Sal and Recycllng cost CDR [€] E o - discharged energy to the consumer [MWh]

Fpp t factor for recycling and disposal

CDR — FDRCca
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Consummed Power [GW]

Hydropower Seasonal Storage System

1 2 3

Time [days]

Potential
Energy

Kinetic
Energy

E,= 169 GWh
P, =154 GW

DoD =65 %
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Translation

Rot.
Spe;ed Rotation Curre;nt
Mechanic Electrical

Mechanic

Rotation
Mechanical

T

e

Voltage

AC

Electrical

P,=177GW F,=17.9GW

Hoump = 87 %

Mmot = 98,5 %

Adjusted
AC Electrical

P,=18.5GW

Nwrb = 97 %

Sustaining consumption when average
consumed power is ensured with nuclear plants

Electric
Network

nrr = 69 %



Consummed Power [GW]

Degradation factor [%a)

Time [days]
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Hydropower Storage System

Annual Discharged Energy

Number of cycle per week : 6,5 wmmp N, = 338 cycles/yr
Self discharge/ idle ratio : 5., =0 %

Application lifetime : 7°= 50 yr Construction time @ 7.= 3 yr

Cycle degradation ratio: N, = 0,0007 %

Time degradation ratio: 7,= 0,4 %

Discount rate : r=8 %

T

Z—Edi%ht =232 TWh
= (1+7T)



Hydropower Storage System

Investment costs C,,,

Energetic cost (above ground) : C, =66,4 €/kWh

mmm) Reservoir cost : CpxE, =7 769 ME

Power cost : Cp =937 €/kW

Cost for Pump/turbine & Motor & Frequency
Converter: CpP,=17 3536 M€

Replacement cost : Cp = 95,45 €/kW i
Replacement interval: 7300 cycles or 21 years 4 =i (1 e
Number of replacement along 50 years lifetime : R =3

CPR I:>n

) Tc+k Tr

=331 M€

C.., =25 341 M€
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Hydropower Storage System

Operation and maintenance costs Cpgu,

Energy conversion components: Cppy, =8 €/kW per year

mmm) Turbine & Motor & Power Electronic: Cpy, P, T=6 108 ME

Energetic operation cost: Cyqy =1 €/MW

T G t-1
m=) C._,, N,DoDE, Z(l Ng) ~(-T,)

= L+r) "

=280,6 M€

i
CO&M
. S =6 389 M€
A? i ) Z L+r) "
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Hydropower Storage System

Charging and recycling costs

Al C
y e =21 €/ MWh Electricity cost : C,,=17,4 ¢/kWh
= n

CDR =1 072 M€ Environmental cost factor: F,r=4,23 %

Levelized cost of storage

LCOS = 161,6 €/MWh
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B Engineering %% Vougioukli et al., « Financial Appraisal of Small Hydro-Power Considering the Cradle-
=——= to-Grave Environmental Cost: A Case from Greece», Energies, 10, 430, 2017



Some levelized cost of energy production

Solar PV—Rooftop Residential
Solar Pv—Rooftop C&I
Solar PV—Cormmunity
Solar PV—Crystalline Utility Scale
OGS Ll Solar PY—Thin Film Utility Scale®
Solar Thermal Tower with Storage
Fuel Cell

Geothermal

Gas Peaking
i4)

Nuclear

Conventional Coal®

Gas Combined Cyde

$0

Lazard’s latest annual Levelized Cost
s36 JJ] s« of Energy Analysis (LCOE 12.0)

4

$50 $100 $150 $200 $250 $300 $350
Levelized Cost (S/MWh)|



https://www.lazard.com/media/450784/lazards-levelized-cost-of-energy-version-120-vfinal.pdf
https://www.lazard.com/media/450784/lazards-levelized-cost-of-energy-version-120-vfinal.pdf

Towards design improvements

Should we oversize our storage solution in order to fulfil
the capacity near the end of the application lifetime ?

—

Should we oversize our
application to anticipate higher
consumption in the future?

Would our cost analysis be
more sensitive to the number
of replacements or the

round-trip efficiency?

Would we get a lower levelized cost with
Compressed Air Energy Storage system ?
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