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INTRODUCTION TO THE DANISH TRANSITION
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Danish Energy system at a glance

- Stable PES over 40 years

*«  ~50% of electricity from CHP

»  >b55% District Heating

~40% wind power

« High share of the world’s offshore wind
power

* An amendment to the Danish building
code bans boilers for "fossil gas or
fossil oil” in new houses

* Small-scale DH is challenged
by individual solutions
(biomass boilers and heat
pumps)

= A move towards integrated
smart energy systems and 4t
generation DH
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From a central to a distributed energy system

A key element was
district heating
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DISTRICT HEATING BASICS AND CURRENT SYSTEMS
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District heating basics — Heat supply comparison

Electric heating TS NER Traditional System f¢R R T L

40 units of electrcity

100 units of [EESCAACINN 40 units of electricity
Station

200 fuel

units of

300 units of Power (UM Electric 80 units of
- Station  JEIRH heating hcat fuel 100 units of
fuel Boiler 80 units of heat

CHP System CHPY AT L Integrated System with renewable energy BEIREDHESI AT LA
Wind — - 40 units of electricity
turbine H
40 units of electricity - cat
135 units of CHP = Pump

fuel plant : 85 units of CH_P ,
80 units of heat fuel unit 20 units of
e
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District heating basics — Supply, transmission and distribution

Using water an energy carrier kKzIRJLE¥—FvYTELTHED

Power = Flowrate [kg/s] - Heat capacity [kJ/kg] - Temperature difference [K]
=== (kg/s) * BAE (kJ/Kkg) * REZE(K)

Photos: HL, Logstor, PAJ l (‘

AALBORG UNIVERSITY
DENMARK




i B AR D E A REEFRE
District heating basics — House installations
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Bistrict heating is both for space heating and domestic hot water preparation

Floor heating can reduce temperature requirements compared to radiator Akva Lux ||
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Cost of heating a standard* house
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Two examples of existing DH systems

Central Local CHP
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DISTRICT HEATING IN FUTURE HIGHLY RENEWABLE ENERGY
SYSTEMS
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A week in Western Denmark in 2015
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Storage in renewable energy systems
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Energy storage: Price and Efficiency
- Price - Efficiency
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Analyses have shown that

* Regulation of CHP and heat storage (implemented in DK in 2004): Enables
the integration of 20% wind power (and 50% CHP)

« Adding large heat pumps and heat storage capacity to existing CHP plants:
Enables the integration of 40% wind power (and 50% CHP)

» Electric vehicles enable the integration of approx. 60% wind power
* Important to involve the new flexible technologies in the grid stabilisation

task

For even higher renewable energy penetrations — up to 100% as is the political
goal for Denmark — we need further options
(See Sankey diagram of 100% RE system in extra material)
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District heating as a part of integrated energy systems
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Flexible operation of DH CHP systems for RE integration
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RE VISION FOR AALBORG
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Aalborg in a glimpse
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Energy sources in the Aalborg Vision
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F—ILR—DBIREDIVDER
Elements in the Aalborg Vision

» Use of locally available energy sources

» Electricity savings

* Heat savings

» Electrification

» District heating where possible- otherwise individual heat pumps
» Geothermal energy

« Exploitation of synergies (waste heat from industry and power production for
house heating)

» Biogas - and waste
*  Wind power
» Solar energy (to some extent)

« Ban against oil and natural gas boilers in dwellings
Ban against use of biomass for house heating (individual houses, boiler DH)
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Heating and electricity in the energy vision
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« Individual heat pumps
m Boilers

= CHP plants

m Waste Incineration
=Heat pumps

u Geothermal plant

Heat supply in 2050
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Electricity demand in 2050
2050 FDENFE
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m Additional biogas

= Additional industry

@ (Additional) heap pumps
= (Additional) hydrogen

= Additional transport

= "Ordinary demand after
savings"
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Cost of the Aalborg Vision
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MOVING TOWARDS 4™ GENERATION DISTRICT HEATING
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A move towards 4t Generation district heating |
g

4DH

PR 4th Generation District Heating

i r‘r;-:p, Technologies and Systems
A [

First Generation (1880-1930):

Steam as heat carrier. Is today in use in e.g.
Manhattan, Paris and partly in Copenhagen.

Second Generation (1930-1970):
Pressurised hot water as heat carrier with temperature above 100°C.
Found today in older parts of current water-based systems. iepin 1 .

Third Generation (1970-present):

Pressurised water with temperatures below 100°C.

Used in replacements in Central and Eastern Europe

and all extensions in China, Korea, Europe, USA and Canada.
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Energy efficiency / temperature level

1G: STEAM 2G:INSITU 3G: PREFABRICATED 4G: 4th GENERATION
Steam system, steam pipes Pressurised hot-water system Pre-insulated pipes Low energy demands
in concrete ducts Heavy equipment 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

>100°C

<100°C
- /
efficiency

——— <50-60°C (70°C)
Future
energy
Seasonal 7\ ¥ source
heat storage
Large scale solar“ L Biomass
= Large scale solar = conversion
3 S8 2-way e
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PV,Wave
Wind surplus CHP
Industry surplus Electricity biomass
Cold
storage
Heat . Heat . Heat . E Centralised
storage storage storage district
cooling plant
CHP waste
Steam CHP coal CHP coal Centralised
storage . CHP oil CHP oil Industry surplus heat pump
Also
Coal Coal @ Gas, Waste - CHP waste low energy
Waste Waste Oil, Coal L] incineration L] buildings
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Local District Heating District Heating District Heating District Heating
Development (District Heating generation) / FE
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ADHEREE
4DH in brief

» Coherent concept

* Low energy demands

» Low distribution temperatures

» Recycle and use new, renewable sources of heat

* Interactions with integrated smart energy systems (through thermal storage)

« Ensure strategic planning to transform to future sustainable energy systems
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CONDITIONS DISTRICT HEATING IN DENMARK
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TUR— DRI DIKIR
Conditions for implementing district heating in Denmark

» Electricity supply act from 1976 stipulating that power generation must be CHP-based

* Municipal heat planning required in 1979; establishing zones throughout the country. Power to require district
heating in individual buildings

* Intentional pursuance of district heating

* Presence of stable heat plans foster long-term confidence in district heating

» Policy gives a high degree of autonomy and flexibility to local energy actors and municipalities

+ Guideline about the role full socio-economic costs should play in 1990

» Establishment of building codes

+ Technology catalogue combined with a standard basis of calculation

+ History of cooperatives

« Economically efficient with a) consumer profit b) rating between companies and c) national oversight

+ Expertise in consultancies

* Expertise in tool development
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Benefits of District Heating in Denmark

* Increased efficiency
+ CO, emissions have decreased by 60% from 1980 to 2010
* Nationwide emissions have decreased by 20% since 1990
+ Economically attractive for most consumers (see next slidew)

» Variety of supply streams — also due to economy of scale
+ Ultilise heat from waste incineration
+ Utilise heat from power generation
+ Ultilise heat from solar collectors
+ Utilise of geothermal energy
» Utilise industrial excess heat
» Utilise heat from the production of transportation fuels

*  Flexibility
* Benefit from flexible CHP in combination with heat pumps or electric boilers
* Low-cost storage options
* Integration with biogas
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PROSPECTS FOR DH IN EUROPE
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Heat Roadmap Europe
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GIS-based information on:
» Urban areas (Heating Demands)
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Heat Road Map Europe - Conclusions with 50% DH and CHP
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+ Decrease primary energy supply .
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+ Decrease annual costs of energy in M ©  2050FORMOTE
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