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Problem |a)&

Thermal network? Which Supply technologies?
What type? Which buildings? How big, where?
BHARLE? HKB? EIFEA? T 1 INRAR? BE? (U8?

Which renewable resources? N i

Solar? Wind? Geothermal? LA / =
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APBHEE? MEE? HhFREE ;| =k a

X K r Which Storage technologies?
‘;JH‘E Mg 32iE ] How big, where?
’ o . igEERAR? 82 UE?
Which energy system enables A
meeting my sustainability targets | Electrical Campus grid?
at minimal cost and risk? What type? Which buildings?
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Which grid connections?
How big, where?
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Life-cycle costs
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What is an optimal solution? E{LARR T Z=/ 22

Today’s planning workflow Algorithm-based planning workflow
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Possible, but not optimal solutions
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What is an Energy Hub (ehub)? BEEIXZH (ehub)/ A

Networks

BEIRMI S

Connection Legend

Electricity
—— Natural gas
—— Heating

—— Hydrogen
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electricity grid
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Central gas | ' \\| --
network <
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Dissipation /
Emission
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Hydrogen/electric
vehicle charging
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Energy Hub modeling = utilising data & algorithms
I PR 25 ST AR 2 e HUb SR

Imports & Technology & Exports &
Resources Infrastructure Candidates Demands
BN IR AR QERIIRHEIRIEIN i H TR

' District Scale Building Scale

Soﬁulr}c?e/;/gjg k Conversion &3 Conversion 53 Dié?ri\?:s?c()): /

HRFE/HE

I Storage 1#fi& I Storage 1#fi&
Networks & Networks &

RIR




@ Empa

Energy Hub models for various scales

%*q]*mdzgﬁgﬁgi}gﬂzgﬂe H U b*ﬁa_}é Based on Geidl, M. et al, 2007)

Imports & Technology & Exports &
Resources Infrastructure Candidates Demands

BIN&RIR PN QEAIR MR 460 &K

Oil, Gas jH. 5 Room heating {1tz
Syn-Fuel 1/EIARE Cooling /&
H2, Biogas Hot Water #7K
She AR I R o Electricity (Appli) 5
Biomass 4415 PUMp- Micro-Turb. Electricity (Mobility)
Solar ABHEE storages PV B (%)
Geothermal-energy it PV H2 Mobility & (3218)
e Feed-in el./heat
Environmental heat ¥{ (B8 /{34
=g 7al Storages Tank - One or multiple
River/Lake heat Gas grid Storages buildings, districts, areas,
Ak, 7K Thermal grids neighborhoods, Cities,
- Any supplied energy nations, ... %1‘5?}?,%771‘;}%@
carriers to, or renewable S . 7™, Xy, X, g,
resources on site EL{th{F ACIORSHES ESER
(N AYRE RSB a7
IR BERR

National Scale District Scale Building Scale

Batteries
Electrical Batteries
grid Boilers
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Where are Energy Hubs emerging?

B EHXZHe HubBY N FAX 15 ?

Buildings #1{ Neigbourhoods #t[X Districts 1[X Cities 1y
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Import Candidates & On-site Resources

HINBEIRERE & PBF B4R

nub Modelling on Building scale
AIEEEHX HeHubi&EY

Technology Candidates
FARIEIR

Free

Cooling SAENFZS
HEX BAALEIREIIRRS
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Waterals Soence and Tecknalogy

Export Candidates & Demands
HIHBRIRIEIN & TR

Cooling 10 - 20°C A

£
(Demand) 10-20°C (%??*)

PR (FK)

ZEHERE (FwK) . PIlIEEST

50-60°C (BEK)

Faith
*_T v MR
Chiller Heat pump (Space
heating)
& "
Air-to-water
HP (substation)
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B

| I

Buffer
storage
Space heating
ZfifRe () Heat 30-40°C it
(Demand) 30-40°C (F3K)
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Ehub Modelling on Nelghborhood/Campus scale
X & X EERIRERIX HeHubiREd

CENTRAL

» Cooling tower

Barehole
Biomass

Heat Ambient

I EEEEEEEER
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CLUSTER 1 CLUSTER 2 CLUSTER 3
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Ehub Optimisation Results e B

B EXHeHub{{V &R

Pareto front - Life-cycle Cost vs Emissions tHEIEEHE-EmnEERR AT M aRHER

2
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Emissions (Tons CO 2-eqfyear)
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700 800 900 1000 1100 1200 1300 1400

Life-cycle Cost (k CHF, annualized)
EapEHARA (FiRBE, F14)



Ehub Optimisation Results
BeEIXHeHubfL{LER

CANDIDATE TECHNOLOGIES

(&R

> HEAT PUMPS (NETWORK)
IR (NZR)

> HEAT PUMP (AIR SOURCE)
THFEHRR

> CHILLER E&H

> FREE COOLING EHAHS

> PV JA

> BATTERY HEiith

> THERMAL STORAGES i1z

CLUSTER 1
Bf4H1

HEN EEEEN|

CENTRAL
PLANT

RRT

CLUSTER 2
Bf4H2

Optimal

solution 4
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Life-cycle Cost (k CHF, annualized)
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CANDIDATE TECHNOLOGIES {&iEA

> BOREHOLE (SEASONAL STORAGE) §h# (Z=1h%RE
> GROUNDWATER PUMP I F/KEHGR

> AIR-SOURCE HEAT PUMP Z=SE#ER

> BIOMASS BOILER 44 [ERER I

CLUSTER 3
Bf2H3
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Ehub Optimisation Results
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Emissions (Tons CO2-eqfyear)
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Ehub Optimisation Results
BeRXHeHub{fiit 5

Ovtimal 5y 75520

g optmal_{fi ;7553
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Emissions (Tons CO2-eqfyear)
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Ehub Optimisation Results
BEEIXHeHub it Es

Ovtimal 5y 75520

solution 4
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Ehub Optimisation Results
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d Tectnalngy

Connection
with
standardized
— o — . m— data

sym Dh ny Projects / Empa demo / analysis-LT-district / Digicities demo APIDocs  Support  LogoOut

SEP

— 5irECEUE
A Y

Address: Neuguistrasse 64,
orf

Building Category: Gebdude
ohne Wohnnutzung ‘ I

Building Ground Area: 236 m?
Construction year: 1905
Energy Demand of Building
Heating Demand: 35,457
kWh/year

Hot Water Demand: 7,710

kwWh/year
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Select geo-
referenced
data and

\ _ resource

D B (o B AR &Y

= [P

* sym ph ny Projects / Empa demo / analysis-LT-district / Digicities demo APiDocs  Support  Log Out
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0
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Build Digital
Energy Hub
Twin;

Calculate
optimal solution
In the cloud
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d Tecknalogy

Share link of
Solutions | PrinPage - A °
Optimal design and operation of scenario: Hardturmstrasse Zlirich . o p t I m a

71 O ) . minkeium Coats »

ol Results HHEEE

Eﬁﬁ%&%ﬁi&
dh

To users/guests
ee—— SRARRER

Optimal Design

Optimal Operation

Capacities of conversion technologies Annual Production of conversion technologies

Eloctniclty Droduchio fricity peoduction Meat producson

To other software

Bt a
https://dashboard.app.sympheny.com/share/solution?uld=esp-f6d054da-f575-49b3-b3c0-6b318&sGld=esp-share-scenario-0c0217c2-7d4a-5aab-
8f7d-098e5c6942db&pld=3
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d Tecknalngy

Import geo-

.
API Docs Support Log Out

symp hen y Projects / Empa demo / analysis-LT-district / Digicities demo F I

1,00000

data
W A MR EHHCEN

Jisplay GIS r
@ Display IS based map [ 1
S ' " f

Building Informa

Building Information
Address: Neugutstrasse 64,
8600 Dibendorf

s EXpO rt geo-

Building Ground Area: 236 m&

Construction year: 1906

ot re fe rence d

kWh/year

Hot Water Demand: 7,710

- data
AR EHCE]

Ja 9
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