B »} Hochschule fiir
I ze SQGmbH i Wirtschaft und Recht Berlin
Institut fir ZukunftsEnergie- Berlin School of Economics and Law

und Stoffstromsysteme

Mo 2SS (@nable  sofites Uniesit @

sssssssssssssssssssssssss ENEAGY SOLUTIONS P Traditio et Innovatio

Enerstock Online Conference 2023

Sustainability Assessment for municipal heat
transformation concepts

Prof. Dr. Katharina Gapp-Schmeling

Supported by:

% Federal Ministry
for Economic Affairs
and Climate Action

on the basis of a decision
by the German Bundestag

Grafik: WERNERWERKE GbR, Berlin.

Forderkennzeichen: 03EN3007

...die Warmewende im Quartier gestalten



Agenda Kowa

...die Warmewende im Quartier gestalten

February, 15th 2023 KoWa — sustainability assessment 2



RKowa

...die Warmewende im Quartier gestalten

Ea
i

A
1N
7 ~

Project KoWa

Municipal heat transition
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KoWa: Goals, methodology and partners |
G Cluster

- Participants and challenges in typical municipal situations
- Analysis and development: :
high-integrated, municipal, local heat supply systems

- Evaluation: technological, economic, legal and social
requirements

- Transferable project development and implementation
guides
(Basis: local concepts)

Practice and science:

- Energy technology and economy ‘
- Technical planning and implementation
- Public and private energy law

- social science and sustainability

February, 15th 2023 KoWa — sustainability assessment 4



KoWa: Clusters and research areas

Industry cluster

e Use of industrial waste

heat
JICN Urban
EE b EE e urban building und
iR NG infrastructur
~_ X

e small-town building structure
and existing heating network

/\\ Existing infrastructur
ﬂh
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Sustainability assessment of the
developed concepts

Methodological foundations

Results for fictitious concepts



|deal-typical heat supply solutions for KoWa-Stadt
(fictitious example)

Compact Gas condensing, single firing

- Gas condensing value (individual firing), in small apartment buildings, state of the art: 1 boiler
- GEMIS-Process: Gas-Heizung-Brennwert-DE-2020 (gas-heating-condensing-DE-2020)

Gas operating heating grid

Grid set up in already sealed settlement area
Redundant design with 2nd boiler
GEMIS-Process: Netz\Nahwarme-Gas-BHKW-DE-2015/en (grid\local-heat-mix-gas-ICE-DE-2015/en)

Grid with 70% Solar thermal plus 30% natural Gas
ST systems on large roof areas, pit store
GEMIS-Process: Netz\Warme-de-KoWa-70ST-30Gas

100% Pellets

- 100% Pellets from residues

- For small apartment building, state of the art: 1 boiler
- GEMIS-Process: Holz-Pellet-Holzwirtsch.-Heizung-10 kW-DE-2020 (Endenergie) (wood-pellet-wood-industry-heating-10 kW-DE-2020 (end energy)

Future grid

- 25% ST + 60% alternative heat source/ waste heat+ 15% Pellets/ Biomass (peak load)
- Electricity: 50% local PV,

- Grid set up in already sealed settlement area
- GEMIS Prozess: 'Netz\Warme-de-KoWa-Zukunft




Target System of a sustainable economy

Ecological

Economic

social

Limit global warming to 1,5°C

Decent work: secure jobs, no
vulnerable employment

Good governance

Nature compatibility

Satisfaction of basic needs: with
sustainable products

Social security, no poverty,
controllable demography

Sustainable use of renewable
resources

Price stabilities, stabilizing
financial flows, low
concentration, high efficiency

Equal opportunities,
distributive justice

Sustainable use of non-
renewable resources

Foreign trade balance, high
level of self-suffiency, reduction
of dependencies

Conflict avoidance

Healthy life conditions

State budget,

No unacceptable risks

Rogall et al. 2021; Rogall et al. 2018; Rogall et al. 2016; Rogall 2014: 27; Rogall et al.

2014; 2013b; Rogall und Gapp 2016.
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Procedure Kowa
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Derivation of quality goals of the heat transition
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Goals and indicators
ecological dimension

Challenge

Goal

Target indicator

Global warming

material requirement

Overuse of renewable resources

Endangering human health

Destruction of eco-systems,
biodiversity/lands. diversity

Ecological Dimension

Limit global warming

Less primary raw materials

Sustainable use of renewable
resources

Healthy life conditions

Nature compatability

GHG-Emissions in kgco,../ MWh
Cumulated material requirement in

kg/MWh

Impact on regeneration rate
compliance

Pollutant emissions in kgso,..,/MWh

Impact on nature compatibility

Gapp-Schmeling, K. et al (2021)



Goals and indicators
economic dimension

Challenge

Goal

Target indicator

Negative developments on the job
market

Lack of sustainable products to
satisfy basic needs

Instability of monetary value and on

fin. markets
(depreciation), external costs

External economic imbalances,
underdevelopment

Overindebtedness,
lack of provision of merit goods

Economic Dimension

Decent work: secure jobs, no
vulnerable employment

Uninterrupted security of supply/
system stability

Low heat generation costs

Low foreign trade dependency

Financial ability to act

Contribution to regional added
value

redundancy

heat generation costs (€/MWh)

Import rate of energy sources and
fuels

Financial predictability

Gapp-Schmeling, K. et al (2021)



Goals and indicators

social dimension

Challenge

Goal

Target indicator

Undesirable developments in
business, politics

Uncertainty of long term energy
supply

Centralization of supply structures

Violent conflicts

Technological risks
(z.B. nuclear, Fracking)

Social Dimension

Good Governance

Long term energy supply

Appropriate decentralization and
participation

Conflict avoidance

Avoidance of risky technologies

Expected local acceptance

Range of resources deployed
(constant consumption)

Complexity of decision-making
structures

Conflict potential of the resources
used

risk assessment

Gapp-Schmeling, K. et al (2021)



Sustainability assessment of the developed concepts

ecological

economic

social

1 GHG-Emissions in kgCO 2eq/ MWh ﬂ_::..‘u

2 Cumulated material requirement in kg/MWh
3 Impact on regeneration rate compliance
4 Pollutant emissions in kg502eq/MWh

5 Impact on nature compatibility

7 redundancy

8 heat generation costs (€/MWh)

9 Import rate of energy sources and fuels i___ -

10 Financial predictability

11 Expected local acceptance

12 Range of resources deployed (constant consumption)
13 Complexity of decision-making structures

14 Conflict potential of the resources used |_ _

15 risk assessment

1
1 = positiv. 5 = negativ > 4,5 4 3,5 3 2,5 2 1,5 1
-+« 70% Solar thermal system + 30% Gas = &= 100% Pellets — @ - Gas operating heating grid Future grid
February, 15th 2023 KoWa — sustainability assessment 14



Assessment of GHG

Challenge

Goal
Ecological Dimension

RKowa

...die Warmewende im Quartier gestalten

Target indicator

Global warming

Limit global warming

GHG-Emissions in kgco,../ MWh

Meaning: The specific CO,,,

greater or equal

-Emissions of the supply option are

(but) smaller than

Gradel1l /A
Grade2 /B
Grade3/C

Grade4 /D

Grade5/F

February, 15th 2023

KoWa — sustainability assessment

- 20 kg CO,eq/ MWh

2 kg CO,eq/m?

20 kg CO,eq/ MWh 30 kg CO,eq/ MWh

2,0 kg CO,eq/m? 3,9 kg CO,eq/m?

30 kg CO,eq/ MWh 100 kg CO,eq/ MWh

3,9 kg CO,eq/m? 16 kg CO,eq/m?

100 kg CO,eq/ MWh 220 kg CO,eq/ MWh

16 kg CO,eq/m? 44 kg CO,eq/m?

220 kg CO,eq/ MWh -
44 kg CO,eq/m?

15

Gapp-Schmeling, K. et al (2021)



Spotlight 1:

GHG-Emissions in kg CO

e/ MWh

RKowa

...die Warmewende im Quartier gestalten

Ecological Dimension

No. 1

Challenge Climate Change

Goal Climate Protection

Indicator GHG-Emissions/MWh

Compact Gas condensing, single firing: 232 kg / MWh Rating -

Gas operating heating grid: 204 kg / MWh Rating -

70% Solarthermie + 30% Gas+Grid : 71 kg / MWh Rating - 3

100% Pellets: 19 kg / MWh Rating -

Future Grid (current electricity mix): 158 kg / MWh Rating - 4

February, 15th 2023

KoWa — sustainability assessment
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Assessment of Redundancy

Rating Description
Stufe 1 very high level of resilience,

Failure of of more than three can be compensated.
Stufe 2 high level of resilience

the failure heat sources can be compensated by another, possibly by emergency units.
Stufe 3 The short-term security of supply is formally given.

the failure of one of two heat sources can be compensated.
Stufe 4 The short-term security of supply is not completely given.

If a heat source fails, the supply can only be partially guaranteed, possibly with noticeable restrictions.
Stufe 5 Uninterrupted supply cannot be guaranteed.

February, 15th 2023

KoWa — sustainability assessment

17

Gapp-Schmeling, K. et al (2021)



Spotlight 2: |
Uninterrupted security of supply/ system stability

Economic Dimension

No. 7

Challenge Lack of sustainable products to satisfy basic needs

Goal Uninterrupted security of supply/ system stability

Indicator Redundancy

Compact Gas condensing, single firing: Rating -
1 Boiler

Gas operating heating grid: Rating - 3
2nd Boiler

70% Solarthermie + 30% Gas+Grid : Rating - 3

For 70% ST large pit store.

100% Pellets: Rating -

1 Boiler

Future Grid (current electricity mix): Rating - 2

Three sources

February, 15th 2023 KoWa — sustainability assessment 18



SpOtlight 3: deWérmeWendelmQuEﬂstaten
Conflict potential of the resources used
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Schlaglicht 3:
Conflict potential of the resources used

J

Social Dimension

No. 14

Challenge Violent conflicts

Goal Conflict avoidance

Indicator Conflict potential of the resources used

Compact Gas condensing, single firing:

3LK=0,92; WCR= 34

Gas Warmenetz:

3LK=0,92; WCR =34

70% Solarthermie + 30% Gas+Grid :

30% Gas 3LK=0,27 & WCR = 10,21

100% Pellets:
100% from GER, no WCR

Future Grid (current electricity mix):

Small portions of imports in electricity mix

LLLL

February, 15th 2023 KoWa — sustainability assessment
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Grafik: WERNERWERKE GbR, Berlin.

Study areas and concepfs

Short description of some concepts including energy storages

February, 15th 2023 KoWa — sustainability assessment 21



Industry Cluster Kowa
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Local Partners

* Georgsmarienhltte mbH

e WIEMANN GmbH & Co KG

* DMK Deutsches Milchkontor GmbH

22.09.2022 KoWa - Saarlandischer Energiekongress 2022



Heating concepts in the Industry cluster: Kowa
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process heat for Deutsches Milchkontor GmbH

Potential heat sources Heating Grid Heat sink

Process Heat

Waste heat from HT Heat
residual wood Rl Storage
Biomass heating |
plant

22.09.2022 KoWa - Saarlandischer Energiekongress 2022

A Natural Gas Boiler




Sustainability assessment of the developed concepts

ecological

economic

socio-cultural

1 GHG-Emissions in kgCO 2eq/ MWh

2 Cumulated material requirement in kg/MWh
3 Impact on regeneration rate compliance

4 Pollutant emissions in kg502eq/MWh

5 Impact on nature compatibility

6 Contribution to regional added value

7 redundancy

8 heat generation costs (€/MWh)

9 Import rate of energy sources and fuels

10 Financial predictability

11 Expected local acceptance

12 Range of resources deployed (constant consumption)
13 Complexity of decision-making structures
14 Conflict potential of the resources used

15 risk assessment

- & - Reference

February, 15th 2023
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Heating concepts in Berlin’s Q1 Kowa
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Local Partners

e HOWOGE

* Berliner Senatsverwaltung
* Klimaschutzbeauftragte des Bezirks

22.09.2022 KoWa - Saarlandischer Energiekongress 2022



Concept 1

Solar thermal system with large seasonal underground storage tank

Heizzentrale:

Grundflache: 15 m?
Marg

RKowa
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140.000
o
Erdbecken-Warmespeicher: @ 120.000
8 Tiefe:7m E 100.000
le Obere MaRe: 30,5 x 30,5 m g = :
| _ Volumen: 3600 m* = g 80.000
3 % 60.000
y L=
[T 40.000
| [«4}
2 3 20.000
=]
& 0
Jan Feb Mrz  Apr Mai  Jun Jul Aug  Sep Okt  Nov  Dez
Unterirdischer Behalter-
Warmespeicher:
Solarthermie e Erdgas 0 ===-- 2022 2040

Phase1/2

+ Solar Thermal Systems (1.300 m? GCA)

+ seasonal underground storage tank (3.600 m?3)
+ Central gas boiler 560 kW

+ Renewables: 54% / 67%

GReEEFF Impuls am 15.02.2023 "KoWa"
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Quelle: Erfahrungsbericht Berlin Q1



concept?

Smaller solar thermal system + boiler

RKowa
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Heizzentrale:
Grundfliche: 20 m?

Pelletlager:

3 ) Pufferspeicher:
j| Hohe: 9,3 m

@l Durchmesser: 3,7 m

& Volumen pro Speicher: 100 m?

Grundflache: 15 m? (6 Ueferungen/a)

140.000
E 120.000
£
0 100.000
= g
t & 80000
i % 60.000
%E 40.000
E 20.000
S 0

Solarthermie [0 Holzpellets W Erdgas ====- 2022 2040
Phase 1 Phase 2
+ Solar thermal system (400 m?)  + Solar thermal systems (400 m?)
+ Energy storage (200 m3) + Energy storage (200 m°)
+ Gas boiler 560 kW + Gas boiler 560 kW
+ Renewables: 19% + Wood pellet boiler
+ Renewables 68%

GReEEFF Impuls am 15.02.2023 "KoWa"
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Concept 3

WP 125 kW therm.
@ AT 55°C > @ COP: 3
APF / COP: 3,25

av s

Endstiick Warmetauscher Doppelmantelrohrwdrmetauscher

Heat from waste water with ST support and gas peak load boiler

RKowa
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Endenergiebedarf Warme in

kWh/Monat

Mrz  Apr  Mai  Jun Jul

Aug Sep

Solarthermie  mwwmm Abwasser — wewm Erdgas

-===2022

Phase1/2

+ Solar Thermal System (400 m?)
+ Energy Storage (200 m3)

+ Waste Water Heat pump

+ Boiler 560 kW

+ Renewables: 81% / 82%

GReEEFF Impuls am 15.02.2023 "KoWa"
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Sustainability assessment of the developed concepts TOVIER

...die Warmewende im Quartier gestalten

1 GHG-Emissions in kgCO 2eq/ MWh

2 Cumulated material requirement in kg/MWh

©
§° 3 Impact on regeneration rate compliance
§ 4 Pollutant emissions in kg502eq/MWh
5 Impact on nature compatibility
6 Contribution to regional added value
K) 7 redundancy
€
g 8 heat generation costs (€/MWh)
§ 9 Import rate of energy sources and fuels
10 Financial predictability
. 11 Expected local acceptance
g 12 Range of resources deployed (constant consumption)
g 13 Complexity of decision-making structures
g 14 Conflict potential of the resources used

15 risk assessment

1= positive, 5 = negative ~ OV I: Grid+ST (max) + Gas —a -V II: Grid+ST+boiler —o— V III: Grid+ST+WWH+Gas ——

February, 15th 2023 KoWa — sustainability assessment 31



Thank You!

IZES

Prof. Dr. Katharina Gapp-Schmeling
gapp-schmeling@izes.de

https://www.kowa-projekt.de

February, 15th 2023

Projektbeteiligte

Y
- ‘)i <« » HOCHSCHULE
1ZeS.

GmbH OSNABRUCK

Institut fur ZukunftsEnergie-
und Stoffstromsysteme

Hochschule fiir INa
Wirtschaft und Recht Berlin Institut fir Nachhaltigkeit
Berlin School of Economics and Law der HWR Berlin

@navble fiioq

Universitat (¢ )
RO StO C k \&\Aﬁ/ Traditio et Innovatio

uuuuuuuuu

KoWa — sustainability assessment

Gefordert durch:
% Bundesministerium
flir Wirtschaft
und Energie

aufgrund eines Beschlusses
des Deutschen Bundestages

Forderkennzeichen: 03EN3007

32


https://www.kowa-projekt.de/
https://www.kowa-projekt.de/

References

e  AGFW (2020): Leitfaden zur ErschlieBung von Abwarmequellen fur die Fernwarmeversorgung, 2020.
e Destatis - Statistishes Bundesamt (2021): Aus- und Einfuhr (AuBenhandel): Deutschland, Jahre, Lander, Warensystematik. 51000-0007.
¢ Gapp-Schmeling, K. et al (2021): Nachhaltigkeitsbewertung kommunaler Warmeversorgungsoptionen — Methodenbeschreibung, abrufbar unter:

¢ Kaufmann, D., Kraay, A., Matruzzi, M. (2020): The Worldwide Governance Indicators (WGlI).

¢ Rogall, H., Gapp-Schmeling, K., Welz, A. (2021): D. Trends der globalen Herausforderungen. In: Rogall, H., Gapp-Schmeling, K., Grothe, A., Michaelis, N., Ekardt, F., Hasenclever, W.-D.,
Hauchler, 1., Janicke, M., Miiller, M., Nutzinger, H. (Hrsg.): Jahrbuch Nachhaltige Okonomie 2020/2021. Im Brennpunkt: Nachhaltiges Wirtschaften und Innovation. Weimar (Lahn)
(Metropolis).

*  Rogall, H., Gapp-Schmeling, K. (2021): Nachhaltige Okonomie. Okonomische Theorie und Praxis einer nachhaltigen Entwicklung - Band 1. Grundlagen der Wirtschaftswissenschaft Bd. 15.
3. Aufl. Marburg (Metropolis-Verl.).

* Rogall, H., Gapp, K., Goergens, K. (2018): Trends der globalen Herausforderungen. In: Rogall, H., Binswanger, H., Ekardt, F., Grothe, A., Hasenclever, W.-D., Hauchler, I., Janicke, M.,
Kollmann, K., Michaelis, N., Nutzinger, H., Scherhorn, G. (Hrsg.): Im Brennpunkt: Zukunft des nachhaltigen Wirtschaftens in der digitalen Welt. Marburg (Metropolis Verlag).

* Rogall, H., Gapp, K., Bruning-Pfeiffer, A., Hewelt, F. (2016): Globale Trends. In: Rogall, H., Binswanger, H., Ekardt, F., Grothe, A., Hasenclever, W.-D., Hauchler, I., Janicke, M., Kollmann, K.,
Michaelis, N., Nutzinger, H., Scherhorn, G. (Hrsg.): Im Brennpunkt: Ressourcenwende - Transformation zu einer ressourcenleichten Gesellschaft. Marburg (Metropolis Verlag): 347-408.

* Rogall, H., Gapp, K. (2016): Trends einer nachhaltigen Entwicklung in Europa und Deutschland. In: Rogall, H., Binswanger, H., Ekardt, F., Grothe, A., Hasenclever, W.-D., Hauchler, I.,
Janicke, M., Kollmann, K., Michaelis, N., Nutzinger, H., Scherhorn, G. (Hrsg.): Im Brennpunkt: Ressourcenwende - Transformation zu einer ressourcenleichten Gesellschaft. Marburg
(Metropolis Verlag): 409-431.

* Rogall, H. (2014): 100%-Versorgung mit erneuerbaren Energien. Bedingungen fiir eine globale, nationale und kommunale Umsetzung. Marburg (Metropolis-Verl.): 494 S.

* Rogall, H., Klausen, M., Haberland, R. (2014): Trends der globalen Herausforderungen. In: Rogall, H., Binswanger, H., Ekardt, F., Grothe, A., Hasenclever, W.-D., Hauchler, I., Janicke, M.,
Kollmann, K., Michaelis, N., Nutzinger, H., Scherhorn, G. (Hrsg.): Im Brennpunkt: Die Energiewende als gesellschaftlicher Transformationsprozess. Marburg (Metropolis): 31-100.

* Rogall, H., Klausen, M., Haberland, R. (2013a): Trends der globalen Herausforderungen. In: Binswanger, H.-C., Ekardt, F., Grothe, A., Hasenclever, W.-D., Hauchler, I., Janicke, M.,
Kollmann, K., Michaelis, N., Nutzinger, H., Rogall, H., Scherhorn, G. (Hrsg.): Jahrbuch 2013| 2014 Nachhalitge Okonomie. Im Brennpunkt: Nachhaltigkeitsmanagement. Marburg
(Metropolis): 57-117.

* Rogall, H., Klausen, M., Haberland, R. (2013b): Trends der globalen Herausforderungen. 2011. In: Binswanger, H.-C., Ekardt, F., Grothe, A., Hasenclever, W.-D., Hauchler, I., Janicke, M.,
Kollmann, K., Michaelis, N., Nutzinger, H., Rogall, H., Scherhorn, G. (Hrsg.): Jahrbuch 2011| 2012 Nachhaltige Okonomie. Im Brennpunkt: Wachstum. 2. Aufl. Marburg (Metropolis-Verl.):
27-53.

February, 15th 2023 KoWa — sustainability assessment 33


https://www.kowa-projekt.de/wp-content/uploads_kowa/2021/10/KoWa_AP4-Methode-Konzeptbewertung_fin.pdf

