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A Booming Market for Solar District Heating

Opportunities and Challenges

Denmark plans to:
 Phase out all fossil fuels before 2050
 Heating and electricity all by renewable energy before 2035
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A Booming Market for Solar District Heating

Opportunities and Challenges

Wind energy:
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A Booming Market for Solar District Heating

Opportunities and Challenges

Solar thermal:

» 2030: 15 % of decreased heating demand

» 2050: 2 40 % of decreased heating demand - 80 % of the solar
heat via district heating
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Solar District Heating in Denmark
Sum of collector area and the number of plants

g 1.000.000 100
Pl Py % é 800.000 - 80 g
E 600.000 - 60 f}
2011 133 0.30 02% 3 g
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g :
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2014 135 1.09 £ ° 0
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Year

2015 130 1.25
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A Booming Market for Solar District Heating

Opportunities and Challenges

Tversted: 4000
Saltum: 100

Legster: 15500

Frederiks: 8438
Karup: 8000

@ In operation

Unit: m?
Strandby: 8019
&hy: 11921

lauenskjold: 2963

In operation: 503 745 m?

Dronn inglu nd: 37573

Feldborg: 4006

Asaa: 5650

Isenvad: 3000

Ulsted: 5012
Mou: 4737

Ejstrupholm: 624

@rnhej-Grenbjerg: 508
Tim: 423

Ringkebing: 15000+15000
Tarm: 1858

Hejnsvig: 3704+206
Skovlund: 2970
Tistrup: 5409
Sig: 3479
Oksbal: 10000+474
Gording: 7424
Christiansfeld: 954
Gram: 1007
Vojens: 17500—
Toftlund: 11000—
Senderborg: 5866+181
Grasten: 19024
Broager: 9988

&roskebing: 2040+2860+219
Rise: 375

Marstal: 8038+1999+9322+1500
Sydlangeland: 1250

OCTOBER 13-15

BEIJING, CHINA

{2014

Skerping: 2000

jerlev J: 3500

renaa: 12000

Ry: 3014

I. Rye: 2400
Bradstrup: 8012+10600
Terring: 7284
ordby: 2500

ejby-Tisvilde: 8000
elsinge: 4733

ykebing Sjlland: 19925
illerad: 3007

agerspris: 10000+3405
erlev: 1025
Svebelle-Viskinge: 7035
Hvidebaek: 12038
—Dianalund: 2000
andved-Tornemark: 3893

ydfalster: 12094
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A Booming Market for Solar District Heating

Opportunities and Challenges

WHY so successful in DK?
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Long time tradition for district heating

Good price / performance of ground mounted
collectors

High tax on natural gas
Competive heat production price

Interaction with liberal electricity market

Prices ex. VAT




A Booming Market for Solar District Heating

Opportunities and Challenges

Long time tradition for district heating in Denmark
60 % of all heating demand®* is now supplied by district heating

* Low temperatures in the network
Forward 70 - 80°C; Return 35 - 45°C ... still going down

* Available district heating networks in the country side with cheap
ground

e Special structure of de-central district heating companies:
Small, user owned -> local back- up -> positive attitude from
local authorities ' i

*) Low application temperature: < 80°C
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A Booming Market for Solar District Heating

Opportunities and Challenges

Good price of installations

* Prices down to 190 €/m? collector = 270 €/kW (system in operation)
* Average around 250 €/m? = 360 €/kW

 Large modules - fast installation

Good performance
* Max. collector field output > 530 kWh/m?; max. efficiency > 50 %
* Average output: 440 kWh/m?; average efficiency: 40 %
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A Booming Market for Solar District Heating

Opportunities and Challenges

Good heat production price
* Prices down to 30 €/MWh (0.03 €/kWh)
* Average around 45 €/MWh (0.045 €/kWh)
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A Booming Market for Solar District Heating

Opportunities and Challenges
Interaction with dynamic electricity production

(d Simple solar district heating systems with solar fractions of
5-25 % are most popular so far - around 10 000 m? (7 MW) -
but it seems to be cost effective too, to go for higher solar
fractions / long term storage due to:

Improved storage technology (simple/cheap)

LARGE SYSTEMS - small storage losses & lower specific costs

Interaction with liberal electricity market

(I Oy W

Benefits from combining technologies
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A Booming Market for Solar District Heating

Opportunities and Challenges

Cheap storage technology, water pit (or borehole)

Floating insulated lid

Polymer liner ' .
No insulation to earth !

Price = 20 €/m?3

2014
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A Booming Market for Solar District Heating

Opportunities and Challenges

LARGE sySTEMS > smai storage losses & lower specific costs

Surface area per volume Cost per equivalent m3
(Cylinder, Radius = Height)
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A Booming Market for Solar District Heating

Opportunities and Challenges

Interaction with liberal electricity market

Problem:

As renewable electricity production increases - the mismatch of
production versus load increases and so do the dynamics of the

electricity price:

Elspot prices (EUR/MWh)

Nord Pool 2008 Nord Pool 2009 Nord Pool 2010
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A Booming Market for Solar District Heating

Opportunities and Challenges

Interaction with liberal electricity market

Solution:

Combined technologies and heat storage interacting with the
electricity grid ...

CHP ///\<L;
gasmotor n
Backup
boiler o Load/usage
biomass

CONFERENCE




A Booming Market for Solar District Heating

Opportunities and Challenges

Benefits from combining technologies and using heat storage

% |

Solar:
v" Produce free heat

CHP:

v Produce valuable electricity
- earn money

v’ Fast capacity regulation
(prod.) = earn money

Heat pump:

v" Produce cheap heat

v’ Fast capacity regulation (load)
- earn money

v" Reduce storage volume
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Storage:

v Gives the flexibility

v" Makes the combinations of
technologies possible




A Booming Market for Solar District Heating

Opportunities and Challenges

Trend: More and more electricity production from wind & PV ... 2
Less and less need for electricity production from CHP ...

Electricity production, example District heat production, example
200 200
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A Booming Market for Solar District Heating

Examples

>30 systems on-line at
www.solvarmedata.dk

System info:

* Size

* Price
 Measured output
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Opportunities and Challenges
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http://www.solvarmedata.dk/

A Booming Market for Solar District Heating

Opportunities and Challenges
Examples

Egerosilﬁd"".___ \‘ _ . ﬁr: ; i
A Y jin"st |
e T
"\_Mand:r.'ff'%”‘sa"d : STRANDBY DISTRICT HEATING
nd
Year of construction 2008 Construction surface area (m2) 25000
Solar Heating System ArCon Mumber of solar modules (pcs.) 641 i
Subsidized by Energinet.dk Angle of solar panels (degrees) 35
Efficient surface of solar panels 8019 Estimated maximum heat efficiency (MW) ]
li t -
>30 systems on-line a .
74 Estimated annual heat production (MWh}) 0
WWW. SO |Va r m e d ata . d k . Thi?fj Expected share of solar heatin total annual plant production (%) 18 i
Nykeb Expected reduction of CO2 per year caused by solar heating (tonsiyr) 1570
Len;mg Alternative fuel at heating plant (natural gas, wood flakes, straw etc.) Matural gas
. . Investment - subsidies notincluded 2010 (million DKK) 14
SySte m I nfo o Subsidies (million DKK) 34 3
° . Expected net economic result over 25 years (million DKK) 14
S I Ze Return of investment period (years) 81
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A Booming Market for Solar District Heating

Opportunities and Challenges

Examples

>30 systems on-line at
www.solvarmedata.dk

System info:

* Size

* Price
 Measured output
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\ ABOUT THE PLANT

Egersund | ¢ Are
a ey - R
‘.‘ o Grimst
\ 7 |
ey Kristiansanﬁf CURRENT PRODUCTION |
=\ o I
“Mandal
- ‘
CURRENT PRODUCTION urement: 06.10.2014, at. 15:06:2¢
Present solar heat production 700 kKW
Present solar heat production per m*
Klitmaller
)
fa
" Thisted
..\.Io
Mykgh
Lemvig
3 SEARCH IN DATA HISTORICAL DATA
} ; |
Z::: 01.01.2013 Total solar heat production for the period 367279 MWh
’ Total solar heat available for the period 1.082.203,31 Whim*

To date: 31.12.2013

Display: Months v JOWNLOAD DATA AS .CSV SHOW GRAPHS

Logs Heat Heat production / Solar heat
QUICK LINKS production m2 available
(MWh) (Whim2) (Whim2)
Nationelpark Vadenavet(e) Actual 24 h januar 2013 24,30 3.093 18573
5 EEomh S februar 2013 105,60 13169 44.426
Latest 7 days marts 2013 186,54 23262 55.020
Sylt april 2013 310,50 38.720 81.944
o Latest 30 days maj 2013 532,10 £6.355 145143
Lex -
juni 2013 £19,05 77.198 170.051
Latest quarter -

¢ Lotestouarter juli 2013 59114 86.188 187.026
Latestyear august 2013 511,31 f3.762 146,758

september
e 434,30 54.159 122083
oktober 2013 170,88 21310 58.600

november
o 65,32 8.208 36.247

december
e 20,74 2587 16.332
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A Booming Market for Solar District Heatmg

Opportunities and Challeng

Example: Jaegerspris (2010)

. Users: 1300
e Sold heat 2013: 28 000 MWh
 Collector area: 13 400 m?

e Collector output 2013: 6 600 MWh
« Specific output 2013: 490 kWh/m?

e Solar fraction = 20 % *
e  System price: 221 €/m? %
* | Solar heat price*: 35 €/MWh i
 Other heat resource: Natural gas , , .ﬁ o \mm}%tvzr‘

i

»
)
()
(5
=)
S
72
)

Googlg
C

*) 20 years, 3% net interest rate, operation & maintenance 1% of investment per year
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A Booming Market for Solar District Heating

Opportunities and Challenges

Example: Marstal (2012) “SUNSTORE 4” (EU 7" FP)
* Collector area: 18 000 + 15 000 m?

* Store volume: 75 000 m3

* Heat pump: 1 MW

 Boiler: 4 MW (wood chip)

«  CHP: 0.75 MWe (ORC)

 Renewable fraction: 100 %

SHE de) I-! '

CONFERENCE OBER 13-15 i
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A Booming Market for Solar District Heating
Opportunities and Challenges
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A Booming Market for Solar District Heating
Opportunities and Challenges
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A Booming Market for Solar District Heating
Opportunities and Challenges
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A Booming Market for Solar District Heating
Opportunities and Challenges
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A Booming Market for Solar District Heating
Opportunities and Challenges

Marstal:
Now in total 33 000 m?2 (23 MW) solar panels & 75 000 m?3 pit heat storage

SHC
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A Booming Market for Solar District Heating

Opportunities and Challenges

Dronninglund - so far the biggest solar district heating system in the world

37 300 m? (26 MW) collectors
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A Booming Market for Solar District Heating

Opportunities and Challenges

New large systems coming up:
v’ Gram: + 31 000 m? (in total: 41 000 m?); 110 000 m3 water pit storage

v' Vojens: + 53 500 m? (in total: 71 000 mz)j 200 000 m3 water pit storage

http://www.vojensfjernvarme.dk/
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A Booming Market for Solar District Heating

Opportunities and Challenges

Lars Damkjaer, Gram District Heating Company:

“Expanding (in 2014) from 15 % to >50 % solar fraction increasing
the collector area from 10 000 m? to 41 000 m? (29 MW) - is the
basic element in our plan to become the cheapest district heat

provider in Denmark”.

(22014
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A Booming Market for Solar District Heating

Opportunities and Challenges

Jan Erik Nielsen, PlanEnergi:

v District heating is a good argument for solar heating
v Solar heating is a good argument for district heating

Renewable electricity production
(| Solar (PV, CSP)

(| Wind

(| CHP (biomass)

FITS VERY WELL WITH:

Renewable heat production Thank you for your
(| Solar (thermal)

a Heat pump (wind) ) ‘
O  CHP (waste heat) jen@planenergi.dk
a

HEAT STORAGE www.planenergi.dk

attention




