SE

Rceca

Energet

" BESS for Primary Frequency Regulation
in Support of Thermal Power Plants

Silvia Canevese, Antonio Gatti

by | Universita
U | Bocconi

i
GREEMN

12th December 2018
Bocconi University

nergy and M arks
I ASSOCIAZIONE M .
gs E E ITALIANA ECONOMIS l
DELL'ENERGIA itan

v AIEE.IT




Outlook

* Increasing need for ancillary services,
due to (Non-Programmable) Renewable Energy Sources (NP-RES) penetration
* Excessive stress for Conventional Power Plants (CPPs), also in service provision

N

Need to find new suppliers of ancillary services,
besides/in support of the conventional programmable power plants

\ 4

How can Battery Energy Storage Systems (BESS)
provide flexibility to the network and to conventional power plants?

Preliminary techno-economic analysis
about primary frequency regulation
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Overall model

/ Matlab-Simulink model \
reP;:JTaat?:" APreq reg,BESS rest?)?'gtion AP rest State of Charge
Frequency f y req reg,plan
Gcquisition 7| Plant+BESS (— Pl strategy Bess || %9 Ry
data pre- P-f droop dynamic -
processing) characteristic model | power exchange
K with the grid: /

IDBESS,grid’ IDplant,grid

open-loop analysis
(no effects on the grid)
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BESS model: assumptions

/ Matlab-Simulink model \
F . reP;:JTaat?:’: ﬁ:zreq I rest?)?'gtion Poc ofate of Charge
(aEZﬂliJSei:i?:] > plant+BESS i strategy BESS o) >
data pre- P-f droop + 1> dynamic 5
processing) characteristic model | power exchange
K with the grid: /

k Peess orid» Pplant,grid j

SoC(t) := E(t)/E,
1

* 0 <5SoC(t) < (ﬂchargePBESS,grid (), if Pypss gia (1) 20
i V — d
* 0sn<1: < E,—SoC(t) =1 Papss pria @) 0
. Tlcharge = T]battery T]inverter l dt nd' f ’ lf PBESS,grid (t) <
L ischarge

S T'ldischarge = Ninverter
No loss of charge

'Pn = PBESS,grid(t) 3 +Pn

Pyss grialt) depending on

5 APreq,reg(t)’
*  So(C(1),

* APSOC rest(t)
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SoC restoration

/ Matlab-Simulink model \
reP;:JTaatz" ﬁllzreq e BEss resti?'gtion APsc res Slite @ Crants
Frequency f . pl
Gcquisition 7| Plant+BESS [— PNl strategy Bess || %9 Ry
data pre- P-f droop dynamic -
processing) characteristic model | power exchange
K with the grid: j
Saturated SoC (full) Paess,gria» Pplant,grid

Inject/absorb «restoration» power
IF regulation requests = 0 AND

Target SoC SoC high/low with respect to SoC
target range:

*  [S0C ot mins SOCtgt max] = [0.4, 0.6]

= - 0
Pf est,charge — P rest,discharge — 20% P n

normal SoC =
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Overall model

/ Matlab-Simulink model \
Primar > SoC
o ulato):" APreq reg Bess ot aton APsoc rest State of Charge
Frequency f | | © g st APy eq reg,plant BESS (50C)
(acquisition +| ~ Ppa?td" strategy : , >
data pre- g eloop ynamic S
processing) characteristic model | power exchange
_ ,\& S~ with the grid: /
” . w
X AP [MW] 4 So T~ PBESS,grid’ Pplant,grid
” » p,orig
< (load conv.) » S o
g APmax= Pn - = r’
) t Case |BESS rated active | Plant droop | BESS equivalent
P_: BESS size Nr power: P_ O, .. droop
Dorin 'A,fdb 24 Momax n > 2% 0.03%
//'/ 0 Afgp Af:=f-f, [Hz] n 1.5% Pn,plant 5% 0.075% droop = Af/fO
/// fO =50 Hz n 8% 0'12% p - —AP/P
4 | 2% 0.06% n
AP =P B 3%P, 0 5% 0.15%
>4 e 6 | 8% 0.24%

,
4
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Assumptions for economic evaluations

Evaluation of regulation energy for primary rego: AEEGSI Deliberation 231-13:
« upward/downward primary regulation: request to generate more/less power

e in zone z, in each hour h

« annual correction of the Day-Ahead Market (DAM) price

1 Parameter (HP: 2015) | Value [€/MWh
Pprim,up (Z’ h) = PDAM (Z’ h) + 5 ( ksec,up — kDAM,up ) tsec,up 15119 .8832
1 o e V2 33.995
— - — sec,up” "\DAM,up .
Pprim,down (Z, h) PDAM (Z, h) 2 (kDAM ,down ksec,down ) kDAM,down 54.99
l ksec,down 13.58
around 53 €/MWh on average = (Kpam, down™Ksec,down)/ 2 -20.705

Evaluation of restoration energy:

» like imbalances of non eligible units (281/2012/R/EFR and Deliberation n. 111/06),

« starting from Ancillary Service Market (ASM) upward and downward average prices and
from the sign of the zonal aggregated imbalances (this is published by Terna)
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Battery aging due to cycling

One-shot life estimation:

» empirical method based on life-cycle curves n
i.e. maximum number of cycles to end of life, B
versus the cycles Depth of Discharge (DoD): 3
‘SOC time profile along T years Zg

mmmm) DoD time profile

max

mmm) expected max number of cycles 8
(weighted average wrt DoD): R s
N | e R R B e
B Zi:l My DOD, e e A S KRR
maxexp "~ N 90 01 02 03 04 05 06 07 08 09 1
_, DoD, DoD []

mmm) average DoD corresponding to Nmaxexp ON the curve: DoD,,,
—> N, cycles done along T at DoD,,, := discharged energy / (E,-DoD
mmm) useful life:=n,., .,./(N,,/T) years
* “standard” method assuming constant DoD, usually 1 or 0.8 (100% or 80%)
* number of cycles done in T years := discharged energy / nominal energy E,

« useful life = max number of cycles / (number of cycles done / T)
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Case studies

BESS techno-economic parameters:

Nominal energy to . ~ Max number | Max number Battery Power
Technology | nominal power round-trip of cycles at of cycles at | investment cost | electronics cost
r]charge 'ndischarge

/P, 100% DoD | 80% DoD €/kWh €/kW
L | 1h 0.855 3000 4000 600 300

NaNiCl 3h 0.801 3000 4500 583 300
| Nas | 6.67 h 0.772 4000 4500 400 300

Data for simulation analyses:
» reference time interval: 29 weeks in 2015 (1%t June — 20t December)
 frequency data: every 0.1 s (from a low-voltage acquisition point at RSE)

* coal-fired plant, with P, ... = 660 MW: hourly generation data (ENTSO-E Transparency Platform)
e DAM and ASM prices for Northern ltaly (from GME website)
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Indicators

BESS response is analyzed in terms of

* energy exchanged
e absorption, injection
* regulation, SoC restoration

11
e average power exchanged
+  absorption, injection Actual BESS exchanges do not always

* regulation, SoC restoration meet regulation requests,
* fractions of time in which power is due to limited SoC, limited power, n < 1

* injected, absorbed, not exchanged
* for regulation, SoC restoration

* net annual revenue from the regulation service and from SoC restoration
* Pay-Back Period (PBP): BESS investment cost / net annual revenue
* BESS cycling life
* to be compared to the PBP
» Plant support also considered when the BESS is not able to fulfill service requests
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: energy exchanges

imulation results
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Case 5

Case 2

3% Pn,plant
5% plant droop

P=

[ 1 Absorption for SoC restoration

I Downward request to the plant

I Absorption request

I Absorption support by the plant
I \issing absorption for regulation left

[ Absorption for regulation

5% plant droop

[ IMissing absorption for regulation

Ricerca sul Sistema Energetico - RSE S.p.A.




: energy exchanges

imulation results

S

Case Nr | BESS rated power: P_[Plant droop: 6, ..

2%
5%
8%
2%
5%
8%

-
f= -
c €
a ol
€ <

[ Pn
°

X

n x

- o

Extrapolation to 1 year

Extrapolation to 1 year

TT T T

L D A

N R I
Fr+—d——F+A——F+4-1—+

[ e T R A I I B A
FTT - rrTaA - rT1717 0T
R

N
Fra———r+d—1—++4-1—+ ]

[

T
- _________________________

I
N

[ R R B
i i et et e e et el s s B
I”\\”\”\”\”\\,\,L\,\F\,\“
—— —_—

|
| __ __
D S I

L g
ey

[ T T O A A Y B B ) |
FrTio-crcra-i—cra-i—cl |

T S — —

- . —]
| __ _

[ e O B A I I B A
it B e el ol i Bt el s i Bl el il
A S N

R
|

L
-
|

Tl
T Iy H

[ R R B IR I
e B el e e e R e e e B e ——|

I R R R I R R e
i R et el ot N—
= =

| — —
| __ _
R R R B R R R S

I
R R S U B N

[ N R N B
Frtd-mrt -+

[

[T
L I—— — —

[ e O B A I I B A
Fr+—d——F+A——F+4-I—+

RN
[TT O T T 107 0T

I N A N Lo
o o o
o o o
Yo} o o
— h

E:n: abueyoxs ABisug

NaS-Y

3% Pn,plant
5% plant droop

NaNiCI2-N NaNiCI2-Y NaS-N

Li-Y

Li-N

Case 5

Case 2

P.=

[ Injection for SoC restoration

I Upward request to the plant

I njection request

I injection support by the plant
I \issing injection for regulation left

[ Injection for regulation

5% plant droop

[ IMissing injection for regulation
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energy exchanges

imulation results
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Extrapolation to 1 year
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NORD

NORD

payback period (PBP) versus cycling life

Results
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payback period (PBP) versus cycling life

Results
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Conclusions

“Ex-post” evaluation of possible BESS support to a thermal power plant for primary
frequency regulation supply in Italy
— Results in terms of investment PBP versus battery life
* using only the BESS for the regulation, with no plant support, may not be profitable,
due to the BESS limited energy capacity (Li) or due to its high investment costs (NaS)
— There is room for improvements...
... of the BESS sizing and real-time management
... of battery life consumption estimation
« & both: include aging model in BESS sizing/real-time management optimization
... use the reserve made free for other services, or sell it on the day ahead market

» exploit synergies among services and market price differences
> cmp Regulatory Authority Decision n. 300/2017/R/eel
e but consider additional O&M costs for the plant

... BESS fast response + slower plant response, e.g. to increase the plant ramp rate
e suitable remuneration of fast response?
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