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. . . . - . Background & Motivation
Sector Coupling in Residential Districts _
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How can the economic and environmental impacts of the design
optimization of sector-coupling energy systems be analyzed?
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Research Project: ODH@Bochum-Weitmar

Overview [1]
" Goals
 District of Weitmar in Bochum. « Development of sustainable energy solutions.
» 232 multi-family houses from 1950s and « Optimization of energy efficiency while maintaining rent neutrality.
1960s. « Development, evaluation and testing of integrated district solutions.

« Alignment of neighborhood concepts with the needs and user
behavior of residents.

Partners

. \Vonovia « Fh. IOSB-AST _
+ Fh.UMSICHT  + Fh.IOSB-INA Gl ez L —
e Fh FIT . Ampeers Energy Integrated District

Planning System

m Self-Learning Digital
* Ministry of Economic Affairs, Industry, Energy P LS| Marketplace

Climate Action and Energy of the State of Management (New Business
North Rhine-Westphalia System Models)

[1] “Bochum-Weitmar - Open District Hub,” [Online]. Available: https://opendistricthub.de/bochum-weitmar/. [Accessed: 01-Nov-2022].
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. Methodology
Model Overview | vemodoiogy

Specific Emission Electricity Feed-in Technical Weather
Units Costs Factors & Gas Prices Tariff Specifications Data

y ¥ ¥ ¥ ¥ ¥ o

storage capacity
Generation/Storage Power flows
Unit 2 Unit n State of charge
(storage)

U Operation Constraints

Energy conversion
Storage status
(charging or
discharging)

Generation/Storage
Unit 1

Generation/Storage

2"d Objective (as Constraint): Total Annual Emissions < Upper Limit

Single Objective Function: Minimization > Annualized Investment
+ Operation Costs

Design Constraints
Investment limits
Optimal Optimal Optimal Total Maximum roof area

Total Investment Power/Storage Power Flows Emissions (PV)
& Operation Costs Capacities

Optimization Model
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Multi-Objective Optimization
Epsilon-Constraint Method

No emission limit at
the 1st Pareto iteration

Create Solve

Apply constraint

Methodology

Emission-optimal
solution has been found End

Feasible Create

cost-minimization
problem

optimization

E < 00
model tot,1

Apply constraint

Etot,i < Etot,i-1 — X * Etot1

solution? Pareto front

yes 220
S 180
140
180 230 280 330
Emissions

Limit is decreased by x

£t - Total annual emissions at the ith Pareto iteration [ton CO,-Equiv./a]

x : percentage decrease from g,
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Methodology

Model Implementation

* Mixed-integer linear programming (MILP) problem: binary variables for

installation decisions.
Boiler

« Model was implemented using:

Python

pyomo (optimization package)
PV "

oemof (framework for modeling energy systems) [2]. o~

Storage

* Modular structure: units, sources and demands can be structured Battery

according to the desired energy system. Storage
U Source Q Sink El. Demand ] Heat Demand Heating
I:I Transformer O Storage
W Bidg. 2 Bldg. 2
O Bus El. Demandf Heat Demand

- Electricity - Heat
Bldg. 3 Bldg.3 Yl
0 Gas El. Demandf Heat Demand
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[1] “oemof Libraries,” [Online]. Available: https://oemof.org/libraries/. [Accessed: 01-Oct-2022].
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Energy Concepts under Analysis

Separate Sectors

Boiler

Heat
Storage

Bldg. 1 Bldg. 1

El. Demand} Heat Demand
N Bidg. 2 Bldg. 2

El. Demandj Heat Demand
Bldg. 3 Bldg. 3

El. Demand} Heat Demand
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. Case Study
Overview of Inputs

» 13 examplary buildings, clustered into 3 groups.
- Energy demands: generated profiles using the guideline VDI 4655 [3].

» Optimization horizon of one year, with hourly temporal resolution.

* Investment costs were given on an annual basis using the annuity factor.

» Emission factors (in g CO,-Equivalent/kWh) were considered for:
- Electricity mix from grid: 485 [4]
- Gas imports from grid: 228 [5]

Legend

. Commodity Prices: b *
- Time-varying electricity price (mean = 0.40 €kWh) [6] | —+.00mer &> storage El. Demand | Heat Demand [l Heating
- Constant gas price: 0.16 €/k\Wh [7
gasp 7] O ses W Bidg. 2 Bldg. 2
-Electricity - Heat El. Demandj Heat Demand
» Surcharges/Tariffs: B s
- PV: 0.071 €/kWh for exports [8] Bidg. 3 Y
El. Demandf Heat Demand

- CHP: 0.358 €/kWh for exports, 0.085 €/k\Wh for self-consumption [9]
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Optimization Results
Concept 1: Separate Sectors

260

N
D
o

N
N
o

200

180

160

140

Total Annual Costs [T€/a]

120

Slide 10

Cost-Emission Pareto Front
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—o—Separate

17.02.2023 © Fraunhofer UMSICHT

300
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Optimal Sizing of Generation Units

Emission reduction is
only possible by
reducing imported
(grid) electricity
through
increasing PV and
battery storage sizing.
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Optimization Results
Concept 2: Coupling by Co-Generation
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Optimal Sizing of Generation Units

Emissions
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CHP is economically
advantageous due to
current surcharges.
However, it leads to
high emissions from

gas imports!
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Optimization Results
Concept 3: Coupling by Electrification
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Case Study

Optimal Sizing of Generation Units

Electrification of
heating causes
remarkable mitigation
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Conclusion

» A multi-objective optimization model has been developed to design energy systems based on economic and environmental
goals

- Multi-objective optimization is powerful to identify cost- and emission-minimization potentials of energy systems.
» @Gas is currently playing a major role in producing emissions in the residential sector.
* PV contributes significantly to the reduction of emissions in all concepts.
» Under current CHP-laws (KWK-Gesetz), co-generation is cost-efficient but can cause more emissions.

« Utilizing heat pumps leads to the highest decrease in emissions. However, other technical aspects must be taken into
consideration.

» Further investigations of environmental impacts can be carried out by also including indirect emissions (scope 3).
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