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Thermal Energy Storage & The Green Transition of Coal - Changing Energy

There Is no all-mighty technology
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Denmark is known for its wind power - Changing Energy

And its Large scale
flat panel installations
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Chinese CSP projects - Changing Energy

China 1st Phase 20 Pilot CSP
Projects Distribution,

Qinghai SUPCON Solar Delingha

Royal Tech Yumendongzhen
50MW MS Tower Project

50MW PT Project

Northwest Engineering Gonghe
50MW MS Tower Projectct

Shenzhen JinfanAkesai 50MW
molten salt PT Project

Huanghe Hydropower Development
135MW DSG Tower Project

Rayspower Group Yumen
50MW PT Project

CECIC Gansu Wuwei Solar
Power Gulang 100MW PT Project

Beijing Shouhang IHW Resources .
Saving Technology 100MW MS
Tower Project

Inner Mongolia China

Nulcear Royal TechWuzhongqgi
100MW PT Project

China Three Gorges New Energy
Jinta 100MW MS Tower Project

I CGN Delingha 50MW PT Project

YumenXinneng 50MW MS Tower Project

Zhongyang Zhangjiakou Chabei
64MW PT Project '

GuohuaYumen 100MW MS Tower Project

Northwest Electric Power Design DCTC Dunhuang 50MW MS CLFR Project
Institute Hami 50MW MS Tower Project T :
Northern United Power Urad 50MW CLFR Project | -
Dahua Inc. Shangyi 50MW DSG Tower Project . = = ~ .
CITIC Zhangbei DSG 50MW CLFR Project | 3
a0

ZhangbeiHuagiang Group Zhangjiakou DSG 50MW CLFR Project | F
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A solution can combine CSP and surplus Wind Electricity with - Changing Energy
high temperature and low temperature storage J&q o
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In Denmark we have wind power, but also coal power - Changing Energy
", Electrical grid, in Denmark 2018
. L Central Power Plants 9.573 GWh
" LT i Public Power Plants 2.943 GWh
- Solar Photovltaic 983 owh

JYLLAND - NORGE IMPORT: 537 MW

IMPORT: 415 MW

Import 15.634 GWh
Export 10.409 GWh
T v CO2- Emission Avg. (5917) 200 g/kWh

SJZLLAND - SVERIGE
IMPORT: 124 MW

BORNHOLM - SVERIGE

IMPORT: & MW
-

SJZELLAND - TYSKLAND
! IMPORT: 355 MW

STOREBALT
— 390 MW

JYLLAND - TYSKLAND
IMPORT: 683 MW

SIDST OPDATERET
11. MARTS 2019 9:59
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Spot market — an instrument to balance the Grid - Changing Energy

through trading and import/export of power

Vestdanmark, sendag, 3. mar 2019 til onsdag, 6. mar 2019
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Typically export situation — High wind - Changing Energy

Eur/MWh — Nord pool DK1

09-03-2019 ?.D
09032019 Export —

. 59 kr/MWh

(Money in the bank)

619 uw 314w 4L 898w 368 uw
EMD Internatlonal A/S

www.emd.dk

JDLEDNING

-1.962uw 4£.237 vw 57 crkwn 6199 uw
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Typically import situation — No wind - Changing Energy
Eur/MWh — Nord pool DK1 Import
335 kr
Lo ‘E'ED Money out of the box

loss 500.000 Kr/h
1,600,000,000 Kr/y
With 3 x 800 MW
Additional Wind
3,200,000,000 Kr/y

1.892uw 923 uw 43 vw 151 ww

www.emd.dk

. EMD International A/S
1. 8533w & 85w 399 sicvin 3009 v F



AALBORG 8%

Typical Coal fired power plant unit generating - Changing Energy

electricity and heat

Stack

Air Intake

/

Boiler

A

De-NOx Turbine

Gas Gas Heate

Main Trafo

Condenser

Q. 1
LP Heaters

o—

NG

Coal Mill

eaters District Heating

& LP Heate
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J
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Coal fired unit replaced with high temperature - Changing Energy
storage with Molten Salt and Steam generator

Steam generator

|

Reheater >
Reheater Y District
m_b HP Heaters ] Heating
Superheater LP Heatpe
Coling Water
‘ El/MS heater \
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Possible combination with CSP to enhance the - Changing Energy

busines case by additions of Solar energy

Steam generator
1 i

i

Reheater

~——

Reheater

‘ Turbine

— () ——

Superheater.

)

District

Heating

HP Heaters
LP Heate

Coling Water

CSP solfanger
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Preliminary prediction of P/L from operation - Changing Energy
and Investment

Thermal Energy Storage

SFank - Cplivdiical - Buried

SUPERHEATED STEAM

LR

" 300000 KW, | 740 bara)
T @ L 1500 MAN, | 5450 °C
.Duametenmernal 210 m LMTD = T4z " I S LA L 2518 kg |
|Heignt internal 20m | (FEED VeRTER
Wolumen tank 7.274 m”
Volumen required | 7.138 | m? | 12873 m'm @ 5850 °C 2900 *C e B 29333 ::m :g:g ?;r‘a!
E::::-: rc::::: ::;3 :‘:: Electric |Rel Temp. 25,0 c| 373 h : u?fs kg
| 5650 *C Heater 90,0 * @ 4320 m'h Operation Cycles |
|*}Heat loss (appre. 1,93 MWh |=0.13% Discharge (SGS) 50 nours:
Saona e |Charging (EL) 50  hours|
Standby Bme 0.0 hours|
v |Cycle time fletal) | 10,0 hours|
......... ) e
Moten San | 5650  'C I e
3 g0 C i U=l02 NI
= N2
:‘: Molten Salt E 2900 'C
E u a,
ar . "
AALBORG C$" Made in collaboration
Reference s " TR
Revenues Wlth .
salg afel 44 086.068 . . . .
salg af varme =6 652,000 Investment in storage incl Boiler and heater
Revenues Total 100.738.068 . . . . .
operation expend Using existing Turbine and DH infrastructure
perafion expenditures EMD International A/S
kob af el 75.567.020 =]
Afgifter og nettariffer ] 1 50-1 80 DKKIKWh_ weww.emd.dk

ﬁxemem“msm' ?s_mﬁ\ Investment 4.000 MWH = 650 Mio DKK

ash from Operation 25171, (B =
—

100 MW/1500 MWH ’
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The future Total Utility Requirements - Changing Energy

To supply the population with reliable green utilities such as
Electricity, Heat as well as Fuel in a well balanced network

More Wind

More Solar PV/CSP

More Geothermal energy

More Heatpumps

More Production of Hydrogen from High Temperature
Electrolysis for green transition of the transport sector

Large electrical High Temperature energy storage systems (days/weeks)

Large district heating Low Temperature energy storage systems (weeks/month)

Y
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The future Power grid “Questions to be answered” - Changing Energy

The future Electricity system
4.700 MW Existing Wind farms

.- 3 x 800 MW New Off-shore wind farms.
) (4.700 + 2.400 = 7.100 MW)

Is a new Cabel to UK of 1,300 MW the solution ? Are we
buying Green Energy ?

JYLLAND - NORGE
IM| D415 MW

Is relying on Power Ex/Import the solution ?7?

Are we in position to plan and consume power only
when the wind is blowing ?

How does EX/IM affect the BNP ??

How about our supply security ?? (Cabel breaks)

Does it have value to be able to store Green Power and
be able to return Power to grid ?7?

JYLLAND - TYSKLAND
IM :

SJZLLAND - TYSKL
683 MW IM :

355 MW
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- Changing Energy

Conclusion

v Reuse existing infrastructure
v Use well khown technology

AND
> Keep the green energy inside
the country
Thank You

-
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