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Keywords
Heating and Cooling
Planning (National H&C Plans and SEAPs)
Thermal mapping (EU atlas and at local level)
Transfer of knowledge
Change on the ground / Identification of projects
Objective: bridge the gap between EU policy, national

objectives and effective actions taken at regional and
local levels
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Facts & Figures

73% of the EU population live in cities

No energy transition w/o sustainable
cities/regions

Thermal energy accounts for nearly half of the
final energy consumption in Europe today

No sustainable cities/regions w/o sustainable
thermal energy



@
& Stratego Background

Supporting policy / studies

Energy Efficiency Directive
National Heating and Cooling Plans (art. 14)

Covenant of Mayors

Sustainable Energy Action Plans

Heat Roadmap Europe studies

With a holistic approach, more efficient solutions can
be implemented
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Principles
Ambitious heating and cooling project is needed

It must be technology neutral

Link between NHCPs (EU — national level) and
SEAPs (local level) is needed

Sustainable solutions already exist but ambitious
transfer of knowledge is missing

STRATEGO is responding to these needs
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Mapping thermal needs and sources

Development of a European Thermal Atlas
Thermal needs

Thermal sources
Renewable energy
Excess heat from industry

Development of local thermal maps
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Developing sound NHCPs

December 2015 — Deadline for MS to submit
assessments of potential for efficiency in heating
and cooling

Quantify the energy efficiency potential for
heating and cooling in 5 EU countries (Croatia,
Czech Republic, Italy, Romania, and the UK)

Communicate the results and foster the
replicability
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Define priority areas for intervention

Support local authorities in taking action
Priority areas for intervention will be identified

At least 2 concrete projects will be proposed in
each of the 23 cities/regions

Business models for each of the projects will be
developed

ldentified projects should be in line with
NHCPs
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Transfer of know-how

Coaching sessions
Between learning cities and experienced cities
Between local authorities and national authorities

Replicability of the proposed solutions
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STRATEGO in figures

23 cities/regions involved

5 deep assessments of national energy
efficiency potential (CZ, HR, IT, RO and UK)

16 partners from 12 EU countries
AT, BE, CZ, DE, DK, ES, HR, IT, PL, RO, SE, UK

32 months project
From April 2014 until November 2016

One Pan-European thermal atlas
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Supporting the
development of
enhanced NHCPs

Refine Pan-Europaan

STRATEGO Activities

i - ’ C icafi d
Setion: sepporting.. @ GDestpraciceand @ cissaminaion of |
local authorities g projecie results

mapping; analysis of Deeper Quantifeation
the Heat Roadmap assessment of of the energy Informing key
Europe scenano and the coaling efficiency EU policy
mode dermand potential stakeholders
Mapping local Identification of Developing Creafing Input to local
heating and priorty areas for business ground for heating and cooling
cooling demand intervantion madels projects action plans
Warkshops for
Coaching for leaming localiregional
cifies/regions Meetings with national authorities authonties
Introductory Website, informafion cards, poster, brochures on good practices, arficles, presen- Final European
Workshop tations at third party events Warkshop

Project start

April 2014

Project end

Movember 2016
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What do we do...? (¥

Energy Planning:

* Theories, Methodologies, Tools, : ‘
Analyses, Case studies and -
Proposals l ENERGY

SYSTEMS

Three Key Approaches: S

* Energy System Analysis
— (Modelling & Mapping)

* Feasibility Studies
* Public Regulation
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http://www.heatroadmap.eu/
http://www.smartenergysystem.eu/
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INTRODUCTION TO STRATEGO WP2

Translating the Heat Roadmap Europe Methodology to Member State Level


http://www.heatroadmap.eu/

«

AALBORG UNIVERSITY
DENMARK

ECOFYS

- IamEhergu

Heat Roadmap Europe

2050 www.heatroadmap.eu

«

Aalborg University

David Connolly
Kenneth Hansen

David Drysdale

Henrik Lund

Brian Vad Mathiesen
Poul Alberg @stergaard
Steffen Nielsen

Ecofys Germany GmbH

Thosmas Boersmans
Kjell Bettgenhauser
Willemijn Pouwels
Jan Grozinger
Michelle Bosquet

PlanEnergi

Daniel Trier
Daniel Mgller

Anders Michael Odgaard
Linn Laurberg Jensen

Halmstad University

Sven Werner
Urban Persson H HALMSTAD
UNIVERSITY

Daniel Nilsson

University of Flensburg

Bernd Moller
Ole Garcia Wilke

University of Zagreb
Tomislav Novosel

Goran Krajacic¢

Neven Duic

Co-funded by the Intelligent Energy Europe
Programme of the European Union

0
<o Stratego

ENHANCED HEATING

EUROHEAT oz
& POWER @

.ADH



http://www.ecofys.com/en/
http://www.ecofys.com/en/
http://www.heatroadmap.eu/
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Three HRE Studies to Date: - G

Study 1 (2012): will district heating play a role in
the decarbonisation of the European energy
system?

HEAT RoabmAP EUROPE 2050

Study 2 (2013): what is the balance between
heat savings and heat supply at an EU level?

4 stratego
Study 3 (2015, STRATEGO WP2): what is the
balance between heat savings and heat supply
for 5 member states? o
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Heat Roadmap Europe Creates New

ool ’Mm

Methodologies
Results

Particularly for heating and cooling

20
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Our Purpose in STRATEGO WP2

Quantify the impact of energy efficiency at national level in
the heating and cooling sectors:

Czech Republic, Croatia, Italy, Romania, and the United Kingdom
What heating and cooling technologies do we need?

How much of each technology and how do these technologies
fit with the rest of the energy system?

Quantify what the impact will be
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The overall aim in STRATEGO WP2 is to develop
low-carbon heating and cooling strategies,
which are called Heat Roadmaps, and
subsequently to quantify the impact of
implementing them at a national level for five
EU Member States, which are Czech Republic,
Croatia, Italy, Romania, and the United
Kingdom.
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METHODOLOGY PRINCIPLES

1. Energy is a System, Not a Sector
2. The Heat Sector is a System, inside the Energy System

23
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AALBORG UNIVERSITY
DENMARK

Advanced energy
system analysis
computer model

Today’s Energy System

Combustion
Engines t
Fuel Storage
Mobility
Power
Exchange
A ( )
Fossil Fuel Power Plants x P Electricity
\ 4
—
Electricity
Storage
R
Cooling <4
—
R
Boilers P> Heating <

~———



« Today’s Heat Sector Ty

AALBORG UNIVERSITY computer model
DENMARK
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Advanced energy

system analysis

AALBORG UNIVERSITY computer model

DENMARK

Smart Energy System

Bioenergy Combustion ]
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* I P Fuel Storage
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Smart Energy System

e www.SmartEnergySystem.eu

 www.EnergyPLAN.eu

Rel‘!ewab’e

nart Er

Henrik Lund

Energy 42 (2012) 96102

Energy

journal homepage: www.elsevier.com/locate/energy

Contents lsts avlable at SciVerse ScienceDirect =

Review

From electricity smart grids to smart energy systems — A market operation based
approach and understanding

Henrik Lund *-*, Anders N. Andersen ", Poul Alberg Ostergaard *, Brian Vad Mathiesen®, David Connolly®

* Department of Development and Planning, Aufborg University, Vestre Havnepromenade 9, D-9000 Aalbors. Dermark
©EMD intemational, NOVI Science Park. Aafbarg, Deamark
‘ and Planning. . AC. Meyers Vienge 15, DK-2450 Copenhagen SV, Denmark

13 October 2014

Galway, Ireland

Energy [4WAW

Advanced energy
system analysis
computer model

Energy [J¥\\}

Advanced energy
system analysis
computer model

Home * Download * About * Contact m

Get Started Training Forum Models Smart Energy Systems Other Tools

Benefits
irmne Smart Energy Systems

7 l * Access to a network of global

users

* User-triendly and very fast for a
normal PC (seconds)

* Detailed hourly analyses of a
complete energy system

* Access to library of hourly data

* Long list of case studies from
various countries

* Free of charge

Book Latest News

Reneway,

* Free online training, guides,
« Nov 2014: Sign up for the Online workshops, and documentation
Workshop

1’ Free Reference Models * Facilitates third.party
developments by allowing add-on
help tools

ook launched

escription of Smart | ri"”".lﬁ?—?(ﬂﬁﬁﬁ f'.
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http://www.smartenergysystem.eu/
http://www.energyplan.eu/
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2. The Heat Sector is a System,
inside the Energy System
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AALBORG UNIVERSITY computer model

DENMARK

Resources Conversion Exchange and Demand
Storage
Engines & ]
Motors J ¥
v
Fuel Storage
N
fl [ Mobility
. uctuating .
. Electrofuels (Vehicles)
Wind etc Electricity Power )
Exchange
A )
L 4 Flexible
1 Electricity
Y Y,
Electricity
Storage
I N | CHP ] |
Fuels :
(or Quad) Heat Pump J Cooling <4
Thermal
Storage
A
: Heating <
Solar etc. | ) | Fluctuating
Heat

30



Stratego

METHODOLOGY

How do we analyse a system within a system?

31
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STRATEGO Methodology

Heat & Cooling
Demand
(HU)

Energy
Efficiency
Costs

Renewable
Energy
Resources (PE)

(Ecofys & AAU)

Alternatives

Mapping Mapping
Surplus Heat Demands & RE
(HU) (UF)

32
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Nine Background Reports

Creating National Energy Models for 2010 and 2050
Creating Hourly Profiles to Model both Demand and Lo

Ll
v Stratego

Supply
Quantifying the Cost of Heat Savings in EU Member
States -
Quantifying the Heating and Cooling Demand in Europe

e
oo Stratego

Mapping the Heating and Cooling Demand in Europe
Quantifying the Potential for District Heating and

Cooling in EU Member States — =
Quantifying the Excess Heat Available for District =

Heating in Europe i

Estimating the Renewable Energy Resources Available | =257 1

in EU Member States = e —

Mapping the Renewable Heat Resources in Europe -  steatego
33
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Dresden

Heat Demand Classes

1 km2 densities of calculated heat demand.

“Chomnitz Pécs

&
Triest < 30 TWkm2
o) St ol ¥
i fe) o Qg' &% 30 - 100 TJ/km2
i b o
| g 100 - 300 TJ/km2
Gliwic Borer /7 @ T © i = N !
- K v ) & iy swe _
O cres o > 300 Tdkm2
* el O B
(¢] \ Banis Luka i
& \ y Excess heat facilities
Sovalia \ A
X Annual excess heat velumes stated refers to maximal
S b potential, not necessarily reflecting practically recoverabile
adr © o
® N o oSlamoe volumes.
R _Sarajevo
o g oTomaia @ @ Chemical and petrochemical
_Ancona e 2
\Q"“ N @ Food and beversge
3 _Mostar i
PRI z % @ iron s s
Regensburg 4 & s i . erma
< 2 e g ol ora O Nonfemous metals
¥ 4 ’ o ) o
| e o AL - O Non-metsiiic minersis
\ i @ Feoer, pup snd prntng
Pescara _Pod
2, 2 %

#1 Fusl supply and refineries.
A Thermal Powsr Generstion - Waste-to-Energy

Czech Republic Croatia A Themsl Poser Generation - Autoprodser

A Themal Power Generation - Main activity

Miskole o o
OLyubban Pé SNyireayh: k ]
® (gZagreb : s st Balti oy
& S e N
R X

oBanjs Luka

.wm-un
4 i i G i
s . Twoac
~5) ‘\p;mgen. b @ i o .
T om, o g
Eacl : e W e ‘
% Gl B y S Gfeses >
9 ~ 7 Medis
% 4 H Alba iy © " vz
R Ll b
B e oy Deva @/ QCanut \
= ‘é\ - ok S ) s
O] Nay Bari & £ - ey
; A
i e
£
Belgrade 3
o{Beorpa)
@&
N
Kragujevac !
| (Kpacylons) 2
e R e w0 e
‘%’ o P 1 - : Dobn..
SO o | (G e +{RoBPHY) .

Italy Romania United Kingdom 34



http://www.heatroadmap.eu/

Combine Inputs in Modelling

Mapping

Renewable
Energy
Potentials

Energy
Savings
Potentials
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EnergyPLAN: Version 12

Energy [ WA\

L LrerayPLAN 125 Startdata

Advanced energy
@

system analysis
computer model

Hourly Modelling of Electricity, Heating, Cooling, Industry, and Transport

Energy System Analysis Tool
{

| : * Over 1000 Registered Users
T [l e |
e pare | | | 2 | |

across more than 100 countries
" gmm * Lots of free training provided:
= LhEE “"" =1 || = m‘ — Exercises with solutions
= e — FAQGs
= = = melip— — Forum
—Members Map . [15® >5@ >10@ )20,,,J

— Quarterly online workshops
— User Manual

 Can be used to model any
national energy system
| ¢ Freeware software
1273.‘1@



http://www.energyplan.eu/

Our Philosophy

® Where will we end up, rather than
where should we start: 2050 Analysis

@ The future will require radical
technological change: EnergyPLAN

]
@ All sectors of the energy system will
need to ne connected: EnergyPLAN

Consequences for a

Variety of Alternatives
' Account for the intermittency of

o
renewables such as wind: Hourly
Analysis

@ Free from existing market regulations
Socio-Economic Analysis

37
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Existing Models

* Croatia
 China

* (Czech Republic
e Denmark

* Hungary

* Ireland

e ltaly

* Latvia

* Macedonia

* Mexico

* New Zealand

* Norway

* Romania
 Sweden

* United Kingdom

Energy [4¥A\

Existing EnergyPLAN Models s

computer model

www.EnergyPLAN.eu/models

Energy PLAN Home * Download * About * Contact m

Advanced energy
system analysis

computer model GetStarted ~ Training  Forum Smart Energy Systems  Other Tools

Models
If you experience further challenges using

Here you can download a selection of national energy models which have been the model that are not answered in any one
created in the EnergyPLAN tool. You can use these to start performing an energy of pages at the site, you are more than
systems analysis of your own. Many other models have been developed, which you :,‘:Fome in.contact usiand e willuy/io
can read about under Case Studies. CIRYOU
If you have created a model of your country in EnergyPLAN, then please contact
us and we will add it to the list below.
China Download Model J

\

Download the latest version and get
= 2010 Model started right away!
= 2020 Model
= 2030 Model

= Contact: Weiming Xiong (xwm11@mails.tsinghua.edu.cn)

Croatia

= 2010 Model (Coming Soon) B{':ewab,%
= Contact: Neven Duic (neven.duic@fsb.hr), University of Zagreb e

¥ Syare

Denmark

= 2010 Model
= Contact: Brian Vad Mathiesen (bvm@plan.aau.dk)
= Aalborg University

Hungary

= 2011 Model Heerk Lund

= Contact: Fanni Safian (safian@energiaklub.hu)

= Energiaklub Climate Policy Institute and Applied Communications; E6tvos Lorand
University

June 2014
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Starting Point
(2010)

Modelling Steps

Results
Forecast for Energy

the Future Efficiency (Energy,

(BAU 2050) Environment,
Economy)

Alternatives

* Extra Heat Savings
* Extra District Heating
» Different Individual Heating Options

39



Modelling Steps for Each Country in STRATEGO
(i.e. Alternatives in STRATEGO)

2010 historical model (Calibration)

2050 business-as-usual scenario based on the latest
European Commission forecasts

ADD: Heat savings

COMPARE: Gas and water (i.e. district heating)
networks

COMPARE: Qil boilers, Biomass boilers, heat pumps,
electric heating

ADD: Geothermal, waste incineration, excess industrial
heat, large-scale solar thermal

ADD: Large heat pumps, electric boilers

OPTIMISE: Synergies in the new efficient heat sector

COMPARE: Individual and District Cooling for the
services sector in urban areas



What Should
We Measure?

\\\\\\\\

* Energy (Primary Energy Supply)
* Environment (Carbon Emissions)
 Economy (Total Annual Energy System Costs)
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RESULTS
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Final Levels of Each Energy Efficiency Measure in the

Low-Carbon Heating and Cooling Strategies

District Heat Supply
from Renewable
Heat & Excess Heat*

Individual Heating

Heat Roadmaps Heat Savings District Heatin
- : & Technology

Reduction as a % of Total Heat

% of District Heat
Percentage of the BAU Demand after Heat Primary Technology o OTLIStrict Hea

2050 Heat Demand Savings (vs. % today) Production
Czech Republic 40% 40% (25%) Heat pumps are 65%
recommended as
Croatia 40% 40% (15%) the primary 45%

technology with

small shares for

I I (o) (o) (o) 4 (o)
taly 30% 60% (<5%) biomass boilers, and 0%

solar thermal. The

Romania 50% 40% (20%) e (i ofF ek 50%
technology is not
United Kingdom 40% 70% (<5%) optimised. 45%

. . 43
*Doesn’t include excess heat from thermal power plants or thermal boilers.




<% Stratego Change in HR Scenarios

Heat Roadmap Scenario in 2050 Compared to a Business-As-Usual Energy System for the Year 2050

Czech Republic ®Croatia M®Italy HBRomania M United Kingdom

0%
: 110D
-20%
-30%
-40%

-50%

-60%

Change for the Heating, Cooling, and Electricity Sectors

-70%

-80%
Primary Energy Supply Carbon Dioxide Emissions Total Annual Costs
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Y Stratego Changes for Heating, Cooling, and Electricity

Heating, Cooling

and Electricity Economy
Sectors Only

Change in Energy

Heat Roadmap vs. Change in Primar Change in Carbon
P & Y & System Costs

BAU 2050 E Suppl Dioxid
NETEY >UPPYY oxiae (excludes vehicle costs)
Billion
TWh % Mt % %
“ fyear ’ /year ° €/year °
Czech Republic -109 -30% -35 -73% -3 -14%

-380 -32% -101 -46% -13 -13%
United Kingdom -444 -35% -109 -49% -15 -14%

All Five Countries -1069 -34% -286 -52% -35 -14% .5
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In total, the energy demand is reduced by ~1000
TWh/year if the Heat Roadmap scenarios are
implemented in all five STRATEGO countries, which is the
same as all of the energy required today in the Czech
Republic, Croatia, and Romania combined.

Similarly, the combined reductions in carbon dioxide
emissions of almost 300 Mt/year is more than all of the
carbon dioxide emissions emitted from the Czech
Republic, Croatia, and Romania today (which is ~225
Mt/year).
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Energy Efficiency
Investments

Heat Savings

~€600 Billion

District
Heating
~€275 Billion

Individual
Heat Pumps
~€225 Billion

7

Main Results for WP2

All Five
STRATEGO
Countries

Total Additional
Energy Efficiency
Investments
Between 2010 &
2050

~€1.1 Trillion

Stratego

ENHANCED HEATING
& COOLING PLANS

Annual Change for
Heating, Cooling, &
Electricity Sectors

47



Total Investments vs. Today
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Status of Some Key Technologies in the Heat Roadmap Compared to the Ref 2010 Scenario
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Heat savings should begin today and be strongly supported to the point
where their total heat demand is reduced to 60-90 kWh/m?2

In existing buildings while they are undergoing other refurbishments and in new
buildings,
Share of district heating can be expanded significantly in all countries

Urban Areas

Electric heat pumps are the most sustainable option for individual heating

Rural Areas

In all the countries there are large amounts of renewable and excess heat
available, but there is a limited supply of renewable electricity, while there is
likely to be a shortfall of biomass if the aim is to decarbonise the entire
energy system.

The results are extremely sensitive to cost assumptions, but the conclusions
are very robust



O Key Recommendations

Everywhere Urban Rural Areas
Areas

Primarily Electric
Heat Pumps

District Heating

Heat Savings Networks

Smaller Shares of
Solar Thermal &
Biomass Boilers

Balance Savings vs. High Heat Density

Supply Areas

Remaining 30-60%
of the Heat
Demand

30-50% Total Supply 40-70% of
Reduction the Heat Demand

50
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DETAILED DISCUSSION ABOUT THE
KEY DECISIONS FOR HEATING
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3 options for the Heat Sector
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3 options for the Heat Sector

1. Savings

= Reduce our
demand for heat:

= Space heating
- Hot water

53
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How much Heat should we Save?

We should implement heat savings until the
price of sustainable supply is less than the
marginal price of additional savings

Cost of
Heat
Savings
(€/kWh)

Amount of Savings (TWh)
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How much Heat should we Save?

We should implement heat savings until the
price of sustainable supply is less than the
marginal price of additional savings

Cost of

Heat Cost of
Savings APP'V"‘% Heat
(€/kWh) _/

Amount of Savings (TWh)

55



e
& Stratego

How much Heat should we Save?

We should implement heat savings until the
price of sustainable supply is less than the
marginal price of additional savings

ENGVATIO
TRACKS
e C o St Of
= Heat Cost of
= Savings Applymg Heat
ol = D —
fi

Amount of Savings (TWh)
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Same Recommendation, but
Different Numbers Reported

Eurima Deep Renovation says:
“Final Energy ~75%"

* Energy Going into the

Heating Unit

10 Units
of Fuel

—

Eurima and Heat Roadmap Europe says
“Heat Demand Reduction up 50%”

(

RIENGVATION
TRACKS

\_

Hypothetical
Boiler with an

Efficiency of 90%

\

J

—

Heat Coming Out of the
Heating Unit

9 Units
of Heat

REl

Building renovation in

{OVATION
KS

Byl
| B
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3 options for the Heat Sector

1. Savings 2. Urban Areas 3. Rural Areas
= Reduce our Share a heating Use a heating
demand for heat: network: unit in each
= Space heating Gas Grid building:

= Hot water Water (i.e. O
district heating) Blomass
Heat Pumps

Electric Heating

30-50%
Marginal

58
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3 options for the Heat Sector

1. Savings 2. Urban Areas 3. Rural Areas
= Reduce our Share a heating Use a heating
demand for heat: network: unit in each
= Space heating Gas Grid building:

= Hot water Water (i.e. O
district heating) Blomass
Heat Pumps

Electric Heating

30-50%
Marginal
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1. Northern Europe needs heating and southern
Europe needs cooling

2. District Heating is a Local Solution for a Local Problem

3. District Heating is Expensive

4. Heat savings will remove the need for heat supply
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1. Northern Europe needs
heating and southern Europe
needs cooling




European
Heating
Index

(Source: ecoheatcool)
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Heating

Index

(Source: ecoheatcool)

+/- 20%
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HRE Heat Atlas at a Local Level

////} Actual DH areas

Heat density by focal mean
Mean [TJ/km2]
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1 Strategic Heat Synergy Regions

by category
B Expansion [..""] consolidation EU27
New Development :] Qut-of-scope Non EU27

I Refurbishment
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Surplus Heat in Different MS

NUTS3 regions (N3R) in EU27 Member States (MS), all in study (left), all with excess heat ratio (right) by population (P), heat demand (HD), primary energy supply (PES), and
excess heat (EH). Excess heat specified by sectors: Thermal power (TP), Waste-to-Energy (WTE), and Industrial (Ind). Energy volumes in P]/a. Population in millions.

MS EU27 EU27 with excess heat ratio value =0
N3R P HD N3R P HD PES EH P WIE Ind
AT 35 8.4 261 20 64 200 456 167 63 21 84
BE 44 10.8 353 32 95 3n 805 313 157 17 138
Bl 29 10 71 12 57 o4 3879 120 1687 n 19
Table 7

NUTS3 regions (N3R) in EU27 Member States (MS), all in study (left), all with excess heat ratio (right) by population (P), heat demand (HD), primary energy supply (PES), and
excess heat (EH). Excess heat specified by sectors: Thermal power (TP), Waste-to-Energy (WTE), and Industrial (Ind). Energy volumes in PJ/a. Population in millions.

MS EU27 EU27 with excess heat ratio value =0
N3R P HD N3R P HD PES EH P WTE Ind

AT 35 8.4 261 20 6.4 200 456 167 63 21 84
LT 10 3.3 66 4 20 41 100 42 21 0 21

LU 1 0.5 22 1 05 22 35 13 8 1 4

v 6 22 64 2 10 28 13 4 2 0 2

MT 2 0.4 2 1 04 2 25 13 13 0 0

NL 40 16.6 549 27 1311 433 1348 583 366 46 171

PL &6 38.2 835 56 331 724 2171 975 309 0 165

PT 28 101 92 16 81 72 373 147 76 10 61

RO 42 215 294 28 16.0 217 613 252 177 0 75

SE 21 9.3 302 21 93 302 594 217 82 30 106

sI 12 2.0 46 6 13 30 81 37 k! 0 3

SK 8 5.4 120 7 49 108 258 90 41 1 48

UK 139 61.9 1450 82 403 944 3229 1477 1140 40 297

Total 1281 496.6 11,724 834 4024 9453 26,123 11,274 7842 508 2924

Share (%) 100 100 100 65 81 81 100 100 70 4 26

Please cite this article as: Persson, U., et al., Heat Roadmap Europe: Identifying strategic heat synergy regions. Energy Policy (2014),
http://dx.doi.org/10.1016/j.enpol.2014.07.015
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GIS Mapping:

Heating and M@Fﬁfﬂ@a‘ts Sou rcﬁ_

Power and Heat Generation

Waste Incineration
Industrial waste heat potential
Geothermal heat

Solar Thermal
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Bioenergy Potential




Interactive Online Map
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2. District Heating is a Local
Solution for a Local Problem




Today’s Heat Sector

Resources Conversion Exchange and Demand
) Storage

Engines J

Mobility
Power
Exchange

A

\4

Electricity

Heat-Only )

Boilers J Heating <4

Fuels Power Plants [ Cooling <4

system analysis
computer model AALBORG UNIVERSITY
DENMARK

Energy [N ((‘
Advanced energy 72



The New Heat Sector

Resources Conversion Exchange and Demand
Storage
Engines & ]
Motors J ¥
\ 4
Fuel Storage
N
fl [ Mobility
. uctuating . :
. Synthetic Fuel (Vehicles)
Wind etc Electricity Y Power )
Exchange
A )
L 4 Flexible
1 Electricity
Y Y,
Electricity
Storage
CHP ]
Fuels :
| | (or Quad) AT J { Cooling <4+
Thermal
Storage
A
: Heating <
Solar etc. FIucI:_;cuatmg
eat Energy (A ((‘
Advanced energy
system analysis
computer model AALBORG UNIVERSITY
DENMARK




Integrating 40% Wind Power with District Heating

Resources Conversion Relocation Exchange and Demand

Storage
Engines & ]
Motors J +

\ 4
Fuel Storage
4 N\
Mobility
Synthetic Fuel Power X (Vehicles) )
Exchange
A 4 N\
L 4 Flexible
1 o Electricity
A 4 \_ Y,
Electricity
Storage
*[ Cooling J{—

Fuels CHP
(or Quad)

»-+

«

AALBORG UNIVERSITY
DENMARK

Advanced energy
system analysis
computer model
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* Energy [HWA)\}



Denmark

Skagen District Heating, Thursday, 2010-05-13 to Wednesday, 2010-05-19

Price (DKK/MWh)

o

Heat (MWh)
o 8 88 888

0003060912151821000306091215182100030609121518210003060912151821000306091215182100030609121518210003060912151821
May 13 May 14 May 15 May 18 May 17 May 18 May 19
Time

-
«n

™
"W

(M) 1891

~ Spot price
~— Ragulating power price, Up
Regulating power price, Down
- Heat consumption
& CHP1
CHP 2
CHP 3
+ El-boiler
& Ext heat delivery
& Gas-boiler
— Storage content
~ Storage capacity

THE EUROPEAN UNION
The European Regone
Dovoroprront Fundg

Investing in your future

mmmm
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Sustainable: Flexible, so more Solar
(Marstal: >50% solar in heat supply)
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Storage Costs

@ Electricity = €170/kWh

®Thermal = €0.5-3/kWh

nW'a' rmespeicher Ty,

i

L i
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AALBORG UNIVERSITY
DENMARK

EnergyPLAN: Version 12

Energy [ WA\

L LrerayPLAN 125 Startdata

Advanced energy
@

system analysis
computer model

Hourly Modelling of Electricity, Heating, Cooling, Industry, and Transport

Energy System Analysis Tool
{

| : * Over 1000 Registered Users
T [l e |
e pare | | | 2 | |

across more than 100 countries
" gmm * Lots of free training provided:
= LhEE “"" =1 || = m‘ — Exercises with solutions
= e — FAQGs
= = = melip— — Forum
—Members Map . [15® >5@ >10@ )20,,,J

— Quarterly online workshops
— User Manual

 Can be used to model any
national energy system
| ¢ Freeware software
1273.‘1@



http://www.energyplan.eu/

3. District Heating is Expensive
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3 options for the Heat Sector

1. Savings 2. Urban Areas 3. Rural Areas
= Reduce our Share a heating Use a heating
demand for heat: network: unit in each
= Space heating Gas Grid building:

= Hot water Water (i.e. O
district heating) Blomass
Heat Pumps

Electric Heating

30-50%
Marginal
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Gas Grid
High quality energy for a low quality demand

Gasified
Biomass
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District Heating
Low quality energy for a low quality demand

Power
| Plants |
\
\—/

Boilers )

Heat
Pumps o o
N 4 District

Waste
Incin-
\ eration /|

o

Heating

Geo- Biofuel
thermal J Plants )

Solar Hydroge
Thermal J \ nPlants )
..\\—/}; l‘\ v
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The Current Situation

~
o

(o))
o

B Non-specified

B Non-energy use
L B Transport
W Electricity
M Heat for Industry
Heat for Buildings
Primary Energy Final Consumption End Use
Supply

Ul
o

w
o

N
o

=
o

Energy Balance for the EU27 in 2010 (EJ)
N
o

o
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::.‘ Stratego District Heating Analysis

GIS Mapping Energy System Modelling
(could be another technology, resource, etc) (EnergyPLAN)

BAU
(References)

District Heating
Demands

District Heating
Alternatives

District Heating
Resources

Results (PES,
CO2, Costs)
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HRE2: Key Conclusion

A combination of:
50% District Heating (Cities)
50% Heat Pumps (Rural Areas)
35% Energy Savings (Everywhere)

Can enable the EU to reach its CO2 target in
2050 for than energy
savings on their own.



4. Heat savings will remove the
need for heat supply

23 June 2015



How much Heat should we Save?

We should implement heat savings until the
price of sustainable supply is less than the
marginal price of additional savings

Cost of
Heat
Savings
(€/kWh)

Amount of Savings (TWh)



How much Heat should we Save?

We should implement heat savings until the
price of sustainable supply is less than the
marginal price of additional savings

Cost of

Heat Cost of
Savings Supplying Heat
(€/kWh)

Amount of Savings (TWh)



How much Heat should we Save?

We should implement heat savings until the
price of sustainable supply is less than the
marginal price of additional savings

RIENGVATION
TRACKS ——
e Cost of
el > Heat / Cost of
@ . ;
Savings Supplying Heat

110 1_ € ngh 44444 i{iEsﬂHeating

L = | | W&/KWh) | 7 e sy s

L

B Amount of Savings (TWh)



22 Heat Roadmap Europe

1. District Heating is not only for Cold Parts of Europe
2. District Heating is a Local Solution for an EU Problem
3. District Heating can reduce the cost of energy in the EU

4. Heat savings will not remove the need for heat supply
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3 options for the Heat Sector

1. Savings 2. Urban Areas 3. Rural Areas
= Reduce our Share a heating Use a heating
demand for heat: network: unit in each
= Space heating Gas Grid building:

= Hot water Water (i.e. O
district heating) Blomass
Heat Pumps

Electric Heating

30-50%
Marginal
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3. Individual Heating Options

Sustainable

Heating Unit Efficient Cost Sensitivity
Resources

Electric Heating @ @ @

Heat Pumps

Qil Boilers

Biomass Boilers

®» | @ | ©
oD
oD
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3. Individual Heating Options

Sustainable

Heating Unit Efficient Cost Sensitivity
Resources

Electric Heating @ @ ®

Heat Pumps

Qil Boilers

Biomass Boilers

® | @ | ©
oD
oD
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3 options for the Heat Sector

1. Savings 2. Urban Areas 3. Rural Areas
= Reduce our Share a heating Use a heating
demand for heat: network: unit in each
= Space heating Gas Grid building:

= Hot water Water (i.e. O
district heating) Blomass
Heat Pumps

Electric Heating

30-50%
Marginal
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Conclusions: Heat Sector
Savings:

There is an economic balance between reducing heat and

supplying heat

30-50% heat savings is a good proxy for the economic limit
of heat savings

Individual: Heat pumps are the most suitable
individual heating solution in a 100% renewable
context

Networks/Urban: District heating is the most suitable
urban heating in a 100% renewable energy context
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COOLING



EU Cooling Demand
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ample Cooling Atlas from STRATEGO: London

22 Heat Roadmap Europe

Peta, The Pan-European Thermal Atlas for the United Kingdom
2050 Disclaimer: The data provided on this website is indicative and for research purposes only. No responsibility is taken for the accuracy of included figures or for using

them for unintended purposes.
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http://www.heatroadmap.eu/
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District Cooling in Europe

ANNUAL CO2 SAVINGS
DUE TO DISTRICT COOLING sk

in 2010 25,000 t of CO;
- in 2020 60,000 t of CO,

m‘* 123,000 ¢ of €0,
)tof CO

178,500 t of CO,
55, u 00 f CO.

b2 Amsterdam |

13,000 t of CO,
45,000 t of CO;

£ Paris |

62,400 t of CO,

9.500 t of CO,
61,000 t of CO;

* Barcelona

10,800 t
25 ?POI)CO

euroheat.org
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Demand

Very Small
(~10% of heat

demand with only

CY, MA, & GR >30%)

( )

So, Currently a Local

Issue

\ J

Key Finding for the
Cooling Seeter——

Future
Demand
4 N
Could Grow a Lot
(Up to ~40% of heat
demand with max
of 140%)
. )
4 N
So, Potential

National/EU Issue

Danfoss, Nordborg
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Stratego Cooling Demand is Much Lower

CZ WHR mIT mRO mUK
80%
70%
60%

50%
40%
30%
. | - |

% of Current Heat % of HR 2050 Heat % of Current Heat % of HR 2050 Heat
Demand Demand Demand Demand

Current Cooling Demand Max Potential Cooling Demand
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Today, the cooling demand is too small to have a major
influence at national level

However, implementing district cooling is likely to have
a positive impact at the local level

If buildings meet their cooling needs in the future, then
the cooling sector will start influencing the national
energy system

More research is required to identify an optimal level

of district cooling: mapping and local modelling is most
urgent in the short term
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CONCLUSIONS AND
RECOMMENDATIONS
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STRATEGO WP2: Aim and Conclusion

AIM:

The overall aim in STRATEGO WP2 is to develop low-carbon heating
and cooling strategies, which are called Heat Roadmaps, and
subsequently to quantify the impact of implementing them at a
national level for five EU Member States, which are Czech Republic,
Croatia, Italy, Romania, and the United Kingdom.

CONCLUSION:

The overall conclusion is that a combination of energy efficiency
measures, in the form of heat savings, district heating in the urban
areas, and heat pumps in the rural areas, reduces the energy system
costs, energy demand, and carbon dioxide emissions in all five
STRATEGO countries for the year 2050 compared to a ‘Business-As-
Usual’ projection.
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Recommendations

21 Recommendations in the Main Report,
divided by:

Heat Savings

Heat Networks in Urban Areas
Individual Heating in Rural Areas
Cooling

Resources

Methodology and Tools



Heat Savings

District Heating

Heat Pumps
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Avoiding the Grey Area

Grey Area
Mo .

We n.eed.a 30-50% Should it be 35%, Start now by aiming for

reduction in the total one target e.g. 40%

40%, 45%7? .
heat demand reduction
Weneedtogotom  MIEESONERS St now i e
~10% to ~50% of the heat .
an individual waste heat, progress
demand :

solution? outwards to rural areas

Start with any building
Same as district  that is far away from 1)

LS N heating and easy access to biomass
<10% to ~50% of the heat iz i, Y
where is biomass  and 2) an urban area,
demand .
more suitable progress towards the

cities
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Specific Map & Summary Report

Available for Each Country
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4th Generation District Heating @NP  curope 2050
Technologies and Systems
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How can we use this knowledge?
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Visit our website for more information

Stratego

www.strategto-project.eu o
www.heatroadmap.eu R
@STRATEGOproject
david@plan.aau.dk
@dconnollyAAU

Co-funded by the Intelligent Energy Europe 22 H ea t Roa d m a p E U I'O p e

Programme of the European Union
2050
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