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Agenda...

Main point of today:

Present results at the coming
4DH Consortium meeting ..

Recent development:

- Smart energy definitions
- 4DH definition paper..
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Main point

Next consortium meeting
Is allocated for presentin
research results
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Among others:
 Heat Roadmap Europe
« Heat savings (ZEB project)
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Strategic
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PhD projects

Research Centre for 4th Generation 4 D H

4th Generation District Heating
Technologies and Systems

istrict Heating Technologies and Systems

PhD 1.1. Heating of existing buildings byNow-temperature district heatin
PhD 1.2. Supply of domestic hot water at comfort temperatures without Llegionella

PhD 1.3. Conversion of existing district heating grids to low-temperature operation and
extension to new areas of buildings

PhD 1.4 Minimising losses in the DH distribution grid

Ph.D. 2.1: Energy Scenarios for Denmark
Ph.D. 2.2 Thermal storage in district heating system ﬁ wm
Ph.D. 2.3 Distributed CHP-plants optimized across more electricity markets o E
Ph.D. 2.4 Low-temperature energy sources for district heating |/ = = = 3
Ph.D. 2.5 The role of district heating in the Chinese energy system :

PhD 3.1: Strategic energy planning in a municipal and legal perspective

PhD 3.2: Price regulation, tariff models and ownership as elements of strategic energy planning
PhD 3.3: Geographical representations of heat demand, efficiengy and supply

PhD 3.4: Geographical representations of renewable energy systems



What and
who are 4DH?

« Strategic Research Centre
financed by the Danish
Research Council and the

partners

* Universities and Industry
Including manufactories,
consultants and DH companies

» International partners
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Appendix B: Project description

Strategic Research Centre for

4th Generation District Heating
Technologies and Systems (4DH)

Private partners

RAMBGLL

District heating
companies
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Aim and Objectives

4th Generation District Heating

The Aim is to assist in the.development of 4th Generation
District Heating Technologies and Systems (4GDH).

Objectives: |
- Scientific platform for research activities

- Societal understanding of the role of District Heating
- Further additional national and international projects
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- Status and administrative [ e
meetings (4DH Participants)

grids and production and planning and
components system integration im plem entation
‘ Tasks | ‘ Tasks | ‘ Tasks ‘

6-year project (2012-2017)
with on-going dissemination.

Administrative and
4GDH concept (WP0)

District Heating Production and
System Integration (WP2)

District Heating Grids and
Components (WP1)

- House installation, pipes, pumps,

DH production and integration
heat exchangers 4 8

into electricity markets

- Low-temperature distribution

- The role of DH in national energy
concepts

systems

District Heating Planning and
Implementation (WP3)

- Heat atlas and GIS planning tools

PhD courses and seminars
International collaboration
Consortium activities

Dissemination

- Institutions and Public Regulation
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HEAT ROADMAP 4 D H

[P EUROPE 2050
Publications 4th Generation District Heating

Technologies and Systems

Bent Ole Gram Mortensen: Fernvarme — en monopolsektor i konkurrence. Artikel i Festskrift til Jens Feje,
Jurist og @konomforbundets Forlag, 2012, 5. 299-310, ISBN 978-87-574-2573-4. FiRST PRE-STUDY FOR THE EU27

Bent Ole Gram Mortensen: Status quo vedrerende forblivelsespligt. Artikel i Tidsskrift for Milia, Magnus
Informatik, 4/2012, 5. 102-105 (TfM 2012, 45}, ISSN 1603-8398.

Bent Ole Gram Mortensen: Fjernkgling i lan-Erik Helenelund, llpo Luoto, Niina Mantyla og Kristian Sikavirta |
(red.): Offentlig — privat; i hurudana strukturer? Festskrift til Eila Makinen, Universitas Wasaensis (Finland), o
Acta Wasaensia No 265, 5. 452-467, 2012, ISBN 978-952-476-408-7.

Aalborg University
David Connolly, Brian Vad Mathiesen, Poul Alberg @stergaard, Bernd Maller, Steffen Nielsen, Henrik Lund,

& Oavia Connally
Daniel Trier, Urban Persson, Daniel Nilsson & Sven Werner: Heat Roadmap Europe 2050. First pre-study for Srisn Vac Mathicsen
EU27. Performed by Aalborg University and Halmstad University for Eurcheat & Power, Brussels 2012. Poul Alerg $atergasrd
- . . Serma msrer
Link to report Link to further rary ou il
Henik Lung
Lund, H. Andersen, A N. @stergad
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96-102, June 2012
Bernd Maller, Steffen Nilsen and H
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Dublin City University, Ireland HNENETE!
- ) Frede Huelplund: From smart electricity systems to smart energy systems (The subsidiarity principle, local o
Bernd Maller: A Danish Heat Atig hip and wind povver August 2012, Salzburg Austria.
Bernd Mller, Steffen Nielsen and Karl Sperling: A SOLAR ATLAS FOR BUILDING-INTEGRATED o I
PHOTOVOLTAIC ELECTRICITY RESOURCE ASSESSMENT. Paper presented at the SEEP conference, June 5-8,
2012, Dublin City University, Irefand. This paper won the Award for Best Presentation. - Contnts 3 vl ble st Slfee S epechiest. m
(OB Energy
Bernd Moller: A Danish Heat Atlas, or how existing public databases can be used for energy planning. Paper &P 2
presented at the Climate change adaptation workshop, 20-21 March 2012, Aalborg. ELSEVIER Jousmal bomepane: www. dsevier.comllosstsleseray. =
. Reu
Bent Ole Gram Mortensen: Regulatoriske rammer for fiemksling. Prasentation den 8. marts 2012 p3 - . . .
. ) Afvilet overi From electricity smart grids to smart energy systems — A market operation based
semmarom et over approach and understanding
Bent Ole Gram Mortensen: Den specielle konkurrenceret og forsyningsvirksomhed — fjernvarme som case. Henrik Lund ", Anders N. Andersen, Poul Alberg Ostergaard”, Brian Vad Mathiesen*, David Connolly®
Prasentation den 4. september 2012 p3 frokostseminar, Centre for European Studies (CESEL) ved Juridisk D e e
Fakultet ved Kgbenhauns Universitet. -
Henrik Lund: From Smart Electricity Grids to Smart Energy Systems. Keynote at 3rd International = Cl
G G v Problems of Thermal Engi (CPOTE 2012), Institute of Thermal s are = . e
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Eremins 1 1 e s 5. e o o i AL e
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Henrik Lund: Heat Roadmap Europe 2050, Presentation and panel debate at the 13th International =
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Smart Grid(2005) iD

4th Generation District Heating
Technologies and Systems

No definition.

Toward a

However it can be understood |
Smart GrE™

from the context that a smart gri
IS a power network using modern
computer and communication
technology to achieve a network
which can better deal with
potential failures.
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Smart Grid - definitions

European Sma rtGridS
Téchnology Platform

International
° Energy Agency

1ea’
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“A smart gri
technology to

(s an electricity grid that uses informationm and communications
ther and act on information, such as jnformation about the
behaviors of suppliers and consumers, in an automatgd fashion to improve the
efficiency, reliabilityy, economics, and sustainability of(the production and
distribution of electricity.” (U.S. Department of Energy)

“Smart Grids ... concerns an electricity network that/can intelligently integrate
the actions of all users coNnected to it - generators,/consumers and those that
do both - in order to efficiently deliver sustainable, ¢conomic and secure
electricity supplies.” (SmartGxids European Technglogy Platform, 2006).

“A Smart Grid is an electricity ngtwork that can cagst efficiently integrate the
behaviour and actions of all userg connected to if — generators, consumers and
those that do both — in order to ensure economigally efficient, sustainable
power system with low losses and Righ levels of quality and security of supply
and safety.” (European Commissiony 2011)

“Smart grids are networks that monit nage the transport of electricity
from all generation sources to meet thg varying electricity demands of end
users” .... “The widespread deployment\of synart grids is crucial to achieving a
more secure and sustainable energy futyre/ (International Energy Agency
2013).
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Smairt he
cooling grid

* In the European Commission’s strategy
[7] for a competitive, sustaable and
secure “Energy 20207, the need for “high
efficiency cogeneration, district heating
and cooling” is highlighted (page 8). Th
paper launches projects to promote,
among others, “smart electricity gvids”
along with “smart heating and cooling
grids” (page 16).

«
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Renewab/
A N

Smart Epnergy Systems

« Smart Electricity Grids are electricity\infrastructures that can/intelligently

integrate the actions of all users connected to it - generators, ¢consumers and

thoneco that dn hoth - in arder tn afficientlv

alivar clictainahle acanamic and

Smart Energy System is defined as an approach in which smart
Electricity, Thermal and Gas Grids are combined and coordinated to
identify synergies between them in order to achieve an optimal solution
for each individual sector as well as for the overall energy system.

DTTTATN T OO0 OPTTUY e guo MTTNITAaotiruautuT OO 0T oo T T TTOy MMITCYTaAatT aTe

actions of all users connected to it - supplies, consnerg and those that do both

- in order to efficiently deliver sustainable, economic\angd secure gas supplies
and storage.
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Review Paper for ENER.GY — The Intemational Joumal.

4th Generation District Heating (4GDH)
Integrating Smart Thermal Grids into Future Sustainable Energy Systems

Henrik Lund**, Sven Werner ®, Robin Wiltshire ¢, Svend Svendsen €, Jan Eric
Thorsen ¢, Frede Hvelplund®, Brian Vad Mathiesen?

= Departmentaf Develgpmenrand Plamng daBorg Unversiy, Fese Honepmmenads § DE- Fm.iaaavg Denmari

2 School af Business and Engineering, Halmsrad University, PO Bax 513, SE-301 15 Halmurad Sw

= Buflding Research Establishment (BRE], Bucknaiiz Lane, Wagford FD25 6XX UK

2 Department af Civil Eng meering, Tecinical Universiy gf Demmark, Brovgl Buliding 175 DE-2500 Kg=. Lunghy, Denmark
= Daqufazs District Energy, DE-6430 Mardbare, Denmark

£ Department of Developmenr and Planning, dalborg Universin, 4.C. Meyers Fenge 15, DE-1430 Copeniagen 5F,

Denmark

ABETRACT

Thiz paper defines the concept of 4th Generation District Heating (4GDH) including the
relations to Disirict Cooling and the concepts of Smart Energy and Smart Thermal Grids. The
motive 15 to identify the future challenges of reaching 2 future renswable non-fossil heat
supply 2z part of the implementstion of overall sustzinzble emergy svstems. The basie
assumption is that district heating and cooling has an important role to play i fumre
sustamable emergy systems - mcludmg 100 percent remewable emergy systems - but the
present gemeration of district heating =md coeling technologies will have to be de‘eluped
further into a new generation m order to play such a role. Unlike the first three generations,
the development of 4GDH mvelves mesting the challenge of more ensrgy efficient buildngs
2z well a5 being an integrated part of the operation of smart energy systems, i integrated
smart electricity, gas and thermal grids.

Eaywords: 4GDH, District Haating, Smart Tharmal Grids, Smart Enersv Svstems, Sustainabls Enersv
Swstams Fanevwablz Ensrzy Swstams.

1. Introduction

The design of future sustsinzble energy systems including 100 percent renewsble systems is
described m 2 mumber of recent reports and studies mclud.lnE [1-6]. Such systems are
typically based on 2 combinztion of fluctusting renewshle energy sources (RES) such as
wind, geothermal and solar power together with residual resources such as waste and biomass
on which we may expect mcressmg pressure due to environmentsl mmpact and future
altenative demands for food znd materizl For example, biomass resources in Europe are
smzll compared to the European energy balance [7]. In order to sase the pressure on biomass

" (omesponsting auher. E-mail addess: lund@plan s dk

ENERSY



http://www.sciencedirect.com/science/journal/03605442

Figure 1: lustration of\the concept of 4" Generation District Heating

1 T |

‘.' Integrated low-energy Smart Thermal Grid W
space heating, cooling low-temperature W»”
and hot water systems network

Institutional framework
for suitable planning,
cost and motivation

structures
ntegrated part of the

Wiaste heat recycling and operation of smart

. . energy systems
integration of renewable including 4G District
heat .

Cooling

y <
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Three pilla

Supply:

Low temperature District heating

Production:
Renewable Systems Integration

Organisation:
Planning and Implementation
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i 4th G tion District Heating
Su pply Te:::;?olgoies alndISystemls
Low temperature District heating /

Grids and components:

- low-temperature district heating systems
based on renewable energy.

- new knowledge of the hardware and
software technologies of the new
generation of district heating systems

- existing energy renovated buildings and
new low-energy buildings.

(R
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Review Paper for ENERGY - The Iterstonal Tourl

4th Generation District Heating (4GDH)

", Sven Wemmer®, Robin W
Hvelpiund®, Brian Vad Mathieser

[ ———————————
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Table1 1* generation | 2™ generation 3™ generation 4" generation

Label Steam Insitu Prefabricated 4E0H

Period of best 1880-15920 1830-1980 18980-2020 2020-2050

available

technology

| W Distribution and Demand

| L

Heat camier Steam Pressuwised hot Presswrised hot Low-termperature

water mostly over  water often below  water 30-7T0PC
100°C 100°C

Pipes Insitu insulated Insitu insulated Pre-insulated Fre-insulated
steel pipes steel pipes steel pipes flexible {possible

twin) pipes

Circulation Steam pressure Central pumps Central pumps Central and

systems decentralis ed

pumps

Substations Mo Tube and shell Without or with Frobably mosty

Heat heat exchangers plate heat with plate heat

exchanger exchangers exchangers

Introduction of
flat-stations.
[decentralised
supply of hot
water in new
buildings )

Building=s Apartment and Apartment and Apartment and MNew buil::li;lg&: =
service sector service sector service sector 25EWhH'm
buildings in the buildings buildings {and Existing buildings:
ity 200-300 kWhim®  somesingle 50-150 kW h'm®

family houses)
100-200 EWhim®

Metering Condensate Initially cnly flow Hest meters and  As earlier but
meters in order to | meters in sometimes continuous
meas ure the substations, later  additional reading used for
amount of steam replaced by heat metering of flow in - continuous
wEed meters. Annualor  order to commiss ioning of

monthly readings. compensate for customer heating
Sometimes useof  high return system
allzcation meters  temperatres.

onradiators for Wireles s readings

internal intreduced for

distribution of mir e frequent

heat costs. readings.

Radiators High-temperature | High-temperature  Medium- Floor hesting.
radiators (+90°C) | radistor (80°C) temperature Low-temperatre
using steam or using district radigtors (70°C) radiators (50°C).
water, heating water using disfrict Indirect system.

directy or heating water

indirectly. directhy or
indirecty.
Flzor heating.

Hot water Hotwater tanks DHW tank heated Hest exchanger Very efficient local
hested directhy o BOFC. heating DHW o heat excchanger

with steam or

Circulation at

B0°C. Domestic

heating DHW to

/|
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Renewable Systems Integration

Production and system integration:

- the development of energy systems analysis
tools, methodologies and theori

- scenario building of future sustainable energy
systems.

- The aim is to identify the role of district heating
systems and technologies in various countries

AALBORG UNIVERSITY
DENMARK




Rview Paper for ENERGY - The Itrusions] Journal

4th Generation District Heating (4GDH)
Thermal Grid

Henrik Lund ", Sven Wemer . Robin Wiltshire
‘Thorsen®, Frede Hvelplund, Brian Vad Mat

vend Svendsen, Jan Eric

BsTRACT
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Table 2 1" generation | 2™ generation 3" generation 4 generation
La bel Steam Insitu Frefabricated HE0H
Period of best 1880-1920 18930- 1280 1980-2020 2020-2050
available
technolooy
Production and System Integration
Heat Coal steam Coal and il Large-scale CHP, Low-temperature
Production boilers andsome | besed CHP and distributed CHP, heat recycling and
CHF plant some heat-only biomass and renewable
beoilers waste or fossil SO CES
fuel boilers
Integration CHF =s heat CHF =5 heat CHF as heat CHF systems
with electricity | source SOUCE sowee, and some  integrated with
supply large electic heat pumps and
boilers and hest ocperated on
pUMEs in regulating and
countries with TES BIVE DOWer
temporary markets a5 well
electricity a5 spot markets
surpluses.
Some very few
CHP plants on
spot market as
exception
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Planning and Implementation /

Planning and implementation:

- further development of the planning and
management systems

- spatial analysis and geographical
information systems (GIS) as a tool\for
planners and decision-makers.

- organisation and design of specific public
regulation measures including ownership,
tariffs, reforms etc.

AALBORG UNIVERSITY
DENMARK



R Pape for ENERGY - The Inerusionsl Journal

4th Ge
b

tion Di
on |

ct Heating (4GDH)
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Table 3 1¥ generation | 2™ generation 3™ genemation 4" generation
Label Steam Insitu Prefabricated 4G0H
Period of best 1880-1830 1830- 1880 1880-2020 2020-2050
available
technology
Planning and Implementation
Primary Comfort and Fuel savings and  Security of supply  Transformation to
mictivation in reduced risk reduced costs a sustainable
society (why to energy system
have DH)
Infrastructure Governing Developing and |dentifying and Identifying and
planning competing dsTict | expanding OH implementing implementing
pwhere to have hesting suitable for cost suitable DH suitable OH
DH) infrastructures efficient use of infras ructures in infrastructires in
CHP fossil based fossil free energy
energy s ystems systems
Cos=t principles | Minimiing the per | Minimising the per Dilemma between Dilemma between
for unit supply costs. | unit supply costs.  short and long- short- and long-
investments Few concemns Few concerns term marginal term marginal
{DH supply regarding s-En-'ings regarding savirllgs costs with :5-hu-rt— -:::-g-is- with a need
versus savings t‘.\ECEIJ.E-EE-p-ECE 5 | becawse CHP & term m?‘gl.nal to integrate better
in demand) more important. cheapand plenty. costs winning I::n-g-'_Erm
based on existing marginal costs
investrments (sunk [fulwre
costs) imvestments). Incl
DS costs
Mofivation inm Conmsumers have | Motivation of Motivation of Mativation of
operation (how | tocondensate COMs UMmers COMs UMers COMS UMmEers
to best operate | steam. Further cooling is of less cooling gradually  cocling &
given cocling & of minor | importance. I::-Eu::}rrEs- essential
Euml'!f.lldmnd concern. important.
system) Expansicn of Mctivation of the

CHP and use of
biomass and
waste are
important.

integration of
fluctusting RES is
essential




4th Generatiaon District He

ting

4th Generation District Heating Y4GDH) system is
defined as a coherent technological and institutional
concept, which by means of smart thermal grids
assists the appropriate development'of sustainable
energy systems. 4GDH systems provige the heat
supply of low-energy buildings with low'grid losses |
a way in which the use of low-temperatu
sources is integrated with the operation of\smart
energy systems. The concept involves the
development of an institutional and organisation
framework to facilitate suitable cost and motivatipn
structures.
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LY

Energy efficiency / temperature level

et

1G: STEAM 2G:INSITU 3G: PREFABRICATED 4G: 4th GENERATION
Steam systern, steam pipes Pressurised hot-water system Pre-insulated pipes Low energy dernands
in concrete ducts Heavy equiprment Industrialised compact Smart energy (optimum
Large "build on site”stations substations (also with insulation) interaction of energy
Temperature < 200°C Metering and monitoring sources, distribution
level and consumption)
2-way DH
>1000C /
<100°C
T
_\_\_\_\_‘_‘—‘——_
. <50-60°C (70°C)
Energy
efficiency Future
energy
Seasonal ¥ source
heat storage
Large scale solar ‘ma q ﬂ‘ Biormass
A 9 |
- Large scale solar | R -
) | 2
2 # - ),Oi 2-way 2
F= Biomnass . P =
2 o — District Q
£ CHP Biomass h"ﬂ_h% : g
A=} Geothermmnal Heating ’g
a a
11 PV, Wave
ﬁl Wind surplus i _m CHP
Industry surplus Electricity biomass
Cold
storage
Heat a Heat . Heat . E Centralised
storage storage storage district
g 3 cooling plant
i CHP waste B m
Steamn ' CHP coal ﬂ_ CHP coal -I I Centralised
storage CHP il CHP il Industry surplus _n heat pump
i I ! Also
Coal -I Coal ‘_ % Gas, Waste -I CHPwaste low energy
Waste ﬁ Waste Oil, Coal I 5 [T incineration [l buildings
1
Local District Heating District Heating District Heating District Heating
Development (District Heating generation) /
| | | Period of Ib-est available technology
LY
1G / 1880-1930 2G/1930-1980 3G /1980-2020 4G/ 2020-2050 ’

/o
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Main point

Next consortium meeting
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research results
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« Heat savings (ZEB project)
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