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Motivation
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Workflow of energy system design
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Based on Open Energy MOdelling Framework (oemof)

= Ongoing development to model more complex systems
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Developed by Reiner Lemoine Institute, originally for electricity sector
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Design and optimization tool (1 [
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sources buses transformer buses
13
= Each component represented by a ,node nat. gas , CHP — .
 biogas
= Sources, buses, transformers, ¢ g <
storages and sinks ~ biomass >  boiler ————
= Balance equations for each ,node“ and ~ pellets
timestep - surface
- f ( 1
= Hourly data (demands, potentials) | waste Water‘ > heatpump - =
air \ e
= Model parameters e.qg.: " photovoltaic | <= N
specific emissions of fuels \ SN
specific investment cost h5°'ar | .
variable feed-in revenues wtheino| . - power to heat
variable funding parameters massflow
th. energy storage
el. energy thermal electric

grid grid
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Current sub-urban energy system
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No heat supply network,
heterogeneous building stock

Supply by individual units
mainly using natural gas
(@pprox. 215 g¢o,/kWhy,)

Mean LCOE approx. 11.5 ct/kWh,,

High renewable potential in model area

(availability of biomass will increase in future)

How to design a better or the optimal energy system?

heat demand
model area

wooden biomass

straw pellets

solar thermal

surface geothermal
collectors

surface geothermal
probes

waste water heat
recovery

photovoltaics
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Current sub-urban energy system “« T
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potential in sources buses transformer buses
MWh/a ‘\
= Available technologies: - nat.gas > CHP —
- CHP (NG, BG) ~ biogas
- boiler (NG, BG, BM) 5000  biomass > boiler —
' '—straw /
- heat-pumps (air, GT, 19000 \ pellets
waste-water) 18000 | sug_?_ce
- power—to_heat 2000 ‘ waste water > heat pump -~
————————— 4 I
- photovoltaics | air e
- solar thermal 7500  photovoltaic < S
16000 ‘ solar >
= Own power consumption, It euial - power to heat
funding, grid feed-in, massflow
emission goals th. energy storage = <——
el. energy thermal electric

grid grid
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Case definition and main results « FYR..
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Case 1: Case 2: Case 3:
* no additional constraints = fulfill federal funding * high emission reduction
] o requirements o
= only economic optimization * max. annual emission approx.
» desired share of renewables 770 t/a

approx. 90%
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Case definition and main results « FY
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Case 1 - economic optimization: Case 2 - federal funding: Case 3 - high emission reduction:
» approx. 160 gcp,/kWhy, » approx. 75 gco./kWhy, » approx. 40 gco,/kWhy,

» 27% reduction » 65% reduction » 83% reduction

» LCOE approx. 8.6 ct/kWhy, » LCOE approx. 8.6 ct/kWhy, » LCOE approx. 9.5 ct/kWhy,

(depending on federal funding
program ,Heat supply networks

4.09)
Case 1: I boiler-BM
economic B CHP-NG
optimization 31 1.3 = boiler-NG
Case 2: L HP—w.aste water
network 4.0 BN HP-surface GT
I Power-to-heat
Case 3: photovoltaic
reduction heat producticn

| I 1 T 1 1
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Summary and outlook ‘ TR
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Tool to design and optimize smart energy systems (variable requirements)
= Applicable on other (sub-urban) regions

» Easy to handle and scalable

» Further development and automization of optimization tool
» Application for planning and optimizing new and existing systems

» |dentification of parameters for future approximate/estimate design
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Appendix - results
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= share of heat production for
economic optimization without
additional requirements

= approx. 160 g,/ kWhy,
= 27% reduction
» LCOE approx. 8.6 ct/kWh,,

= high share of fossil heat, low
emission reduction

boiler-NG
58.7%; 8039 kW
12125.8 MWh

HP-waste water
12.9%; 322 kW
2669.4 MWh

AN

58.7%
(12126 MWh)

total emission
3245.6 t/a

CHP-NG (3.11%)
boiler-NG (58.75%)
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3.1%

23.9%
(4930 MWh)

\

CHP-NG
3.1%; 134 kW
" |642.5 MWh

boiler-BM
S123.9%; 845 kW
4930.0 MWh

HP-air
1.3%; 62 kW

heat production: Qs 20640.9 MWh/a

Bm HP-waste water (12.93%)

. HP-air (1.32%)

boiler-BM (23.88%)
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Appendix - results
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= share of heat production for
economic optimization to fulfill
federal funding requirements

= approx. 75 gcor/kWhy,
= 65% reduction

» LCOE approx. 8.6 ct/kWh,,
(depending on federal funding

program ,Heat supply networks
4.0%)

= high producer diversity, low
share of fossil heat
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HP-surface GT

HP-air

3168.9 MWh

total emission
1535.1 t/a

CHP-NG (9.62%)

boiler-NG (0.38%)
I HP-waste water (11.48%)

17.8%; 578 kW
3763.4 MWh \

15.0%; 1212 kW [—

m HP-air (14.98%)

45.0%
(9519 MWh)

\

HP-waste water
11.5%; 324 kW
2429.2 MWh

boiler-NG
0.4%; 2822 kw

CHP-NG
9.6%; 559 kW
2035.7 MWh

Power-to-heat
0.7%; 392 kW

boiler-BM
45.0%; 2261 kw
9519.4 MWh

heat production: Q;, 21154.2 MWh/a
mm HP-surface GT (17.79%)

boiler-BM (45.00%)

HEm Power-to-heat (0.75%)
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Appendix - results (O Ja
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= share of heat production for
economic optimization to fulfill

HP-air
6.5%; 429 kW
1357.4 MWh

high emission reduction
requirements

boiler-NG
4.3%; 3786 kW
888.1 MWh

= approx. 40 gco,/kWhy,

= 83% reduction 89.1%
(18482 MWh)
boiler-BM
89.1%; 4268 kW
= LCOE approx. 9.5 ct/kWh,, ‘oaszsmwn|
] ) . . total emission
= highest emission reduction, 771.0 t/a . ) .
eat production: Q;, 20732.3 MWh/a
st_rong dependency on WOOden mmE HP-air (6.55%) boiIer-I\IhG (4.28%) boiler-BM (89.15%)
biomass
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