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Education

» PhD, ETH Zurich (2013)

= MSc in Mechanical Engineering, ETH Zurich (2010)

»= BSc in Mechanical Engineering, Simon Bolivar University (2006)

Areas of Expertise
Thermal Grids, Thermal Energy Storage, Modeling and Simulation of Energy Systems

Professional Career

= Lecturer for Thermal Grids, Institute for Building Technology and Energy, HSLU
= Head of Research Thermal Grids, HSLU

= Member of the Board of the Swiss Association for Thermal Grids

= Head of Research Group, Competence Center for Thermal Energy Storage, HSLU
(2017-2023)

= Senior Development Engineer, Flow Products (UK, 2015-2017)
= Postdoc, Laboratory for Solar Technology, Paul Scherrer Institute (2013-2015)




Las Mujeres en los Distritos Térmicos =-__ District Energy

— LATAM Conference 2023
3 SEP 27 - 29 | CARTAGENA | CO

MARJORIE JIMENEZ

Lider de Operaciones CNC del Mar

#DTenColombia
#LaIgualdadDeGéneroEsConmigo




:'_ Thermische Netze ————————— Schweiz Lucerne University
- Réseaux Thermiques Suisse H s LU of Applied Sciences
. Reti Termiche Svizzera and Arts

Climate Change is Real

Average Heating Degree Days (HDD) in Switzerland
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Source: Berger M, Worlitschek J, The link between climate and thermal energy demand on national level: A case study on Switzerland, Energy and Buildings (2019) 5



The Future of Cooling HSLU =<

6
5.6 billion units ...future beyond 2050?
Rest of world
5
Africa & Middle East
Latin America -
4 150% increase
2 between today until 2050
S Other Asia
S
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~2.2 billion units
2
1
| United States
0 1

[ [ [ [ | [ [
1990 2000 2010 2020 2030 2040 2050

Source: IEA, Global air conditioner stock, 1990-2050, IEA, Paris https://www.iea.org/data-and-statistics/charts/growth-in-global-air-conditioner-stock-1990-2050.
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Heating and Cooling in Europe
...and its reliance on fossil fuels

Transport
28%
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A 67%

Public services
33%

Other end uses
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Space cooling
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Space and
water heating

Source: European Environment Agency, Decarbonising heating and cooling — a climate imperative, doi: 10.2800/515288 (2023)
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Heating and Cooling in Europe
Share of renewable energy per country

Reti Termiche Svizzera
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Europe’s Problem with Natural Gas R o, HSLU iz
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In 2022, the EU's natural gas import dependency rate was 97% -
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Europe’s Problem with Natural Gas i e e HSLU S

S

>
A.

Dellberate dlsruptlonof
EU energy infrastructure'

(e NORD STREAM GAS PIPELINE LEAKS A
J |scerao RAISE SUSPICIONS OF SABOTAGE %

g R RT



= L Universit,
= ‘% MARKETS BUSINESS INVESTING TECH POLITICS CNBC TV INVESTING CLUB & PRO & HSLU o#;?;ﬁednsnéieerlilcgs
and Arts

Gas markets are becdming ‘extremely
difficult’ to predict. It’s a big problem
for Europe this winter

PUBLISHED TUE, SEP 12 2023.3:43 AM EDT | UPDATED TUE, SEP 12 2023.4:50 AM EDT

Price of Natural Gas (EU Dutch TTF)

350
Russia suspends supply through Nord Stream | —» 500
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Russia invades Ukraine ~
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w

2015 2017 2019 2021 2023
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source: tradingeconomics.com



EU's diversification away from Russian gas HSLU g
Great, but still does not solve the problem...

90% others
70%
50%
30%
Russia
10%
01/2019 01/2020 01/2021 01/2022 01/2023
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Source: European Commission (https://www.consilium.europa.eu/en/infographics/eu-gas-supply)
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Gas Consumption in Europe SR eI HSLUERER
How do we use gas for?

other use
(11.4 %)

power and heating generation

services (31.4 %)

(10.6 %)

industry
(22.6 %)

households
(24 %)
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Source: Eurostat (https://www.consilium.europa.eu/en/infographics/eu-gas-supply/)
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Do we really need it?

Resource Demand
1950°C 60°C

not so smart...
(at least thermodynamically speaking ©)

Massive exergy destruction

] 1 | ~{1r
Space Domestic
Take-aways: heating hot water

» Think first on the demand

» Think on exergy efficiency
15




Energy Strategy Switzerland 2050 HSLU sk,
Options for a carbon-neutral energy system

Hydrogen production at run-of-river sites (7 PJ) Waste incineration with CCS (3.6 Mt CO,, pa)
- 2

1.5 million heat pumps
(today 0.3 million)

Wind and geothermal energy
with attractive generation profile

Heavy vehicles using rail Expansion of heat grids in urban areas

bioenergy and hydrogen

Cement and chemical plants

3.6 million battery-powered cars with (2.9 Mt CO2 pa)

tec . storage in
Switzerland (3 Mt CO, pa)

38.6 TWh from hydropower
(renewable net production)

Well insulated buildings
with low heating demands

High levels of efficiency

. ) 34 TWh from PV systems, 40% of
in industrial processes

production (today 2 TWh)
16




Potential of renewable heat sources in Switzerland HSLU :ipisnd
The importance of thermal grids

Potentials of renewable heat sources in Switzerland (TWh)

Heat source Available S1 S2 S3 sS4

Waste to energy 2.3 2.3 2.3 2.3 2.3

Waste water treatment plants 2.6 2.5 2.5 2.5 2.5

Lakes 134.3 13.6 0.6 0.7 0.7 Scenario S1 favors lakes

Rivers 9.4 7.4 9.2 0.6 0.7 Scenarios S2-S4 favor geothermal
Ground water 4.7 3.4 3.7 4.6 1.1

Geothermal 72.9 8.2 19.1 27.2 30.9

Others 4.9 4.9 4.6 4.2

Exploiting these potentials is strongly dependent on thermal grids!

17

Source: Jakob M, Reiter U, et al. Erneuerbare- und CO2-freie Warmeversorgung Schweiz (2020)



Many renewables but which one to choose? HSLU i
The key role of strategic energy planning

= Development of thermal grids requires a vision - local energy plan

= Local governments play a key role:

o Provide guidance for prioritization of renewables
Prevent individual solutions Energy Plan of the City of Lucerne
o Plan infrastructure accordingly

" Stadt
Luzern

Conventional thermal grid Lake-source thermal grid
Groundwater-source heat pump Ground-source heat pump
B0 Air-source heat pump
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Thermal Grids in Switzerland et Tl | [ I | Erte
Current situation

More than 1'000 thermal grids
8.5 TWh heat per year
~1.5 billion USD annual turnover

» Meni 6ffnen

& rosii @ o

Q@ wasser @ crewuriitat
@i & sor
& @ Andere
Q@ rbwirme
& cawirme

® Daten:swisstopo, BFE
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Source: Interactive map «Thermal Grids» on map.geo.admin.ch (Link)


https://map.geo.admin.ch/?topic=energie&lang=de&bgLayer=ch.swisstopo.pixelkarte-grau&layers=ch.bfe.thermische-netze&E=2658218.18&N=1200447.11&zoom=0&catalogNodes=2419,2420,2427,2480,2429,2431,2434,2436,2767,2441,3206

Thermisch Net;

Thermal Grids in Switzerland el | [ I | Erree
Current situation

Number of grids

\

Blogas (8)

‘Geothermal
H Ground water

Lakes

m Fossil

® Other renewables
m \Waste-to-energy
® Biomass

Waste heat
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Thermal Grids in Switzerland - Past Decade Development
Installed Capacity and Energy Sources

2010 2020
2.2 GW 4.2 GW

= Waste-to-energy
‘ * Fuel ol

= Gas

= Biomass

= Environmental heat
(+HP) & waste heat

Today: most grids in Switzerland are high temperature (>80°C).
The most common heat source is waste-to-energy.

Source: Hangartner D, Kddel J, Liste "Thermische Netze*, Auswertungsbericht 2020.
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Thermal Grids in Switzerland - Outlook 2050 HSLU s
Installed Capacity and Energy Sources

2050 2020
8.7 GW 4.2 GW

= Waste-to-energy
* Fuel ol
= Gas

= Biomass

= Environmental heat
(+HP) & waste heat

Future: trend toward low-temperature grids.
Many of them are being realized with cooling capabilities (<20°C).

22

Source: Hangartner D, Kddel J, Liste "Thermische Netze*, Auswertungsbericht 2020.



Thermal Grids vl | [ IV e
Navigating current and future typologies

Last generation grids

Heating

Traditional grids

Heating
Heating

Heating Heating Heating
¥ > S P N

A

High-temperature grids,
directed flow, unidirectional

Cooling
Heating

Low-temperature grids,

undirected flow, bidirectional 23




Thermal Grids
Temperature classification
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High temperature Low temperature

>

Limit for 60°C
hot water -----

Limit for 30ec
direct heating ~ ----[SSSSESEEERRRR—— -3

Limit for 20°C

. . "Anergy networks"
direct cooling =~ ---- |ECSESRERRRRRRRERR, D

Freezing point

Casel 60°C Case 2 30°C Case 3 20°C Case 4 0°C

Grid temperature

24

Source: Nussbaumer T, Thalmann S, Hurni A, Mennel S, 'Faktenblatt Thermische Netze', EnergieSchweiz (2021)



The Cost of Heat
Technologies comparison
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Levelized cost (USD/kWh)

-0.03 0.04 0.11 0.18 0.25
Electric boiler | I
Biogas boiler | ]
Biogas CHP ] e
Natural gas CHP I ]
Biomass CHP plants ]
| Geothermal with electric heat pump
Electric heat pumps, ambient temp.
Gas boiler | 1
Biomass boilers [ | I
Geothermal + absorption heat pump s [
Solar district heat, low load match factor I
Coal CHP to biomass conversion | ] ]
Coal CHP B O]
Coal boiler to biomass conversion | | R
| Electric heat pumps,elevated temp. - = |
Solar district heat, seasonal storage
Solar district heat, high load match factor ]
Gas-fired absorption heat pumps || ]
Geotheral, dirct use I
Biowaste CHP [ I
m Fixed cost Fuelcost m Network cost

25

Source: IRENA, Renewable Energy in District Heating and Cooling: A Sector Roadmap for REmap, International Renewable Energy Agency (2017)



Geothermal with Electric Heat Pumps HSLU s
The "Anergy Network" in Suurstoffi
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Geothermal with Electric Heat Pumps
The "Anergy Network" in Suurstoffi

Heated surface area: ~170'000 m?
Heating demand: 10.6 GWh/a
Cooling demand: 2.4 GWh/a

BTES: ~400 boreholes (4.7 GWh/a)
PVT: ~9'500 m?
PV: ~2'500 m?

s :-:-:.- Réseaux
#"ala"e . Reti
"
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Lucerne University
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Borehole thermal energy storage (BTES): heating + cooling
Storage regeneration: waste heat (from buildings) + PVT collectors

4°C-17°C

OF | | gmmD

8°C-25°C

]

Hot water

Space heating/cooling
Hot water storage
Heat pump

Warm pipe

Cold pipe

PVIPVT collectors

Borehole field

27



Water-source Heat Pumps HSLU s
Using lakes and rivers as heat sources

Cold Warm

' [ |
i ~2-6°C ~40-70°C

Heating/cooling A o B B
circwt m Heat
" exchanger Return thermal flow

F|Iter Lake/river
Secondary circuit

Heat pum

1T

Vv

Suction

Ny

N\

Primary circuit
(lake/river water)




Water-source Heat Pumps HS LU #pta
GeniLac grid in Geneva

ZONE DE
LAEROPORT

CENTRE DE GENEVE

2017-2092 :

. 7 B \
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Images : Johnson Controls




Water-source Heat Pumps HS LU st
GeniLac grid in Geneva

GenilLac
Une innovation énergétique majeure ~ Building
et durable pour Genéve Comfort —

i Data centers

. Back-up unit §

@ ] U _ Rhéne
(river)

Lake Geneva

Discharge =3 m
Heat pump
exchanger

Pumping station

Suction 45 m

(=
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Waste heat revalorization HSLU i,
The high-tech data center in Eastern Switzerland

and Arts
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Waste

heat revalorization

From waste heat to cheese

OCHSNER

ENERGIE TECHNIK

Heat pump

PV production: 230 MWh/a
Waste heat: 1.5 MW (~20°C)

Thermal power: ~520 kW
2-stage screw compressor

Thermal grid
18/14°C

l

Cheesy diary
+150 households

Lucerne University
H s LU of Applied Sciences
and Arts

Gas boilers
(620 kW + 220 kW)

Low-temp heat = households
Medium-temp heat - cheese factory

- exergy efficient!



The Ultimate Challenge
Decarbonizing the peak load

Capacity requirement (kW)

5000

4000

3000

Netze Schweiz Lucerne University
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Svizzera

Peak load (100% of P,,)

e mmmmm s
Gas boiler,
15% of annual heat demand
(typically fossil) ~
Base load (50% of P, ) /
___________________________________________ <____________-
Heat pump
| [@®=
—
85% of annual heat demand ——
(renewable)

0 1000 2000 3000 4000 5000 6000 7000 8000 8760 h/a
Capacity utilization (hours/year) 4



The Ultimate Challenge
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Decarbonizing the peak load

Capacity requirement (kW)

5000

4000

3000

2000

1000

Peak load (100% of P,,)

15% of annual heat demand ﬁ
vically fossil) ~—~

Transfer the heat to when it is needed! Thermacline

Base load (50% of P

I'T'IE]X)

THERMAL ENERGY STORAGE

85% of annual heat demand

(renewable)

0 1000 2000 3000 4000 5000 6000 7000 8000 8760 h/a
Capacity utilization (hours/year) =
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Take-aways &

= Thermal grids are key to exploit renewable energy resources
= (Local) government plays a key role = strategic energy planning
= Think on eXergy efficiency

= Don’t forget thermal energy storage!

36
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Thank you!

Dr. Willy Villasmil

Lucerne University of Applied Sciences and Arts
School of Engineering and Architecture

Institute for Building Technology and Energy

Technikumstrasse 21, 6048 Horw, Switzerland
T +41 41 349 39 67, www.hslu.ch
willy.villasmil@hslu.ch
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