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The microphone should be muted by default

Please state your name and institution before
you speak

Please turn off your webcam!
The camera can be used at short notice for
spoken contributions.

Chat window Setfings Mute

We will make a “group-photo” at the end of
each block
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IEA DHC Annex TS3: Hybrid Energy Networks

« Aim: To promote the opportunities and to overcome the challenges for district
heating and cooling networks in an integrated energy system context

 Funded through a task-sharing approach (the participants contribute resources in-kind for
connecting existing national and international projects)

« coordination: Ralf-Roman Schmidt (AIT); ralf-roman.schmidi@ait.ac.at

e Runtime: Fall 2017 — March 2022

 Expected results: An assessment of suitable technologies and concepts; country reports;
collection and assessment of international case studies; a review of existing methods and
tools; best practice guidelines; a final guidebook

* More information at https://www.iea-dhc.org/the-research/annexes/2017-2021-annex-ts3-draft
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09:15 — Block | — Integrated district heating and cooling networks:
11:00 CET Introduction and best practices

11:15 — Block Il — Barriers, trends and solutions for the creation of an
12:45 CET  integrated energy market

13:30 — Block lll — country-based constraints and synergies on a national
15:.00 CET  level
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Agenda Block IV - handling the complexity: Advanced
tools and methods for planning and operation

15.30

Welcome and introduction into the webinar (Ralf-Roman Schmidt, AlT)

Preliminary survey results: classification of tools and methods for modelling and

simulating hybrid energy networks (Edmund Widl, AlT)

Presentation of selected tools and methods

e EnergyPLAN: analysing the energy, environmental, and economic impact of
hybrid energy systems (Peter Sorknaes, Aalborg University)

e EnergyPRO: combined technical and financial analysis of hybrid energy
systems (Leif Holm Tambjerg, EMD International)

e Pandaplan: quasi-dynamic assessment of hybrid energy network design and
operation (Dennis Cronbach, Fraunhofer IEE)

e Fumola & DisHeatLib: co-simulation-based analysis of the dynamics of hybrid

energy network operation (Benedikt Leitner, AIT)
Interactive session on use cases, strengths, weaknesses, opportunities and
threats
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Preliminary survey results: classification of tools and,
methods for modelling and simulating hybrid energy.
networks -
(Edmund Widl, AIT)
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tools for operation tools for operation tools for operation

etc. etc. etc.
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IEA DHC Annex TS3: Subtask B — Tools and Methods

* Review of existing methods and tools

— compilation of published material through survey of tools
and methods for various applications (system planning,
design optimization, operation, etc.)

« Categorization of approaches

— identify relevant application areas for tools and methods
related to the assessment of hybrid energy networks

— perform categorization in terms of objectives,
requirements and expected results

— compile a guideline (catalogue of recommended
practices)

lht\l\‘
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IEADHC|CHP

Classification of Tools and Methods for
Modelling and Simulating Hybrid Energy
Networks

This questionnaire is part of an effort to compile a collection of methods and tools for
medelling and simulating hybrid energy netwerks. Based on the results of this
questionnaire, a classification and comparison of the existing approaches will be carried
out. The goal is to provide a catalegue from which users can select the tools and methods
that fit the requirements for their apecific application.

We aim to be as inclusive as possible with this survey! Hence, we encourage everybody
working with or developing tools and methods related to hybrid energy networks to
participate, no matter if they come from industry or academia or whether the tocls are
commercial or free. However, in order to ensure 2 meaningful outcome of this survey, we
ask you to consider the following two points

* Public online survey: htip://bit.ly/iea-dhc-annex-ts3-survey
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http://bit.ly/iea-dhc-annex-ts3-survey
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Categories related to modelling paradigms

— application class, spatial resolution of component models, temporal resolution of
component models, targeted scale of system model, targeted time horizon of system
model, intended purpose, black / grey / white box models

Categories related specifically to the energy domain

— included sectors, coupling points, power network model, thermal network model, gas
network model, energy storages included, operational control

Categories related to implementation features of the tools y

— monolithic simulations vs. co-simulation, availability of used software, documentation

Potential classification aspects

— targeted project phase, targeted audience

=" INTERNATIONAL ENERGY AGENCY IMPLEMENTING AGREEMENT ON |
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Preliminary Blinded Results — Overview g
y “‘A\f_\i\_‘§\\\\

* Replies (so far): 30
* Tool with focus on multi-energy, but not on hybrid networks: 6
* Tools with special focus on hybrid networks:
— implicit network models only (energy balances): 7
— explicit network model for 1 domain (other domains included implicitly): 6

— explicit network models for at least 2 domains: 11

=" INTERNATIONAL ENERGY AGENCY IMPLEMENTING AGREEMENT ON
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- Preliminary Blinded Results — Spatial Resolutions **\\\.\\
= L7 -*.t.t\i\i\\
spatial resolution
components buildings districts / settlements cities regions nations continents
_ component model scale of targeted system model
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— Temporal Resolutions‘\\‘% N
/3 { - *“;‘itf.\\ J

— il

temporal resolution
seconds minutes hours days weeks months years decades

_ component model scale of targeted system model
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 explicit modelling of controllers: 15
e co-simulation approaches: 9
* licensing:
— commercial license: 7
— free use (but not open source): 3
— open source with strict copy-left (GPL): 6

— open source without strict copy-left (BSD, Apache, etc.): 7

— combination of software packages with different license terms (mix of open-source and
commercial licenses): 5

— other: 2

e and more ...
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If you want to know more ... m\s‘;‘ii\\\
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« survey will be extended
— add results from literature survey

— online survey is still open = You are welcome to add your own methods or tools!!!

o classification will be refined

— double-check survey results with available documentation, publications, etc.

 final analysis with unblinded results will be made public
- presentation at TS3 track @ Smart Energy Systems conference

- open-source publication of results
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EnergyPLAN: analysing the energy, environmental, |
and economic impact of hybrid energy systems
(Peter Sorknaes, Aalborg University)
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ENERGYPLAN -
ANALYSING THE ENERGY, ENVIRONMENTAL, AND
ECONOMIC IMPACT OF HYBRID ENERGY SYSTEMS

PETER SORKNAS
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General information

« Created for the study and research of future sustainable energy systems with a
special focus on energy systems with high shares of renewable energy sources.

* Developed in 1999 and is continuously being improved by the Sustainable Energy
Planning research group at Aalborg University, Denmark.

« Made for Microsoft Windows.
 Coded in Delphi Pascal.
* Current version is 15.2 (next version summer 2021).

* Free to download and use (download from www.energyplan.eu)

«

AALBORG UNIVERSITY
DENMARK


http://www.energyplan.eu/

Guiding principles for development of EnergyPLAN

« Character of technological change

« Enable the user to analyse the type of technological change which is required
when transitioning to 100% renewable energy systems.

* Multiple alternatives

« Enable the transparent and consistent comparison of multiple transition
alternatives.

 Free of institutional inertia

« Alternatives designed and analysed in EnergyPLAN should not be limited by
existing institutional and market frameworks.

«

AALBORG UNIVERSITY
DENMARK



Overview of principles of EnergyPLAN

« Deterministic simulation tool for energy flows of an entire energy system (electricity,
heat, cooling, transport, and industry).

e Chronological simulates the hourly operation of the modelled energy system for a
leap year (8,784 hours).

« Especially useful on city, regional, and national scale.
* |Inputs and outputs are aggregated into groups of technologies.
« Different simulation strategies are available:

« Technical <- Aims at reducing fuel consumption.

« Economic <- Lowest marginal costs (incl. electricity trading).
« Fast simulations (each yearly simulation takes seconds).

«

AALBORG UNIVERSITY 195
DENMARK



Overall structure of the energy system in EnergyPLAN
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INPUT

Demands
Electricity
Heating
Cooling
Industry
Transport
Desalination

Supply
Heat and electricity

Central Power prod.
Variable Renewables
Heat Only

Waste

Biofuels

Biogases

Hydrogen
Electrofuels

Gas to Liguid

Balancing &
Storage
Electricity storage
Thermal storage
Liquid and

(Gas Fuel storage
Hydrogen Storage
Compressed Air

Transport
Petrol/Diesel Vehicles
Gas Vehicles

Electric Vehicles

V2G Electric Vehicles
Hydrogen Vehicles
BiofuelVehicles

EnergvPLAN

Temporal distribution data library

| Electicty Demand | DistiictHeating - Wind H Hyaro — Wave H waste |

| Solarthermal H Photovoltaic —{ Geothermal -| Individual Healing]

| IndustriaiCHP || Transportation || Market Prices | Wasteheat |{ Erc.. |

Electricity Market
Average prices

Price elasticity
Minimum and
Maximum prices

Fuel Cost & CO:2
Fuel prices

Fuel handling costs
Fuel taxes

COz Emission Factor
COz Emission Costs

Technology Cost
Variable Operation
Fixed Operation
Investment
Interest Rate

— =

Either: Technical simulation strategies

1) Balancing heat demand
2) Balancing both heat and electricity demand

Or: Electricity market simulation strategy

Market simulation of plant optimization based on business
economic marginal production costs.

And: Critical Excess Electricity Production
Reducing wind

Replacing CHP with boiler or heat pump
Electric heating and/or bypass

OUTPUT

Results
{Annual, Monthly
and Hourly Values)

Electricity balance
Heating balance
Gas balance
Hydrogen balance
Biomass balance
Elecirofuel balance

Import Expenditures
Export Revenues

Fuel Consumption

C0O2 Emissions
Share of RES




Simulation method

« EnergyPLAN uses what the developers denote as “analytical programming”.

« Rather than establishing a series of balance equations that are solved numerically as
in optimisation and equilibrium models, EnergyPLAN is based on a series of
endogenous priorities within, e.g., power and heat production and pre-defined
procedures for simulating the operation of units that are freely dispatchable.

 The approach is purely deterministic with no stochastic elements.

 EnergyPLAN simulates user-defined systems and does not make endogenous
system optimisation

«

AALBORG UNIVERSITY
DENMARK



Overall simulation approach

Stage 3a: Technical Energy
System, Simulation

Stage 4

Stage 2 Critical exess electricity

production regulation and
computation of fuel use,
emissions and costs

Stage 1
Initial computations

Computations not involving or

electrcity

Stage 3b: Market-economic
energy system simulation

«

AALBORG UNIVERSITY
DENMARK



The two simulation strategies

Technical simulation Economic simulation

STEP 1: Electricity market
definitic

STEP 2: Utilising flexible electricity
demands STEP 2: Identifying
marginal production (and

consumption) cost

tarting point
electricity market prices

STEP10: R

step. Summarizing
electricity

the thre demands and STEP 4: Optimising the

buying of given hydrogen

and electricity demands

STEP 5: Calculating individual CHP and import/export/
heat pump systems CEEP
STEP 5: Optimising
ity C umption
options
STEP 6: Calk ing electrolysers for

hydrogen production

STEP 9:Steps 3 to 8 are repeated to calculate
how production and consumption influences the market price

STEP 6: Optimising hydro
power and CSP

STEP 7: Utilising thermal stor:

Optimising
electricity power

production options
STEP 8: Balancing with V2G production

STEP 10: After final operation,
any critical excess electricity

AALBORG UNIV STEP B: Optimising
electricity storage
STEP 9: Utilising electricty storages DENMAR

production will be handled
based on CEEP strategies




Energy [4WAN Home « Download * About = Contact [l YoufTR)

Advanced energy
system analysis

computer model Gel Started Training Smart Energy Systems Useful Resources Community
I O r I I I O re O I l E I l e r I I A N Introduction Benefits
EnergyPLAN simulates tr ] ational energy 3 y basis, Including the electricity, heating
o justry and transp i - 0 Research * Access to a network of global
Group morgunwrsny Denmark. T odel is us y L cymaker: users
worldwic = I of example, the
aL o llralmrln available including our forum, and « User-friendly and very fast fora

nany countries. The EnergyPLAN modk | in hundreds of sc
ports, which are presented ase studies = about any publication
n the EnergyPLAN model, so we can adi

normal PC (seconds)

* Detailed hourly analyses of a
complete energy system

— Comerion [r—— Demand
smsrnge
h tt . / / I / ot Smart Energy Systems + Access tolibrary of hourly data
[ I l I l -
p S [] WWWI e e rq v p a L] e u t T e One of the key objectives with the EnergyPLAN tool is * Long list of case studies from
N [T
i, — m Bectratuy i -*..u:, toaid Inkms- design of 100% renewanle snerg;: various countries
ol systems. Since the development of EnergyPLAN
Fesiie began back in the year 2000, the conceptofa 100% # Free of charge
HerEl  renewable energy system has evolved significan
et
pisiy * Free online training, guides,
‘_‘;:m —> Hemrw ————————— (o workshops, and documentation
e
o = Facilitates third-party
Feitng developments by allowing add-on
= Pactuing - help tools
e

L Download Model J

« Lund H, Thellufsen JZ, Ostergaard PA, Sorknzes P, Skov =~ |=& et . B
IR, Mathiesen BV. EnergyPLAN — Advanced analysis of T e

smart energy systems. Smart Energy 2021;1:100007. w e = ::L.
doi:10.1016/j.segy.2021.100007. = == =

g rnaiiing
F b T m-hE-D

dion mmwnmum-wwemumym 51, their somplescty can
v 0] s oF mch . oot ATen i o oo . s sl o e il
transition and the study af the implications of differest chosces call - acnurary (2] In thesr systematic analyses imvesigating power system

ign transi
JEE St ————
ressarchers should choos: ihe muost suitable enerzy sytem Lo, - et sl have shomn s

mesteling, ool sepenading oo the spocilic purpose aed abjertiws ol sensitivity whes ssalysing the intgratkn of S5 ad potcntialy
thess amalyeas 4] meed 0 be enhanced o be used a8 3 part of integrates) mized
The shree mess commun methodoingical apprsctes 1o ey modeks 111

AALBORG UNIVERSITY
DENMARK

Y P D 313 v S ey Y



https://www.energyplan.eu/

Technology Collaboration Programme
by I2Q

EnergyPRO: combined technical and financial
analysis of hybrid energy systems
(Leif Holm Tambjerg, EMD International)
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EnergyPRO

combined technical and financial analysis of hybrid energy systems

0 EMD International

Leif Holm Tambjerg, Iht@emd.dk



EMD International o

« EMD is a global company supplying software and consultancy services for
design, planning, documentation and operation of wind energy projects
as well as complex distributed energy projects.

 Regional sales offices in Germany, France, Spain, United Kingdom, Turkey,
USA, Brazil and China.

« The company is founded in 1986 and has a staff of app. 30 employees at
the Danish office.




What is energyPRO O

energyrRo
Techno-economic optimisation
 Energy system modelling of T i
] — A
Across energy sectors T s 102017 v
Renewable energy - . 20 Minutes G
Electricity ;‘; B s Gt
Heating T o ‘ 01-01-2017  |w|-[01-01-2057 |
Cooling Years to be planned "f':'|: 000
Fuels Hﬂmd
« Hour by hour or less calculatic I i - T
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« 3 days or 40 years e S s
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energyPRO in detalls

Across sectional example

Payments are
essential in
energyPRO

For calculating
economic results,
NPV, LCOE and for
setting operation
strategy

O bam|=

File energyPRO setup Project setup Toels Window Help

g Time series overview

) energyPRO 4.5 - Trigeneration plant on a spot market_ DESIGN module (Madified)

O

ENEergyrRo

Input data

» {_] Electricity markets
-{7] operation strategy
> j

il Sale of cooling
~ {3 operation expenditures
v -3 Fuel costs

AN | v i Operation&Maint.
i g3 engine 1
- Engine 2
-3 Boilers
- Electric chiller
-8 Absorption chiller
Electricity purchase
-8 Spot market

% I = | Zoom: |[100% |

v

CRINA |+ X

4% Site Overview | Operation strategy

3 Tax on consumption j

Reports

{10 Production, graphic

{13 Production, carpets

ﬁ Energy conversion, annual

{0 Energy conversion, monthly

{13 Duration curve for heat demand
{13 Duration curve for cooling demand
ﬁ Environment

-{iil) Cash flow, monthly

il Operation Income

-l Key finandial figures

ﬁ Catalogue of technical assumptions
-{il] Catalogue of economic assumptions
- Operation strategy calculation
{10 Graphical layout

i Project reports

Fuel

11 kitNen3
\——/

Natural gas

Electricity

Cooling

2000 kW 3 Day-ahead market,
5150 kW # marginal price
=
22w =3
= EPEX
Gas engine 1
2000 kW
5150 kW
T 2200 kW
e
Gas engine 2 —  4L72WWh

Thermal store

ok 10000 kW

Elec Chiller

2040 kW
9500 KW 2000 vy, %ﬁ‘mh
10000 KW _ . P

Boilers

Heating

————
Absorption Total Cooling
Chiller demand
3000, 10 MWh
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Net work loss
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Total sale of
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energyPRO in detalls O

ENEergyrRo

Operation Strategy
(@ Minimizing Net Production Cost (MPC)

Operation strategy ) s et cpeatn ey

Met Heat Production Cost | Met Cooling Production Cost | Energy Unit Setup
« Setting of ener
January 2018 | b (Select month for shown operation strategy)

conversion units and
payments defines the .
operation strategy 0

70

Met Cooling Production Cost (NCPC) versus Electricity Spot Price (Start costs excluded)

Net Cooling Production Cost

60

« Two calculation methods:
Analytic
MILP

50

40

30 \
2 \

10

MCPC [EUR/MWhH-Cooling]

0 5 10 15 20 25 30 35 40 45 50
Electricity Spot Price [EUR/MWh-el]

— Absorption Chiller/Gas engine 1 — Absorption Chiller/Gas engine 2 — Absorption Chiller/Boilers Elec Chiller




Investment, financing and taxes O

ENEergyrRo

Detailed settings of investments and financing

) Gas engines - o IE8 O Loan _ o
M armne: |Gas engines
Mame: |Loan
|Pvestments
Description of Finandng Disbursements
|Date Amount fidd fine
IEEE 5,000,000 Type: INominal loan v | Date Amount
_ 1 012018 7.500.000
Amortization: |Anr1|..||ty | vl
‘ Add line | ‘ Remove line |
Depreciation
iod: 15
Type Loan periad: fears Ijl Months Annual Interest [%]:
® Linear iod:
Payment Grace Period; ‘fears Manths
. Period: “fearz Ijl Ijl PEYTI'IEFIt{S} per Year
) Saldo
(O User Defined MName of Fee | Time of Payment | Value | Unit
il tariff at each disbursement 500,00 EUR.
[ ] Revaluation of assets
| Fizzal vear Depreciation Left far Depreciation ()
1 0
2 2018 800,000 7.200.000 no Date Total Payment | Interest Rate | Interestand Fees Instalment | Remaining Debt | "
3 |2019 800,000 6,400,000 1 at opening i]
4 2020 800.000 5.600.000 2 01-06-2018 312,294 1,50 112,500 199.794 7,300,206
5 |2021 800.000 4.800.000 3 |01-12-2018 312,294 1,50 109,503 202,791 7.097.415
§ |20z 500.000 #.000.000 4 |p1-06-2019 312,204 1,50 106,461 205.333 6,591,533
7 2023 800,000 3.200.000
s 204 300,000 2.400.000 5 01-12-2019 312,294 1,50 103.374 208,920 6.682.662
s |z 00,000 1600000 | v & |01-06-2020 312,204 1,50 100.240 212,054 6.470.608
7 01-12-2020 312,294 1,50 97.059 215,235 6.255.374
s o ‘ 8 |01-06-2021 312,294 1,50 93.831 218.463 6.036.910
. 9 01-12-2021 312,294 1,50 90.554 221.740 5.815.170
o | | TR | 10 01-06-2022 312294 1,50 87.228 225,066 5,550,104/




Reports O

ENEergyrRo

. energyPRO 4.5.342

5 Trigenerationplantonaspotmarket_DE SIGNmodule.epp 098018 2345 14/ 1
% 100 Thisexample illustratesa trigeneration plant producing hest, elechricity and cooling. [T
u I I l e ro u S re p O r S T\I‘ The eledricity issold and bought on the EEX EMD International A/S
£ Miels Jernes Vej 10
g DK-8220 Aalborg &
o +45 9835 4444
Reports
W Jﬁ Production, graphic
[l 2018 e Income Statement from januar 1, 2023 to december 31, 2023
-0 2019 Trigenerationplantonaspot
ﬁ 2020 % Thisexample illustrates a trigeneration
= | The electricity issold and boughton tl N
-3 2021 3 kK . (All amounts in EUR)
1
'ﬁ 2022 Rewvenues
—{ia] 2023 Sale ofheat : 12.019,0 MWh st TE = 450,714
Sale of electricity
(i) 2024 Spot market : = 411,310
ﬁ 0725 . Sale of electricity Total 411.310
&3 2026 — Energy conversion, ann Saleofeocling : 45000 MWh =t wE = 168.750
] Total Revenues 1.030.774
g 2027 :
. iz Operating Expenditures
{2 Production, carpets : Calculated peried: 01-2018-12- Fuel costs
Y Jﬁ Energy conversion, annual B Matural gas : 2.678.3057Nm3  at 0242 = 848.150
e ) i u Fuel costs Total 548.150
nergy conversion, monthly Operation&Maint.
Jﬁ Energy conversion, summary Heat demands: Engine1 : 4.571,4MWh  at 75 = 34,286
. . Total ssleof heat Engine2 : 44406 MWh &t 75 = 33.305
{) Duration curve for heat demand Net work loss Boiles : 5942.8MWh  at 075 = 4.457
0] Duration curve for cooling demand — Totsl Electriochiller : 2.921,0 MWh =t 20 = 11.783
! < Absorptionchiller : 589,0 MWh st 20 = 1.707
i Environment i Operation&Maint. Total 85.547
i Cash flow, monthly ‘E Maxheat demand Electricity purchase
£ Spot market : = 32 757
] [4
@8 Cash flow, summary £ Tax on consumption : 115TSMWh st a0 = 46318
--{il] Cash fiow, graphic Heat productions: Electricity purchase Total 79.073
i KEY fnancial ﬁgures Gas engine 1 Total Operating Expenditures 812770
Gasengine2 o
» i Income Statement Boilers Depreciations
— AbsorptionChiller Bas engines 500.000
il Income Statement, summary : ElED:F;’fi”H Total Depresiations 800,000
» -l Balance Sheet E Total
[
8 Balance Sheet, surr!mary' . § ing e Oparafion] 51958
--{ia] Catalogue of technical assumptions = TetalCeslingdemand I
i) Catalogue of econamic assumptions E e 157372
. . Cooli roductions: ' .
-{jil] Operation strategy calculation F G:g:_lginﬂ Loan, fee st disbursement 0
Graphical lavout Gas engine 2 Interest on Cash Account a
= |:| ¥ BD”E,EQ Total Financial Expenditures 157.372
il Project reports AbscrptionChiller
ElecChiller
Total Result Of The Year -7359.368

Electricity produced by energy units:
EPEX:



COMPARE

Use COMPARE to evaluate different alternatives

@ energyPRO 45 - Cogeneration plant on a Day Ahead market, extended with a heat pump or wood boiler. 10 year calculation. COMPARE cnmpﬂre kEy' 'rlrlancial 'rlgurES

File energyPRO setup Project setup Tools Window Help

e M= =

| @ | Time series overview | COMPARE overview

Input data

% J-' Zoom: |100% ‘:ﬂ\ |||||A + xH

% Site Owt

> 4] Project identification S
~ [7] External conditions

v 7] Time series

@ CFSR2_Temperature_52_85M__1 23W_2011

@ Return temperature

-{7] Electricity prices EPEX 2015

v @ Time series functions

¢ LT EPEX 2018

H @ Indexes

v @ Sites

i -3 pistrict heating grid
H @ Transmissions

v @ Fuels

; {0 Natural gas

~ {] Demands

L7 Total sale of heat

H {2 Network loss

v @ Energy conversion units
| f] BlecHeatpump
{] Gas engine 1

{7 Gas engine 2

{] Boilers v

Reports
> -{id] Production, graphic ~

5100 KW

5100 kW
11 KWhiNm3
)

—d

Matural gas

10000 kW

..Ilﬁ Drnduw
1

Reference

et

-ﬂll1

_—
Gas engine 1

=t

-c|l1

_—
Gas engine 2

Woodboiler alternative

2100 EW

2300 kW

2100 kW

2300 kW

S500 KW

-—

T T T e

H ﬁ Catalogue of technical assumptions
8 Catalogue of economic assumptions
: i Operation strategy calculatio
{8 Graphical layout

¥

Reference | Heat pump alternative x | Woodboiler alternative |

Net present values of the alternatives relative to the reference scenario

Nominal discountrate: 3,0
Project pericd : 10 years from januar 2018 to december 2027

Increased net present values of Heat puﬂpaltematve relative to reference

Revenues

OperatingExpenditures

Operational payments in total

Investments

Operational payments and inwvestments |niuial
Financing :

All payments in total

Increased net present values ufWuudbulIer alternative relative to reference

Revenues

OperatingExpenditures

Operational payments in total

Investments

Operational payments and inwestments |nintal
Financing

All payments in total

LR

0 T T T —

Heat pump afematve ‘Waod balier after nathee

W Allpayment in ol

Discounted Payback Period

7.3 years
8.8 years

Heatpumpalternative
Weoedboilemlternative

-1.845.0230 EUR
-3.590 482 EUR
1.945.452EUR
1.500.000EUR
445 452 EUR

0 EUR

445 452 EUR

-1.148.847 EUR
-2.157.534 EUR
1.007.6BTEUR
1.000.000EUR
T.6BT EUR

0 EUR

T.6BT EUR




REGION, Danish district heating system example .©
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Power to X example 9.

NS

H2 Minimum
\ —) demand
i<
Tariff market L
— 1 " —
Electrolysis_1
H2 additional
demand
— @ ——
Electrolysis_2
) S———N -}—H—
DemWater — @ — | _—
Waste heat
Electrolysis_3 @ [r—
Decompression
:; @
Electrolysis_4
N e
> &
Compression Compressed H2 Delivered H2
Hot Standby of H2



Industrial complex example o

ENEergyrRo

fx
=7 6000 ka
ssaraa fx
New PV ] "ﬁ ] e -
» Import limit " Import limit
Electricity check
fx market
-,
T4 450 KW, e ol i
'H 1 MWhiMWh | ?_‘E:-ﬁ“'!" LS
f —
= > Ei ey 8.3 MW
Existing PV - !
_ Min elec Min Elec import —_—
fx import amount | Elec chillers
r tx ]l 1
_fx » Mﬂﬁ'&f WWh
1 MWhikWh fx | H qé*
3,_/ Trigen plant __’ Rg
[ ] Cooling demand
Matural gas e ——
Battery >
Time series
fx Heat demand
r
1 MWh/Mwh -
\3—./ A = Chimney
ood —
Wood pellcts 1 MWW L;_:;
. fx fx
CO2in flue gas I_I_) 1 MWhton CO2
CC unit ‘
N
CO02 storage Export of CO2
Cooling
rejection
fax |
<
\,_../ Process 1
CO2 import
10 MW
10 MW I —
Process 2
Gas for .
industrial ’
processes

N
Process 3



energyPRO modules O

ENEergyrRo

Energy and economic
calculations for several
sites or on a regional basis

Optimization of energy Simulation of energy
plant operation for a short plants participating at
term period more than one electricity

; market
Calculation and

optimization of production
and operational economics

Make alternatives in s in energy plants XML call to energyPRO
the same project file, to to perform multiple

compare investment key : calculations with different
figures ' parameters

Investments, financing,
cash flows, development
in demands and prices

Long term income
statements and balance

sheets for business plans




energyPRO is a commercial tool o

« Download for free at https://www.emd.dk/energypro/
 Explore more than 50 project examples

« Ask for a time limited test license, sales@emd.dk for building
your own models

* Find prices and make orders at
https://www.emd.dk/energypro/order-energypro/



https://www.emd.dk/energypro/
mailto:sales@emd.dk
https://www.emd.dk/energypro/order-energypro/

energyPRO 9o

Thank you for your attention

Leif Holm Tambjerg
Energy System Product Manager
Iht@emd.dk




Technology Collaboration Programme
by I2Q

Pandaplan: quasi-dynamic assessment of hybrid
energy network design and operation
(Dennis Cronbach, Fraunhofer IEE)
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) INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
IEADHC|CHP DISTRICT HEATING AND COOLING INCLUDING COMBINED HEAT AND POWER



IEA TS3 Webinar

Pandaplan: quasi-dynamic assessment of hybrid energy network design and operation

Dennis Cronbach
April 27t 2021

Kassel

\

~ Fraunhofer

IEE



Fraunhofer IEE

m  Was formerly known as Fraunhofer
IWES, having a focus on power
grids and wind energy systems

= In 2018, the institute was split up
into two independent ones — the
IEE in Kassel and the IWES in
Bremerhaven

Energy meteorology information systems Grid planning and operation
Analysis and consulting for energy economics Power electronics and electric drive systems
Wind resource assessment with LiDAR Hardware in the loop systems
Training and knowledge transfer Measuring and testing
=
219 ~ Fraunhofer
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Fraunhofer IEE

m  Was formerly known as Fraunhofer
IWES, having a focus on power
grids and wind energy systems

= In 2018, the institute was split up
into two independent ones — the
IEE in Kassel and the IWES in
Bremerhaven

Energy economics Energy system technology

Energy meteorology information systems Grid planning and operation
Analysis and consulting for energy economics Power electronics and electric drive systems
Wind resource assessment with LiDAR Hardware in the loop systems
Training and knowledge transfer Measuring and testing
=
220 ~ Fraunhofer

IEE



Fraunhofer IEE

Energy grids as critical infrastructure

More e-mobility More wind and Efficient heating  Highefresilience Digital
PV power grids 20 transformation

J

More heat pumps Gas (Hydrogen)

Transformation of grid infrastructure

~ Fraunhofer

IEE




Fraunhofer IEE

Energy grids as critical infrastructure

More e-mobility More wind and Efficient heating  Highefresilience Digital
PV power grids < ) transformation
; ) B Wy

More heat pumps Gas (Hydrogen)

Transformation of grid infrastructure

Software

Research projects Consulting development

~ Fraunhofer

IEE




Pandaplan - Motivation of development & Features

pandaplan

@ pandapipes

®m energy transition includes all sectors
m gas and district heating infrastructure exists and will be extended in many regions
m coordinated planning of all infrastructures saves costs

m tools for pipe flow calculation are rare, especially in open-source world

\

© Fraunhofer IEE 223 % Fra u n hOfer

IEE



Pandaplan - Motivation of development & Features

pandaplan

Open source

Implemented as a python module

Automation of calculations

Including additional modules, e.g. for data
evaluation

Code can be modified completely

easy coupling of the applications

easy to use for pandapower users

m Calculation of the combined grid for quasi-

stationary applications

Calculation of pressure, flow velocity and
temperature for gas and district heating grids
Calculation of voltage and phase for power grids
Further variables can be derived

© Fraunhofer IEE

224

\

~ Fraunhofer

IEE



Pandaplan — How sectors are coupled

Gas component controller Gas grid simulation

Control pandapipes
variable :
v I

Model

Compressor

A

Setpoint

. . . [ ]
Power component controller  Power grid simulation

Control pandapower

variable '
- [

1
Model

v
Setpoint

Transformer

Heat component controller Heat grid simulation

pandapipes

Control
variable
v

Model

v
Setpoint

Circulation pump

P2G plant

Multi-energy controller

Control Energy
variable input
v v
Model
v v
Energy

Setpoint output

Multi-energy controller

Control  Energy
variable input

Q
g v w
o Model
L)
% v hd
) Energy
Setpoint output

© Fraunhofer IEE
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Pandaplan — Use case ?

e junction/bus
= Simulation of a coupled district heating and power grid pipe ]
house :
= District heating grid is supplied by a central heat pump heat pump |
— ) trafo L —
* Household water storages are additionally equipped with an electrical electrical line |
heater gy external grid
* Households may generate power with PV roof plants L [ ! [ . l O I O I O O O O I
= Depending on the congestion state of the power lines and the availability
of excess PV power, the heat pump may be operated at different PV profile
temperatures
Power grid Water storage &
[————= " Electric heater Heat grid
la ep >
VA e >
|
|

TnetJ m
sgen | v .
______ Household load @
I

3 Heat exchanger
Load profile —

Cnet

Space heating
profile

\

226 % Fraunhofer

IEE



Pandapipes — Performance

120
Bl pandapipes total time
| pandapipes simulation time 6d.67
STANET simulation time
a0
8 56.53
4455
aé
E 60
= I
40
10.1 9.46
20 3.65 6.43 .02 3.56
2 aF 3.87
I
___ | _
0 heat grid water grid gas grid
20 nodes 151 nodes 2634 nodes

\

© Fraunhofer IEE 227 % Fraunhofer

IEE



Outlook

® Calculation of gas mixtures
® Transient calculation mode for heating applications

* Additional controller components for the open source version

www.pandapower.org {) pandapower
www.pandapipes.org m pandapipes
=
228 % Fraunhofer

IEE



Technology Collaboration Programme
by I2Q

Fumola & DisHeatLib: co-simulation-based analysis |
of the dynamics of hybrid energy network operation;. .
(Benedikt Leitner, AIT)
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AI I AUSTRIAN INSTITUTE
OF TECHNOLOGY

TOMORROW TODAY

INTEGRATED
NETWORKS

Co-simulation-based analysis of the
dynamics of hybrid energy network operation

Benedikt Leitner

AIT Austrian Institute of Technology
Vienna, Austria
benedikt.leitner@ait.ac.at

///////////////////////


mailto:Benedikt.leitner@ait.ac.at

SMART ENERGY SYSTEMS

Heat and power networks transform from centralized fossil
fuel based generation to:

« Bi-directional networks

« Distributed generation and storages
 Prosumers

* Intelligent control

* Low energy buildings

« Distributed thermal-electric coupling

-> Increasing complexity of multi-domain systems

231



RELEVANT PHENOMENA AND TIME SCALES

focus of

presented method
2 R

electromechanical
electric : -
electromagnetic voltage stabilit
distribution g g Y [epelogy drEngse
frequency flugtuations load characteristics
flow reversals temperature changes

district pressurg distribution weather changes
energy

waterhammer load characteristics topology changes

economic dispatch unit commitment
copt_rol closefl-loop control load forecasting degign choices
decisions
protective systlems optimal set-points maintenancé scheduling
1 1 I 1 1 1 >

ms s\ m h d y

time scale
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AI I AUSTRIAN INSTITUTE
OF TECHNOLOGY

CO-SIMULATION MOTIVATION

* No single tool that covers all necessary

domains: .8
; 43., monolithic /distributed \
° - I ot simulation simulation
ermo-nydraulic moaeils ES
2 4
- Electric distribution networks E ] m1[H{mn MijjiMnl)] 32
o1 | =— 33
- Extendable to advanced control SR siffsal) 56
algorithms, detailed building models ... fvorid/merged \cosimulation _J
MODEL :E_” 2
. . . . . =1 7 ST
« Co-simulation is a possible solution s1[i]sn EE
- Cherry-picking of tools classic  parallel
» Diverse setups possible 1 »1  humber of
solvers
Towards a classification scheme for co-simulation approaches in energy systems, 233

F. Schloegl et al., in proceedings of SEDST, 2015.



CO-SIMULATION TOOLCHAIN

The Functional Mock-up Interface (FMI)
specification has been developed to

encapsulate and link models and
simulators. @

« currently supported by > 100 tools

* open-source development
- cross-platform and cross-language

- allows cherry picking of tools and
modeling paradigms

The FMI++ Library is based on FM| @

Functional Mock-up Interface (FMI) standard https://fmi-standard.org/
FMI++ Python interface https://pypi.org/project/

FMI-compliant

ecosystem
FUMGLA

234



AI I AUSTRIAN INSTITUTE
OF TECHNOLOGY

FOCUS ON OPERATIONAL ASSESSMENT

2
R—>
 Physical system modeling « Control system modeling
» Electric distribution modeling - Discrete, continuous, ...
approaches (quasi-static, dynamic, ...) - Rule-based, optimal, ...
- District heating modeling approaches - Supervisory, local, ...

(hydraulics, temperature propagation,

_ « Central, distributed, hybrid, ...
dynamics, ...)
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AI I AUSTRIAN INSTITUTE
OF TECHNOLOGY

CONTROL ASSESSMENT

Setup networks & i;litial system states L4 Feed baCk frOm phySICaI
co-simulation | L Closed—loop ContrOI

|every Atm.l| i ]
) Receive measurements & predictions ¢ CO rreCtS for mOdel I I ng d Iffe rences
§ % Run advanced control
bR v  Advanced control algorithms
Send control setpoints to actuators . .
L  E.g., model predictive control
every Adgs | Y
:g Dynamic thermoh‘;draulic simulation ° Setpoi nts Se nt tO p hyS i Cal SySte m
g ; Update power of every thermal-electric unit —
Steady-state power flow calculation

v

Analysis of results

Control assessment in coupled local district heating and electrical distribution grids: Model predictive 236
control of electric booster heaters, B. Leitner, E. Widl, W. Gawlik and R. Hofmann, in Energy, 2020



CONTROL ASSESSMENT

co-simulation

every Atein |

advanced

control model

Setup networks & initial system states

v

.

Receive measurements & predictions

Y

Run advanced control

Y

Send control setpoints to actuators

/

physical

system model

every Algs |

Y

Dynamic thermo-hydraulic simulation

Y

Update power of every thermal-clectric unit

v

Steady-state power flow calculation

v

Analysis of results

AI I AUSTRIAN INSTITUTE
OF TECHNOLOGY

District heating network

« Transient thermal & quasi-static hydraulic
models

« Sequential coupling of smodels

- Exchange of power
consumption/generation

Electrical distribution network

* Quasi-static simulation solving power flow
equations each time step

Control assessment in coupled local district heating and electrical distribution grids: Model predictive 237
control of electric booster heaters, B. Leitner, E. Widl, W. Gawlik and R. Hofmann, in Energy, 2020



EXAMPLE APPLICATIONS:
PHYSICAL SYSTEM

* District heating network simulation

| oAl (2

Il
Il
Il

uuuuu

@@=
M=
@
M=

238
Modelica DisHeatLib library https://github.com/AlT-IES/DisHeatLib



EXAMPLE APPLICATIONS:
PHYSICAL SYSTEM

* Electric network simulation
>
1
R
]
——>
—]
pandapower - an Open Source Python Tool for Convenient Modeling, Analysis and Optimization of Electric Power 239

Systems, L. Thurner, A. Scheidler, F. Schafer et al., in IEEE Transactions on Power Systems 2018.



EXAMPLE APPLICATION:
ELECTRIC BOOSTER HEATERS

supply temperature control> Tsup

|

e

.

arE

—

« Lower network supply temperature

Local electric booster heaters
guarantee domestic hot water

supply
Lower supply temperature in

MyBE MyEE higE times of no space heating
demand
L]
—fj; [ m
il =84 @ =
- i
=] pan MyBE
{ {
é \J Q E é  J Q E
A method for technical assessment of power-to-heat use cases to couple local district heating and 240

electrical distribution grids, B. Leitner, E. Widl, W. Gawlik and R. Hofmann, in Energy 2019.




EXAMPLE APPLICATION: g | | P—
ELECTRIC BOOSTER HEATERS

supply temperature C°”"°'> IS « Lower network supply temperature
C—fm] d =] * Local electric booster heaters
guarantee domestic hot water
supply

* Lower supply temperature in
times of no space heating
demand

A method for technical assessment of power-to-heat use cases to couple local district heating and 241
electrical distribution grids, B. Leitner, E. Widl, W. Gawlik and R. Hofmann, in Energy 2019.



EXAMPLE APPLICATION: g | | P—
ELECTRIC BOOSTER HEATERS

supply temperature C°”"°'> IS « Lower network supply temperature
C—fm] d =] * Local electric booster heaters
guarantee domestic hot water
supply

* Lower supply temperature in
times of no space heating
demand

A method for technical assessment of power-to-heat use cases to couple local district heating and
electrical distribution grids, B. Leitner, E. Widl, W. Gawlik and R. Hofmann, in Energy 2019.
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EXAMPLE APPLICATION:
RESULTS

Detailed network

High-level KPIs insights
100- ! [ ) ! | 70
80- o
_ i : : 60
“ a T+ | | g
X 40 5 T 5 5 = | = =
o i i T | = 50 | A too
= ] i i i r3 —
=2 H | H H | H i H H = 5 =
| =— | | | o e |
_90- ; ; ; 0.95
: : : - L1130
—40: | i | \ / a | s | ) il g
70 °C 60 °C 55 °C 50 °C 50/40 °C 50/30 °C
Supply temperature (SH/no SH)
m QFPH/QPEY  mmm 10 Wreew/QPH  mmm AQUY/QEYT mmm AP™/Py”
— T dp u
A method for technical assessment of power-to-heat use cases to couple local district heating and 243

electrical distribution grids, B. Leitner, E. Widl, W. Gawlik and R. Hofmann, in Energy 2019.



EXAMPLE APPLICATION:
SMART ELECTRIC BOOSTER HEATER

{m {m . .
S 2 - [z  Model predictive control
e * Increase self-consumption of PV
stk generation
| * Avoid power demand peaks
MyBE MyBE MyBE
] *  Reduce DH demand peaks
T MPC MPC MPC . .
et E = 0 - DHW storage tank as flexibility
L= =l = MPC 13 .
o = = |8 option
L =810 P
- T
Eé;‘w El\r.gg
‘ < grid-friendly MPC
4 )
M vBE
Control assessment in coupled local district heating and electrical distribution grids: Model predictive 244

control of electric booster heaters, B. Leitner, E. Widl, W. Gawlik and R. Hofmann, in Energy, 2020




EXAMPLE APPLICATION:
RESULTS

Comparison of different forecasting Reduced heat demand
methods or control implementions peaks in district heating
20001 — uncoupled | — simple — MPC-p — MPC-n |-~ excess PV 200 1.21
i E — 10 - Phigh
5 150, 150 = = g
2 - = 0.8 =
= |. £ 2 a
% 100 | | 100 Z 0.61 &
T 2 & 3
5 7 2 0.4 4
£ 50 I 50 & =
i ) ‘ ) “ H v - e [ Plow
Yy | 4 ! ] | ’ r
1 5 6 7 ' 1 2 3 4 5 6 7

Time [d] Time [d]

Control assessment in coupled local district heating and electrical distribution grids: Model predictive 245
control of electric booster heaters, B. Leitner, E. Widl, W. Gawlik and R. Hofmann, in Energy, 2020




EXAMPLE APPLICATION:
RESULTS

Increase self-consumption of Reduced heat demand
local PV generation peaks in district heating
2000 — uncoupled — simple — -p — MPC-n --- excess PV 200 1.2
.i. E = 1.0 - Phigh
5 150 F150 = = g
2 = = 08 E
T = = o
% 100 | F100 5 m? 061 %
z o 2 0.4 =
% 507 | 50 =
,.?—*:C l‘ * L .-l é 0.2 r Plow
: .

: 5] 6 :
Time [d] Time [d]

Control assessment in coupled local district heating and electrical distribution grids: Model predictive 246
control of electric booster heaters, B. Leitner, E. Widl, W. Gawlik and R. Hofmann, in Energy, 2020



AI I AUSTRIAN INSTITUTE
OF TECHNOLOGY

CO-SIMULATION APPLICATIONS

* Multi-domain simulation
» Control assessment

* Design validation

« Digital twinning

« ,What if?" analyses

« Understanding and playing around with complex systems :-)
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TOMORROW TODAY
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RESOURCES: g | | P—
OPEN-SOURCE & PROPRIETARY

District heating network model using Modelica/Dymola
- Dymola: https://www.3ds.com/de/produkte-und-services/catia/produkte/dymola/
» DisHeatLib: https://github.com/AIT-IES/DisHeatLib
« Electric distribution network model using pandapower
- pandapower: https://pandapower.readthedocs.io/
- pandapowerFMU: https://github.com/AlT-IES/pandapowerFMU
« Control implementation using Python/Pyomo
*  Python: https://www.python.org/
* Pyomo: http://www.pyomo.org/
*  FMI++ Python Interface: https://pythonhosted.org/fmipp/
« FMI-based co-simulation using FUMOLA/Ptolemy Il
FUMOLA: https://sourceforge.net/projects/fumola/
- Ptolemy IlI: https://ptolemy.berkeley.edu/ptolemyll

249
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AI I AUSTRIAN INSTITUTE
OF TECHNOLOGY

BASED ON JOURNAL PAPERS

* A method for technical assessment of power-to-heat use cases to couple local district
heating and electrical distribution grids, B. Leitner, E. Widl, W. Gawlik and R. Hofmann,
in Energy 2019.

« Combined Optimal Design and Control of Hybrid Thermal-Electrical Distribution Grids
Using Co-Simulation, E. Widl, B. Leitner, D. Basciotti, S. Henein, T. Ferhatbegovic and
R. Hofmann, in Energies 2020.

« Control assessment in coupled local district heating and electrical distribution grids:
Model predictive control of electric booster heaters, B. Leitner, E. Widl, W. Gawlik and
R. Hofmann, in Energy 2020.
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Interactive session on use cases, strengths,
weaknesses, opportunities and threats via SLIDO

1. For what application areas have you used hybrid energy network simulation or optimization tools?

Conceptualization; system planning and design; assessment / optimization of system operation; on-line analysis and fault detection; none of the above

2. What is typically the targeted size of your use cases for hybrid energy network simulations and
optimizations?
Buildings; districts / settlements; cities; regions; nations; continents

3. For what use cases have you used hybrid energy network simulation tools?

Example: "We tested a new control strategy for heat-pump pooling to increase local consumption of excess PV generation.” (Please enter complete sentences)

4. What are the most important weaknesses and threats of Hybrid Energy Network simulation and
optimization tools? What is missing? Why is their use limited? Where do you see barriers? (Please enter
keywords)

5. What are the most important strengths and opportunities of hybrid energy network simulation and
optimization tools? (Please enter keywords)
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For what application areas have you used hybrid energy network simulationor O 2 1
optimization tools?

Interactive

sSession assessment / optimization of system operation
86%

system planning and design

IO I IV IVIIIITIL, 5%

conceptualization

CITITITIITITP 9%

on-line analysis and fault detection

OCITITTILT 9%

none of the above

@ 5%
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What is typically the targeted size of your use cases for hybrid energy network 0 2 1
simulations and optimizations?

Interactive

Session districts / settlements
25%

cities

VOIIIITIIIIITIII I I Lk

buildings
TP IT T I ITITIS, 38%

regions

CIITITIP 5%

nations

IEADHC|CHP bl




~ Inter actlve session: FOr what-use cases have you !

sed hybrid twork lation tools? A
ﬁg ybrid energy network simulation tools~ g\l
Development of a control system to integrate consumers and 8. We tried to evaluate the best configuration of PV installation,
producers with increasing flexibility ambient loops and heat pumps boosters in the energy planning
2.  We built an optimization algorithm for a multi-energy production phase of new districts
system supplying the DHN of a hospital site (including heat, cool, 9. 100% renewable energy system scenarios for countries, regions and
electricity, steam production) suitable for real-time MPC cities.

3. Optimized sizing of DHC production side in a system with Operational analyses of national energy system scenarios.

aggregated loads. 10. o) optimized heating and cooling of buildings
0) operation of small-scale hybrid DH network

4. Sizing of heat pumps and decentralized heat storages in coupled
o) small heating grid operation (coupling of two networks)

thermal-electrical distribution grid.
11. Design and operation optimization as well as thermo-hydraulic

5. Evaluated adding electric boiler and thermal energy storage to
network Simulation.

biomass CHP, supplying heat to DH system
12. Used PV excess power to convert it to heating energy via heat
pumps and electric heaters
- Optimized the economical operation of a power-to-gas-plant by
additionally respecting technical boundary conditions.

6. We perform dynamic simulation of a Power-to-Heat technology for
buildings in order to evaluate the potential of the flexibility of the
building to achieve electric peak shifting

7. Simulation of heat losses resulting from different levels of thermal
insulation for the pipe network
2) Holistic analysis of the district energy system from generation to
the customers

13. Evaluating the benefits of local heating networks in reducing the
costs of power supply.

) INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
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What are the most important weaknesses and threats of Hybrid Energy ) | 2
Network simulation and optimization tools?

| nte ra ctiV < What is missing?
Why is their use limited?

Session Where do you see barriers?
(Please enter keywords)

Expertise in modelling multiple domains

data input and generation

multi sectorial expertise of users needed

multiple time-scales make simulation longer

» * o
Computationalicosts unce rta ! ntl es complex analysis of results

User friendliness

APls Complexity Connectivity

expert knowledge in multiple field is required

confidence of decision makers in results
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What are the most important strengths and opportunities of hybrid energy 015
network simulation and optimization tools?

| ntera Ctl (Please enter keywords)
session

Ability to value Customer Actions

build trust in completely new operating concepts
optimal system operation

scenarios for inputs to democratic process

Smartness what if analysis Realistic scenarios (worst-point in network)

Knowledge base Optimal sizing

e QYNEIEY oo

Efficiency what if Unlocking synergies

Holistic approach synergies between energy domains

combined planning and of different energy sectors

Eval of Various scenarios

\ SINA T TOUNA NE R a NG Y HINUL UG Y L) ADURATITUN PRUGRAIVIIV UN
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IEA DHC | CHP TOMORROW TODAY

Invitation to the Webinar on

IEA DHC Annex TS7: Industry-DHC Symbiosis

“A systemic approach for highly integrated industrial and thermal energy systems”

Friday, 30t April 2021, 12.30 to 15.30 (CET)

https://missioninnovationaustriaweek.at/events/industry-dhc-symbiosis-a-systemic-

approach-for-highly-integrated-industrial-and-thermal-energy-systems/

= im3 KONFERENZ DES
_l £ INNOVATIONSVERBUNDES
NEW ENERGY FOR INDUSTRY
NEW ENERGY

FOR INDUSTRY
2021

06.-07.05.2021
: ONLINE

g8 www.nefi.at

https://www.nefi.at/new-energy-for-industry-2021/

http://dhc2021.uk/

7th International Conference on

Smart Energy Systems

4th Generation District Heating,

Electrification, Electrofuels and
Energy Efficiency

21-22 September 2021, Copenhagen ((/‘

AALBORG UNIVERSITY
DENMARK

https://smartenergysystems.eu/
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