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Battery Degradation

Incorporating cycle and calendar aging for a more accurate 
estimation of the BESS size.

➢Cycle and calendar aging

Planning

▪ Marwell Zoo is a possible site for the first demonstration of this
project
▪ The planning stage of the program is formulated as a mixed

integer linear programming (MILP) problem
▪The objective function is based on minimizing the CAPEX and

OPEX of the system
▪The main constraints of the system are composed of the system

load balance and reliability limitation
▪The planning problem is solved in the PYOMO environment using

the GUROBI solver.

➢Main structure of the planning optimization problem

➢Considering reliability indices in planning problem

Conclusions

✓Cost reduces as expected energy not supplied (EENS)
increases: £170,561 for an EENS of 1%, this cost decreases to
£107,747 for accepting an EENS of 10%.

✓Increasing the power ratings of wind and PV, the BESS will be
less active which results in lower capacity fade.

✓Two energy management schemes are studied. While the
rule based scheme leads to a 461 kWh unmet load, the load
curtailment for the predictive optimizer is 382 kWh. The
improved performance of the predictive optimizer is due to
using a rolling horizon.

Next Steps

▪Developing forecasting models for wind
power generation and PV power
generation.

▪Developing a system for estimating the
charging power for each EV station
according to various parameters

▪Model based estimation the battery SOC
SOC.
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Energy Management System
▪Rule based energy management: This approach is based on

maintaining the load balance according to converter and BESS
constraints
▪Predictive optimizer: This method solves an optimization

problem for a rolling horizon
▪The outputs of the EMS specify the charge/discharge profile of

the BESS in addition to the amount of load that is managed.

➢ Predictive optimizer for EMS

O
b

je
ct

iv
e 

Fu
n

ct
io

n Wind CAPEX & OPEX 

PV CAPEX & OPEX 

BESS CAPEX & OPEX 

Unserved Load Cost

D
ec

is
io

n
 V

ar
ia

b
le

s Wind capacity

PV capacity

BESS capacity

BESS charge/discharge 
profile

C
o

n
st

ra
in

ts

Energy Load Balance

BESS Energy Balance

BESS Charge/Discharge 
Power

BESS Stored Energy

Reliability constraints

106000

116000

126000

136000

146000

156000

166000

176000

1 2 3 4 5 6 7 8 9 10

C
o

st
 (

£
)

Maximum EENS(%)

Planning Cost (£)

32
34
36
38
40
42
44
46
48

1 2 3 4 5 6 7 8 9 10

Po
w

er
 (

kW
)

Maximum EENS(%)

PV Size (kW)

4.4

4.9

5.4

5.9

6.4

6.9

7.4

7.9

8.4

1 2 3 4 5 6 7 8 9 10

Po
w

er
 (

kW
)

Maximum EENS(%)

Wind Size (kW)

130

150

170

190

210

230

250

270

1 2 3 4 5 6 7 8 9 10

En
er

gy
 (

kW
h

)

Reliability Level (%)

BESS Size (kWh)

𝑃𝑐ℎ(𝑡 + 𝑘), 𝑃𝑑𝑖𝑠(𝑡 + 𝑘), 𝐿𝑆(𝑡 + 𝑘)

෠𝑃𝑃𝑉 (𝑡 + 𝑘), ෠𝑃𝑊𝑖𝑛𝑑(𝑡 + 𝑘), ෠𝑃𝐸𝑉(𝑡 + 𝑘)

𝑃𝑃𝑉(𝑡), 𝑃𝑊𝑖𝑛𝑑(𝑡), 𝑃𝐸𝑉(𝑡)

Plant

Optimizer

Forecaster

𝑆𝑂𝐶(𝑡)
𝑡0 𝑡0 + 𝑇

Rolling Horizon

𝑡0 + Δ𝑡 𝑡0 + 𝑇 + Δ𝑡

𝑡0 + 2Δ𝑡 𝑡0 + 𝑇 + 2Δ𝑡

0

10

20

30

40

75 76 77 78 79 80 81 82 83 84 85

En
er

gy
 (

kW
h

)

Number of Time Interval

RES EV Ech Edis

-20

-10

0

10

20

30

40

1316 1317 1318 1319 1320 1321 1322 1323 1324 1325 1326 1327 1328

En
er

gy
 (

kW
h

)

Number of Time Intervals

RES EV Ech Edis LS

130

135

140

145

150

155

160

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

C
ap

ac
it

y 
(k

W
h

)

Year
EENS<1%

Residual Capacity Faded Capacity

0.00E+00

5.00E-05

1.00E-04

1.50E-04

2.00E-04

2.50E-04

3.00E-04

0 0.2 0.4 0.6 0.8 1

C
y
c
D
e
g
/
C
y
c
l
e

DOD

LFP LMO NMC LTO


	Slide 1: FEVER Planning and Operation

