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MOTIVATION

= Goals:

1) High RES system

2) Low CO2 emissions

3) Low CEEP (high CF)

4) Low annual cost to current system
5) Limited biomass use

" These requirements often not aligned

= Example: Focus on increasing the share of renewables while
CF decreases

= Planning can involve optimization of use of various
technologies, which is required in each step towards higher
share of RES
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How to increase the share of RES?

= RES generating capacity:

= Addition of wind, PV and run of river capacity, biomass share Iin
the fuel mix of thermal power plants, solar district heating

= Flexibility options:

» V2G, P2H, Power plant flexibility, demand flexibility,
Interconnections, etc.
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Method - EnergyPLAN

- Energy system simulation and
analysis software

- Required data: installed
capacities, demand and
distribution curves.

- Deterministic software —
measurable influence of each

variable variations on output EnergyPLAN, Aalborg University,
values Powered by https://www.energyplan.eu/
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| Method | o
= Necessity to run large number of simulations with slight

variations in a short time span — automation

NECESSITY FOR
AUTOMATION

DATA
PROCESSING
SOFTWARE

PYTHON

EPLANopt
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Method - EPLANopt
Python and EnergyPLAN (i
Integration software

Based on DEAP genetic
algorithm

Create set of inputs
Set optimization targets for

each of the variables EPLANopt, EURAC,
(maximize or minimize) https://gitlab.inf.unibz.itt URS/EPLANopt
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Method — flow chart LIVITATIONS (oW

and high value)

ACQUIRE ENERGY
SYSTEM DATA AND

CAPACITIES CREATE BASE
CASE SCENARIOS

IN EnergyPLAN OPTIMIZATION OB TIMIZATION
SOFTWARE S RCETS
EPLANopt
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INVESTMENT
COSTS CREATE NEW
ITERATION OF
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Case study

= Case of Bulgarian energy system model

= Proof of concept

= Available data for detail energy model in EnergyPLAN
= 2030 NECP
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Considered technologies

= Electricity generating technologies
® |ndustry electrification

" Heat generating technologies

= Flexibility options
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Modeling other variables
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Industry and Other Fuel Consumption Electricity Demand and Fixed Import/Export
Electricity demand: 25.542 Twhiyear | Change distibution | Daris_Electricity_Load He
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How to determine applicable technology at each RES
segment?
= All results in the range from

—_

2

[a—

o0

20 to 80 % RES .
" Area divided to 24 segments * ||| ||||||||| | ||||||
at 2,5 % range
= Average value for each 0 EAERERERERE S A A
technology for all segments
" Plot charts
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System Iimitations - EPLANopt

Wind capacity

PV capacity

River capacity

P2H generating capacity

P2H storage capacity

Thermal power plant minimum operating power
Coal in CHP

Natural gas in CHP

Biomass in CHP

Coal in PP

Natural gas in PP

Biomass in PP

Import/export capacity

Industrial excess heat in DH
Solar energy in DH

Solar energy in individual heating
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Total Annual Cost [M€]
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Results

Total Annual Cost
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Biomass Consumption CEEP
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Limit biomass consumption <40 TWh  Consider cases with CEEP <5 %
7445 out of 8191 cases 8191 out of 24000 cases (34%)

Powered by N \\

(
(‘ “eNergy sawas sEEnergies 02(‘ /nnovation Fund Denmark

AALBORG UNIVERSITY
DENMARK

L1

Aalborg

INVEST m]d.t D‘w»«‘“- (&' GRONENERGI kclmsl:rup LogsTerR Orsted /l-' Forsyning

regionmidtjylland Vi investerer i din fremtid



20000
18000
16000
14000
—12000
'2 10000
8000

ity [MW]

Wind capac

o)
o
(=]
)

4000
2000

6t International Conference on Smart Energy Systems

6-7 October 2020
#SESAAU2020

Power generating technologies
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Run of the River Capacity
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Thermal power plant fuel mix

CHP Fuel Mix
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Industry electrification

Industry electrification
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Heat generation

Waste Heat Utilization Solar DH Solar Heat in Households
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Flexibility options

Thermal power plant minimum operating power
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P2H Capacity P2H Storage Capacity
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- Better at lower RES shares
- Competition with industrial excess heat and solar DH
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Conclusions

Significant reduction in Total annual cost with application of optimization
Reduction of CO2 emissions
Minimization of CEEP
Best results — V2G and PPmin for the whole RES range
Industry electrification and demand flexibility effective at high RES share
Further work:

- implement linking of dependent variables

- more detall analysis at higher RES shares

- include other features (synthetic fuels, hydrogen)
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