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The key to cost-efficient 100% Renewable Energy
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A sole focus on renewable electricity (smart grid)
production leads to electricity storage and flexible demand
solutions!
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» Looking at renewable electricity as a part smart energy

systems including heating, industry, gas and
transportation opens for cheaper and better solutions...
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Pump Hydro Storagei/k & & B ¥k
175 €/kWh

h
(Source: Electricity Energy Storage A Z—\ b
Technology Options: A White Paper Primer I I l e | g y O I a g e I/ H m

on Applications, Costs, and Benefits.
Electric Power Research Institute, 2010)
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Natural Gas Underground Storage
KRR H T hERE
0.05 €/kWh

(Source: Current State Of and Issues
Concerning Underground Natural Gas
Storage. Federal Energy Regulatory
Commission, 2004)

Thermal Storage & #¥
1-4 €/ kWh

(Source: Danish Technology
Catalogue, 2012)
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Oil Tank
0.02 €/kWh
(Source: Dahl KH, Oil
tanking Copenhagen A/S,
2013: Oil Storage Tank.
2013)




0.16 m3 Thermal Storage
0.163L 77 i iRt

6200 m3 Thermal Storage
62003277 i #h Bt i
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4 m3 Thermal Storage
AT T RERVBEE
40,000 €/ MWh

(Private outdoor: 4000 m3
for 50,000 DKK)

200,000 m3 Thermal Storage

2075 3L 77 R B I
500 €/ MWh
(Vojens: 200,000 m3
for 30 mio. DKK)




Pump Hydro Storage

17K B e
100 €/kWh
(Source: Goldisthal Pumped
Storage Station, Germany,
www.store-project.eu)

ectricity Storage f

Compressed Air Energy Storage

P45 S f A,
125 €/kWh

(Source:
http://lwww.sciencedirect.com/science/ar
ticle/pii/S0196890409000429)

Electricity Storage: Pr

ice and Size
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Tesla PowerWall
Fully Installed

Sodium—Sulphur
Battery

3.3 kW 50 Mw

CAES ‘ Pumped Hydro

350 MW | 1000 MW

Tesla PowerWalli

BT E REAR
800 €/kWh
(Source: Dahl KH, Oil tanking

Sodium-Sulphur Battery

B Rt
600 €/kWh
(Source: Table 4:
http://large.stanford.edu/courses/2012/ph240/d
oshay1/docs/EPRI.pdf)

Copenhagen A/S, 2013: Oil
Storage Tank. 2013)
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Energy System Analysis Model
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Smart Energy Systems® ZfEIE R 4::

Hourly modelling of all smart grids to
identify synergies!
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... and influence of different types of
energy storage..!
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Electric vehicles is best from an energy efficient
point of view. But gas and/or liquid fuels is
needed to transform to 100%.
MBEIR R A ERTE, BRI
(B RSN/ BB AR AL 7515 100%

Biomass 4 /7

.. 1s a limited resource and can not satisfy all the

transportation needs.

e P PRI, ASBe 2 P iisH K

Consequence 7474

... Electricity from Wind (and similar resources)
needs to be converted to gas and liquid fuels in

the long-term perspective...
MAHIRE, X (RISELBRIED /Y T2 4%
RIS L



http://sdu.dk/?sc_lang=da
http://sdu.dk/?sc_lang=da

Electro-fuels w /35Kl
100% Renewable Energy 2050
Power-to-Transportation
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www. 4DH. dk

4DH
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#SmartEnergySystems & #4DH
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Three pillars=>37#k 4DH

VAR A RE RO 2 R 4t

Supply iy :

Low temperature District heating

(IR LR

ProductionZf=:
Renewable Systems Integration
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OrganisationZHZA:
Planning and Implementation
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http://www.sciencedirect.com/science/journal/03605442
http://www.sciencedirect.com/science/journal/03605442

Heat Roadmap Europe
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http://www.ecofys.com/en/
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Annual EU27 costs for heating buildings in 2010 to 2050

Cost
100
; 20 B Annual investment costs
a n d O b S L] ® Fixed operation costs
° 60 = CO2 emission costs
0 ® Marginal operation cost
u Fuel
20
* Saved fuel costs .

of annual approx. oo | e s
30 Billion EUR in 2050

Annual costs [Billion €]

* In total cost are reduced by 14 Billion EUR in 2050
e Additional investments of a total of 500 billion EUR

e Additional jobs from to 2013 to 2050:
8—9 million man-year in total
Approx. 220,000 jobs.
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GDP, Revenue and employment

* GDP calculated on
the basis of
reductions 1in
import to the area

* Employment
calculated on the
assumption of 1bH

man year per one
million CNY



GDP, Revenue and employment



Conclusion

District heating in Wangyi, Yijun and Peng Zhen
Zhen Qu will

* decrease imports to the areas and

increase economic activities and

* generate local jobs
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