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FACTS

HEAT: THE ELEPHANT IN THE ROOM !

Final energy demand by energy service, 2011 (EU 27)
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Source: [EA, 2011
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FACTS

THE EU IS WASTING ENERGY (HEAT)...

EU 27 during 2008
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FACTS

Opportunity

e Heat Demand in Urban Areas

MANY ENERGY SOURCES RO / ==

« Power and Heat Generation g
. Waste Management ¥ e
- Industrial waste heat AN NP
- Geothermal heat o g i

. Solar Thermal ]
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FACTS
DHC - 'FUTURE-PROOF’" INFRASTRUCTURES

Source: Danfoss K(: GIREON ENERGI
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FACTS

Development of total trench length of DH
pipeline system & total DH sales
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Source: Euroheat & Power (DHC Country by Country survey 2005, 2007, 2009, 2011 and 2013)
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FACTS

SHARE OF CHP IN ELECTRICITY GENERATION

Total share of CHP in national electricity production in 2011
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REDUCTION IN CHP-PRODUCTION IN DENMARK

Fuldlasttimer pa decentrale vaerker
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FACTS

Share of citizens served by District Heating
in EU countries (in 2011)
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Source: Euroheat & Power (DHC Country by Country survey 2013)
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FACTS

Number of citizens served by District Heating (in 2011)
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FACTS

50% DH AND CHP

* Decrease primary energy supply and
especially fossil fuels and CO2

emissions LESS F,UE"

* Decrease annual c.osts of energy |.n He Rorow
Europe by approximately €14 Billion o
in 2050 LESS MONEY

* Create additional 220,000 jobs over

the period 2013-2050
MORE EUJOBS | ...

e Further integration of RES

MORE RE

(" GRONENERGI
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FACTS

SECTOR’'S OWN VIEW OF THE FUTURE

Source: Euroheat & Power (2013 District Heating and Cooling Barometer)
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FACTS
CHALLENGES AHEAD

—' 49% of the Sector

believe that R&D in
DHC requires more
attention/funding in
— order to keep pace
with competing
technologies

72% of the Sector
think that the
regulatory framework
doesn’t provide

— sufficient incentives

to the development
of DHC

Source: Euroheat & Power (2013 District Heating and Cooling Barometer)
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PRIORITIES OF "GR@N ENERGI”

Export (system)

Systemintegration Efficiency

b
'\(‘:_’ GRONENERGI



GENERATIONS OF DISTRICT HEATING - 4GDH
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Fig. 2 Mustration of the concept of 4th Cener gion District Heating in comparison © the previous three genergions.

Source: Lund H., et al., 4th generation District Heating (4GDH), Energy 2014,

http://dx.doi.org/10.1016/j.energy.2014.02.089
www.4dh.dk annual conference 18 August 2014

DH’s role in future sustainable
energy systems requires
meeting the challenges:

1. Low temperature DH to old
and new buildings

2. Distribute heat with low
heat losses

3. Recycle heat from low
temperature sources and
integrate renewables

4. Integrated part of smart
energy systems

5. Suitable planning, cost and
motivation structures
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http://www.4dh.dk/

WHAT IS THE OPTIMAL STRUCTURE?

Estimated investments in
Eastern Jutland:

Total approx. 2,500 MWth,
cost for each technology:

e CHP: DKK 25 bin

e Solar thermal and
storage:  DKK 35 bin

* Heat pumps and heat
storage:  DKK 20 bin

1 % error margin equals
DKK 200-400 million
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ENERGY SYSTEM MODELS

Optimise the choice of
scenario — not only the

, Analysis of electricity
scenarios

system and interaction
with neighbouring
electricity markets

A lot of choices to be
made — CHP, solar, heat
pumps, heat storages:

Analysis of national
energy system

More than 50 decisions
2°0 =112589990684262

Analysis of economy for CHP

GRUNENERGI
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SUPERSTRUCTURE OPTIMISATION

- I : Conclusions:
How to model and optimise investments in

the future DH infrastructure .
* No existing model meets the demand

of modelling and optimising choice of
technology and operation — combined
optimisation model and optimisation

algorithm

* Remaining technical lifetime for existing
production assets

e Establishment and use of transmission
pipelines

e Establishment and use of heat storages

: . * Large DH-grids is a pre-requisite for
* |nvestments in new heat production ; & P q

decentralised production of

capacity
e renewable energy
* Size ) ]
. * The link between temperatures in the
* Location .
. system and various renewable energy
* Timing A . .
technologies is vital for the efficiency
Workshop 24 March 2014 — this requires detailed data (hour)

http://www.danskfiernvarme.dk/Faneblade/GronEnergi/Arrangementer/Afsluttede%20arrangementer/
Workshop%20o0m%20simulering%200g%200ptimering%20af%20investeringer%20i%20den%20fremtidig 7
e%20fjernvarmestruktur.aspx X

ONENERGI
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http://www.danskfjernvarme.dk/Faneblade/GronEnergi/Arrangementer/Afsluttede arrangementer/Workshop om simulering og optimering af investeringer i den fremtidige fjernvarmestruktur.aspx

SOLAR THERMAL - 100 % IN AARHUS
(NOT A PROJECT - FOR ILLUSTRATION) ___

Total investment DKK 12-15 bln

Main challenge is area of 25 km?

© GRONENERG



FLEX CITIES PROJECT

CONVERSION FROM NATURAL GAS (ORANGE) TO DH (BLUE)

w

N
A
)

o ETEE
0 mu-sen
0 2
[ swmen o epver overromiee

L
Lo e

Ostiysk Fiernvarme focdyoti v 8
g af d

| .

Z:

" GRONENERGI



HEAT STORAGES AND LARGE HEAT PUMPS IN DH IN
DENMARK

Potentialet for nye damvarmelagre og borehulslagre er tilsvarende opgjort til 2.800 GWh lagerka-
pacitet.

ground
surface
h 4

heat

ipe connection
insulation L 3

underlay

grouting

borehole
heat ex-
changer

covering
layer

borehole depth (30 - 100 m)

Steel tanks
Amount: 284
Cap: 50 GWh

Pit heat storage
Amount: 4

Cap: 13 GWh

Bore hole
Amount: 1
Cap: 630 MWh

Aquiferlagre
Amount: 8 only 1 in relation to DH

Electricity heat
pumps
Amount: 14

El. power: 17 MW
Heat can : 75 MW

Amount: 18
Cap.: 55 MW

Absorption heat pump

El. boilers
Amount: 37
El. power: 295 MW
Heat cap.: 295 MW

A manual on large scale
heat pumps is now
elaborated

i~
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THERMAL ENERGY STORAGE CONCEPT

Heat transfer fluid (HTF)

Heat sink

= Heat engine

®= Process steam

= District heating

= Absorption chiller

Heat source
= Solarenergy
= Electricity

= Other

Charge Discharge

HTF pump

' GRONENERGI



ELECTRICITY TES SYSTEM FOR CHP PLANT
INTEGRATED WITH DISTRICT HEATING SYSTEM

Electric — Thermal Energy Storage (E-TES) system District heating plant

’ LT i e i S 1
’ Xn P \
! 1 ! 1
Electric Electricity supplied during peak price and/or deficit of VRE
power grid #
Steam turbine Synchronous
generator
Low 4
& Heat transfer fluid (HTF) r
priced Steam
and/or Temperature
boost
surplus
electricity ot District heating
from VRE supply water
Condenser 300°C
Etectric ESTH Shoner
oil heater generator _>-—
Thermal energy — .
storage » storage tank

Feedwater L i
’ ‘_ old water District heating )
return water 50°C

HTF pump Feedwater pumps & preheaters
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SYSTEM SIZE AND TEMPERATURE RANGE

———————————————————————————————————————————————————————————————————————
. . - . . . . - . - -

600°C

500°C

400°C

|
|
|
|
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; Molten Salt (270°~600°c)
|
|
|
|

300°C

200°C

100°C

0°C
-50°C

]

1 MWh, 10 MWh, 100 MWh, 1000 MWh, 10 GWh,



Contact

Jarl Pedersen

Vice President THERMAL
jp@energy-nest.com =\==le\ \
+1 713 408 9847 STORAGE
@ivind Resch Heatcrete®

CEO & President e abinpllerne

or@energy-nest.com
+47 90 89 93 11

Professor Pal G. Bergan

CTO and Chairman of the Board
Pal.Bergan@ntnu.no

+47 90734770

NEST AS

Olav Brunborgsvei 4

1396 Billingstad

Norway Download our brochure at:
www.energy-nest.com http://www.energy-nest.com/images/NEST.pdf
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