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Introduction

» Switzerland has a series of ambitious energy & environmental goals
outlined in the country’s Energy Strategy 2050

= Eight Swiss Competence Centers for Energy Research (SCCERS)
are established by the Commission for Technology and Innovation
(CTI) to guide the country’s energy transition

= Buildings: a key component of the Swiss energy system
= 50% of Switzerland's primary energy’
= 40% of Switzerland’s CO, emissions?

= SCCER Future Energy Efficient Buildings & Districts (SCCER
FEEB&D)
= Vision: “Develop solutions for the Swiss building stock to reduce its
environmental footprint by a factor of three by 2035”

1 SFOE (2012). Energy in Buildings. Swiss Federal Office of Energy (SFOE). Available from:
http://www.bfe.admin.ch/themen/00507/00607/?lang=entt. 2
2 |EA (2012). Energy Policies of IEA Countries — Switzerland. International Energy Agency (IEA), Paris, France.
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Distributed multi-energy urban energy systems

= Distributed multi-energy systems (DES) definition34: “a system where
energy is made available close to energy consumers with multiple
integrated energy vectors (e.q. electricity, biomass, natural gas etc.) and
multiple sectors (e.q. heating, cooling, electricity, transport etc.)”

Existing Stock Local Government Buildings

Source: E.ON energy l l

3 Di Somma, M., Yan, B., Bianco, N., Graditi, G., Luh, P.B., Mongibello, L., Naso, V., 2015. Operation optimization of a distributed

energy system considering energy costs and exergy efficiency. Energy Conversion and Management 103, 739—-751.

4 Mancarella, P., Cesefia, E.A.M., 2016. Tutorial 2 — Multi-Energy Systems — An introduction to the smart grid beyond electricity. 4
IEEE International Energy Conference (ENERGYCON) 2016, Leuven, Belgium
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Distributed multi-energy urban energy systems

= Distributed multi-energy systems (DES) definition34: “a system where
energy is made available close to energy consumers with multiple
integrated energy vectors (e.q. electricity, biomass, natural gas etc.) and
multiple sectors (e.q. heating, cooling, electricity, transport etc.)”

= Main characteristics
= Organization of multiple buildings in integrated energy entities
= |ncorporation of locally available renewable sources and efficient generation
and storage technologies

» Why an urban dimension? e
= High urban energy demand density
= Co-existence of diverse energy consumers
= Potential of urban renewable energy

3 Di Somma, M., Yan, B., Bianco, N., Graditi, G., Luh, P.B., Mongibello, L., Naso, V., 2015. Operation optimization of a distributed

energy system considering energy costs and exergy efficiency. Energy Conversion and Management 103, 739-751.

4 Mancarella, P., Cesefia, E.A.M., 2016. Tutorial 2 — Multi-Energy Systems — An introduction to the smart grid beyond electricity. 5
IEEE International Energy Conference (ENERGYCON) 2016, Leuven, Belgium
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Distributed multi-energy urban energy systems

= The design of distributed multi-energy urban energy systems is a
challenging and multi-faceted task

» Research at the Chair of Building Physics, ETH Zurich and the
Laboratory for Urban Energy Systems, Empa Duebendorf investigate
the multiple dimensions of these systems within SCCER FEEB&D




Research highlights

Distributed multi-energy urban
energy systems

Chair of Building Physics, ETH Zurich
Laboratory for Urban Energy Systems, Empa
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The ‘energy hub’ concept

= Modelling & Optimization framework for the interactions between
multiple energy carriers and energy technologies®

Energy Hub

Electricity @ Electricity

- "
Natural Gas ‘G‘

71 Outputs
_ District Heat @ : i Heating (Loads)
........... *g._. + _._._._._:._.._._._._.b

|

Y.

Inputs

= Used to optimize the supply, conversion and storage of multiple
energy streams

= Optimal design & optimal operation problems
» Minimization of economic, environmental or energetic criteria

5 Geidl, M., Koeppel, G., Favre-Perrod, P., Klockl, B., Andersson, G., Frohlich, K., 8
2007. Energy hubs for the future. IEEE Power and Energy Magazine 5, 24-30.
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Electrical and thermal networks low-carbon urban areas

In order to achieve low

... should the carbon urban areas... hat is th
................... ) ... what is the
networks be pure

. optimal
electrical so that P
. . network
electricity is used lavout?
both for electricity yout:
and heating

demand?

... what energy
technologies
should be
installed in
each building?

...when should
buildings be
connected by
heating network in
addition to
electrical grid?

B. Morvaj, Holistic optimisation of distributed multi energy systems for low 9
carbon urban areas. PhD Thesis. ETH Zurich, 2017.
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Distribution grid model integrated with energy hub framework

e
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B. Morvaj, R. Evins, J. Carmeliet, Optimization framework for distributed energy systems
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with integrated electrical grid constraints, Applied Energy. 171 (2016) 296-313.

B. Morvaj, R. Evins, J. Carmeliet, Optimising urban energy systems: Simultaneous system
sizing, operation and district heating network layout, Energy. 116, Part 1 (2016) 619—636.
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Uncertainty & the design of distributed urban energy systems

How much energy will the bui(dihﬁ
occupah‘k need? How does fheir

How will the future Srid
Imix Loob [i(;.e_?

T o ?

HO\» wiu c[iwo‘fe cfnahse

affec+ Eui(dimj o‘ehamds?

2\
/ﬁ\J 0 7\ @m
S — 0|

g ; ® § Urban heislnfmw[«ood

.’Jelnaviour a(fec’{’ Bui(dih?) eher‘o)ﬂ
deh\ahds?

How will fu‘l’ure
EN, e(ec'{‘rici‘h? and 3“ prices
evolve? <7

Ehersul L\ub

G. Mavromatidis, Model-based design of distributed urban energy
systems under uncertainty. PhD Thesis. ETH Zurich, 2017.

11
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Uncertainty & the design of distributed urban energy systems

“What are the impacts of uncertainty ?”

Examine patterns in
Monte Carlo

energy hub optimal design variations
modelling
! et Uncertainty Analysis |-meme--- }
i i District system (DS) i
e e : o1189KW  450KW  1452kW  734kW  518KWs 1000 kWh 2135 m? .
I 2 7 &/ :
Deterministic designs 8 | AR i
. . B I
might be suboptimal! s |
I 5
I Z oww 0 kW 0 kW 0 kW OkWs 480 kWh 1089 m® |
I Gas boiler  GSHP Oil boiler  Bio boiler CHP Th storage PV I
: System capacities :
e — e —————— .
G. Mavromatidis, Model-based design of distributed urban energy 12

systems under uncertainty. PhD Thesis. ETH Zurich, 2017.
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Interactions between urban design & energy systems

Building &
urban energy
demands

Renewable
potentials

13
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Interactions between urban design & optimal energy systems

Simultaneous optimization of urban &
building design and energy systems
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Waibel et al. 2016. Using Interpolation to Generate Hourly Annual Solar Potential Profiles for Complex Catbion Reduction o
Geometries. BSO 2016, Newcastle, United Kingdom, September 12th — 14th 2016
Waibel et al. 2016. Holistic Optimisation of Urban Morphology and District Energy Systems. SBE16, Zurich, 14

Switzerland, June 15th — 17th 2016.
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Other modelling research topics

Design of large-scale \
urban energy systems

(Julien Marquant)

Feasibility of
Power-to-gas (P2G)
technologies

(Portia Murray) L
g—{]
DJ I:lJ
A= o
¥
Pt enere — - Integration of renewable
Control aspects of Dynamic simulation energy in neighbourhoods
: P of thermal networks (Somil Miglani)
multi-energy systems Danhons W
(Marc Hohmann) (Danhong Wang)

15



Designing an energy
sustainable community
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Zernez, Switzerland
= Small alpine village at = Ambitious goals by 2050
Canton Graubunden = Eliminating use of fossil fuels
= Elevation: 1'474m = Achieve 100% supply of energy
n Popu|ation: 1153 citizens demands with local renewable
= ~ 300 buildings energy

17
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Community energy system design

Village energy Village energy
Energy System demand
supply side Seeeessssscccsccccccccc= (N

7

S

-

x>

&

18
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Dynamic building energy demand modelling

Building data

Climate Data

Weather
Files

:f'meteonorm

Geometry (2.5D)

Building
Characteristics

S m

Modelling
Demand Modeling ‘ Energy Demand Results
Interface :
! ' ' ko)
- , E
I T L
..“ln-.t]-

Energy

Simulation

Wang D., Orehounig K., Carmeliet J.. 2016. Dynamic building

energy demand modelling at urban scale for the case of

Switzerland. CLIMA 2016, Aalborg, Denmark

19
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Geospatial analysis of building energy demands

& potential for building retrofits

Current Heat Demand in kWh
I 0-15.000

B 15,000 - 23,000
| 23,000- 38,500
| 38,500-69,000
| 69,000 - 130,000
I 130,000 - 252,000
B 252,000 - 494500

Road Network

|:| Zernez Zones
Y . A—

SOROD
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Geospatial analysis of building energy demands
& potential for building retrofits

Annual heating demands (kWh/m?)

R. Wu, G. Mavromatidis, K. Orehounig, J. Carmeliet, Multiobjective optimisation of energy systems
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Institute of Technology Zurich Materials Science & Technology
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- Base

- Roof Limit

- Roof Target

- Windows Limit

- Windows Target

Facade Limit

|:| Facade Target

[ whole Building Limit
- Whole Building Target
Minergie-P Requirement

L-80-99 %

D-80-99 et
SD-80-99 et

Building age & size categories

21

and building envelope retrofit in a residential community, Applied Energy. 190 (2017) 634-649.
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Community energy system design

Village energy Village energy
Energy System demand
supply side Seeesssssssccscccsccccc=q (N

S

a
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Evaluation of photovoltaic integration potential

What is Zernez’s solar potential and what are the optimal roofs for
photovoltaic installations?

Annual solar radiation (in kWh/sq. m)
| - .
S & L e &

- p! ,‘,',’
Buildings | ~ sol H11 Bis
with - . -
prod gy | Gl Qs © Letec
potential | pM /1 =]
.- i
' of grid

B PV pancls for building i
nanels Jor ouwdaing 1
m g

] Electricity storage module

G. Mavromatidis, K. Orehounig, J. Carmeliet, Evaluation of photovoltaic
integration potential in a village, Solar Energy. 121 (2015) 152-168. 23



Topic B - Smart Energy Systems: Decentral Energy Systems & Smart Grids” Er" EMPA‘

e Technische Hochschule Ziirich_____
Swl Feder: II stitute of Technology Zurich Materials Science & Technology

sccer future energy efficient
buildings & districts

Evaluation of photovoltaic integration potential

What is Zernez’s solar potential and what are the optimal roofs for
photovoltaic installations?

{\f \ *

B —

“ \//Q:'. .-
‘\ .‘ &q /

o

‘ 1
| Area for solar installations (in sq. m)
‘ 0 52 -62
D BN O0-38 mMWe2-116
1 38-48 M 116 - 300
/ 48 - 52

G. Mavromatidis, K. Orehounig, J. Carmeliet, Evaluation of photovoltaic
integration potential in a village, Solar Energy. 121 (2015) 152-168. 24



8! he Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

Topic B - Smart Energy Systems: Decentral Energy Systems & Smart Grids” E"H EMPA°

logy

SORO D

sccer | future energy efficient
buildings & districts

Community energy system design

Village energy Village energy
Energy System demand
supply side ettt (N

$ L gk

=N

25
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Design of Zernez’s energy system

Neighbourhood-scale Community-scale

@

Before 1900 (A) « oil heating
1900-1980 (B) * oil heating
1980-2000 (C) * oil heating

Before 1900 (A) « electrical heating
1900-1980 (B) * electrical heating

1980-2000 (C) * electrical heating

1900-1980 (B) * renewable heating
1980-2000 (C) * renewable heating

| 2000+ (D) * renewable heating

* Solar potential

K. Orehounig, R. Evins, V. Dorer, Integration of decentralized energy systems in neighbourhoods using the
energy hub approach, Applied Energy. 154 (2015) 277-289.

K. Orehounig, G. Mavromatidis, R. Evins, V. Dorer, J. Carmeliet, Towards an energy sustainable community: An 26
energy system analysis for a village in Switzerland, Energy and Buildings. 84 (2014) 277-286.
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Design of Zernez’s energy system

S1 Decentralized sources S2 Centralized sources S3 District heating network $4 Small network
Decentral@d technologies @ Decentraaéd technologies @ Decentralized technologies @ Decentralized technologies @
B T I e e PR T o 1 e T
g A 1 I I 1111 A 11711 I O O 1111
8 . 8 LB 8 . ‘ 8 b J
Centralized technologies E— - -@ ' Centralized technologies E— - -@ Centralized technologigs :- - -@ ) Centralized technologies E— - @ )
Urban Energy-Hub layout 1 Urban Energy-Hub layout 2 Urban Energy-Hub layout 3 Urban Energy-Hub layout 4
Decen tral/s.ed Decentralised Decentralised Decentralised
technologies technologies technologies technologies
Micro-hydro CHP-powered Micro-hydro
district heating +

Small thermal

K. Orehounig, R. Evins, V. Dorer, Integration of decentralized energy systems in neighbourhoods using the network
energy hub approach, Applied Energy. 154 (2015) 277-289.

K. Orehounig, G. Mavromatidis, R. Evins, V. Dorer, J. Carmeliet, Towards an energy sustainable community: An

27
energy system analysis for a village in Switzerland, Energy and Buildings. 84 (2014) 277-286.
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Design of Zernez’s energy system

2
o 600 100
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2 90
= 80 T Neighbourhood Village
¢ nE g
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= 60 S o1 92% 83%
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a ®
£ 40 5, Ener
? 30 2 & -55% -62%
S 2 consumption
o 20 W
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o 10 CO, emissions _o0° K1)
§ ; 90% 86%
w Base ret S1 S1s S2 S2s S3 S3s S4 S4s
Scenarios
- @ -Energy consumption [kWh/m2]
—a— CO, emissions [tCO,]
—ao— Energy autonomy [%]
K. Orehounig, R. Evins, V. Dorer, Integration of decentralized energy systems in neighbourhoods using the
energy hub approach, Applied Energy. 154 (2015) 277-289.
K. Orehounig, G. Mavromatidis, R. Evins, V. Dorer, J. Carmeliet, Towards an energy sustainable community: An 28

energy system analysis for a village in Switzerland, Energy and Buildings. 84 (2014) 277-286.
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Rural vs Urban conditions

Different settings — Same modelling approaches

Rural case: Zernez Urban case: Zurich

29
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Rural vs Urban conditions

Different settings — Same modelling approaches

Rural case: Zernez Urban case: Zurich

More than 2000
communities in
Switzerland

More than 75% of Swiss
population is urbanized

30
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Thank you for your attention

Georgios Mavromatidis

gmavroma@ethz.ch

Chair of Building Physics, ETH Zurich
Laboratory for Urban Energy Systems, Empa Duebendorf
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