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Port Integrated Energy System (PIES)
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Port Integrated Energy System (PIES)
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Methodology

• Deterministic approach

System size

Models:
- Energy consumers
- Batteries
- Grid
- Energy production

Model consists:
- Energy balance
- Cost functions

Optimization algorithm:
- Open Energy 

Modelling 
Framework 
(OEMOF) [1]

Time interval:
- One year (8760 hours)

KPIs - KEY 
PERFORMANCE 

INDICATORS

Energy price 
and

technology 
cost

Energy 
demand

Weather
data

INPUTS OUTPUTS

Capital and 
operational 
expenditure

(CAPEX and OPEX)

Levelized cost 
of electricity 

(LCOE)

K
P

Is

MODEL/OPTIMIZATION

CONSTRAINTS 



7

Methodology

• Stochastic approach

Energy price 
and

technology 
cost

Energy 
demand

Weather
data

INPUTS MODEL/OPTIMIZATION OUTPUTS

Operational 
expenditure

(OPEX)

Levelized cost 
of electricity 

(LCOE)

Models:
- Energy consumers
- Batteries
- Grid
- Energy production

Model consists:
- Energy balance
- Cost functions

Optimization algorithm:
- Linear 

Programming 
(linprog)

Time interval:
- One day (24 hours)

P
re

-p
ro

ce
ss

in
g 

d
at

a 
(2

4
-h

o
u

r 
li

n
es

 a
n

d
 p

ro
b

ab
il

it
ie

s)

P
o

st
-p

ro
ce

ss
in

g 
d

at
a 

(p
ro

b
ab

il
it

y
 x

 r
es

u
lt

)

CONSTRAINTS 

KPIs - KEY 
PERFORMANCE 

INDICATORS

K
P

Is



8

P
ri

ce
 [

€
/k

w
h

]

Hours [h]

Methodology

• Stochastic approach

– Pre-processing data, e.g., Market 1 electricity price
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€/MWh
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-20 1 % 8 % 2 % 0 %

69 4 % 28 % 18 % 3 %

158 2 % 14 % 13 % 3 %

247 1 % 2 % 1 % 1 %

Annual electricity price 24-hour electricity price pattern

Probability distribution

0.3

0.7

1.1

1.5

0 6 12 18 24

N
o

rm
al

iz
ed

 e
l. 

p
ri

ce

Hours [h]

price shape 1 price shape 2

price shape 3 price shape 4



9

Methodology

• Stochastic approach

– Post-processing data

• Weighting results according to the probability of each 24-hour data 

set

– Benefits of processing data

• Decouples energy demand from price fluctuations

• Allows for easy incorporation of future uncertainties
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Case studies ports
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Results

• Sizing of systems Market 1 Market 2 Grid only Grid+BESS Grid+BESS+PV Grid+BESS+PV+WT

Port A Yes No Case A1.1 Case A1.2 Case A1.3 Case A1.4

Port A No Yes - - - Case A2.4

Port B Yes No Case B1.1 Case B1.2 Case B1.3 Case B1.4

Port B No Yes - - - Case B2.4

Grid (drawn/feed-in) PV (east/west/south) WT

Port A 5/5 MW 0.6/0.6/1 MWp 4.5 MWp

Port B 25/5 MW 0.6/0.6/1 MWp 4.5 MWp

Optimal battery capacity size Optimal photovoltaic panel (PV) and wind 
turbine (WT) sizes are equal to maximum 

constraint size, listed in the table above

Overview of cases
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Results

• CAPEX
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Results

• Comparison of deterministic and stochastic OPEX 

Annual OPEX cost for port A and 
B exposed to electricity Market 1
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Results

• Levelized cost of energy (LCOE)
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Results

• Errata
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Conclusions

• The deterministic approach offers a precise foundation for sizing 

renewable energy components

• The stochastic approach provides a reasonably accurate

assessment of the economic viability of PIES

• The analysis indicates that a combined PV, WT, and BESS system 

offers the most cost-efficient solution for grid lock

• Increasing the capacity of renewable energy sources significantly 

diminishes the required capacity for BESS

• The BESS+PV+WT system solution is viable only if grid electricity is 

generated from carbon-intensive sources
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Ongoing work
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Ongoing work
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Thank you!
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