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Transition from Boilers to Renewable Systems

= 2014
Growing tomatoes in the
Australian desert with the
world’s first Integrated CSP
Energy System

= 2011

CSP for district heating
optimized for local weather
conditions o

= 2007-09

First Steam generator
systems & solar tower
receivers for large-scale
CSP power plants 6 x 50 b
- 1988 e erP
Traditional boiler design oz
and development

= 2017

= 2016
CSP developed and installed for
Co-Gen with 330°C thermal oilin
Denmark 2,2 Mwe

Firsrt Order to China SGS 4
Natural circulating Steam
generator 50 Mwe Molten

= 2015

High temperature storage
concept for storing solar and

wind energy (Concrete / Molten .-~

Salt) .-

= 2019
Largest Solar plant in the

World to Dubai.3x2 SGS 3
Natural circulating Steam
generator 600 Mwe 1.800-"

MWt et
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"Experience from thermal systems
and large-scale CSP power plants
has transitioned into technology

integration expertise”
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The Renewable-Palette — Possible Technology Integration - Changing Energy

SOLAR FIELD WIND - BIOMASS - GEOTHERMAL BATTERIES ELECTRICITY/CONVERSION ENERGY USAGE/CO-GEN

Electrical boiler/Heat Pump

Hot water storage Steam turbine
Generator .
Tower DSG/MS Daily/Weeky Seasonally

Steam Boiler

Concrtionsone @ ‘ From the transition experience,
| Thermal Desalination
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Fresnel receiver BIO BOILERS
Parabolic Trough HTF/DST/MS HTF/DST/MS

comes the integration experience”

- HT Electrolysis

Reverse Osmoses
_ Molten Salt days/week.
Steam turbine
Mech. drive
PV Geo-thermal GI_ Heatpump / Absorption Chiller

Chemical Energy Steam condenser

’ Li-ion & Cooling tower

Process / District heat
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The Renewable-Palette — Possible Technology Integration - Changing Energy

Power - to -X- to - Power

SOLAR FIELD WIND - BIOMASS - GEOTHERMAL BATTERIES ELECTRICITY/CONVERSION ENERGY USAGE/CO-GEN

Electrical boiler/Heat Pump

Hot water storage Steam turbine
Generator .

Tower DSG/MS Daily/Weekly Seasonally

. ' GI-( .

Fresnel receiver BIO BOILERS

Concrete/Hot Stone @ ‘
- Thermal Desalination
Parabolic Trough HTF/DST/MS  HTF/DST/MS i ; |-| HT Electrolysis is a COHCEpt that is based on bOth
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"Power-to-X-to-Power
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Reverse Osmoses
Molten Salt days/week.

. i rmj transition & integration”

GI_ Heatpump / Absorption Chiller

PV Flat thermal panels Geo-thermal

Chemical Energy Steam condenser

’ CAO Li-ion & Cooling tower

R L S

Process / District heat
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Power-to-X-to-Power contribution to Energy-Transition & - Changing Energy
System Integration

Retrofitting of Coal-
Power-Plants (CPP)

Power-to-X-to-Power

Expansion of Wind
Farms Synergy

Abstract Structure/Elaboration
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A. Retrofitting of (CPP) with P-X-P - Changing Energy

* Global Energy Policy Demolishing of Coal components « Example of 4.0 GWh,, CPP

o) CO, emmessions & enviroenmental aspects o  Such as, boiler, chimney . Initial Investement

* Decommissioning of CPP (i.e NG)

Replacement with RE-Package o Investement in H-TES, EB, SGS, TES-tanks.

o  Competing resources (natural gas) are also a reason o MS-Electric Boiler, SGS & TES e Potential Savings

e  Commercial Feasibility of TES o _17Qq ot o  THE REUSABLE ASSETS HAS LONG LIFETIME WITH
ty f Re using OfBXIStlng components CONTINUED MAINTENANCE
o  Steam Turbine Generator, Transformers, H.V switch-gear o  Lowertemp = longer lifetime

o Capacity of TES projectin (e.g. China) & water treatment plant/DH system, if any.

EEEEEE—————
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A. Retrofitting of (CPP) with P-X-P - Changing Energy

Potential CO2 saving from 3 Coal Fired Plants in Denmark

_ _ _ CO2 Savings Denmark Equivalent
3 Coal fired plants Combined CO2 in 2017: to 64% of total Privat Cars

4.609.111 Ton.CO2/Year 2017.

Potential equivalent CO2 if from cars:

Reduction number of cars: 1.936.601
Total Cars in DK.2019 3.002.889

Or 6.000 Jumbojets CPH — New York t/r




AALBORG 8%

A. Retrofitting of (CPP) with P-X-P - Changing Energy

Commercial Feasibility of TES

China 1st Phase 20 Pilot CSP
Projects Distribution

Qinghai SUPCON Solar Delingha

oyal Tech Yumendongzhen
50MW MS Tower Project

50MW PT Project

Northwest Engineering Gonghe
50MW MS Tower Projectct

molten salt PT Project

Projects commenced and planned to

Huanghe Hydropower Development
135MW DSG Tower Project

Rayspower Group Yumen
50MW PT Project

CECIC Gansu Wuwei Solar
g Power Gulang 100MW PT Project be Completed before end 2020

Beijing Shouhang IHW Resources |
Saving Technology 100MW MS ‘
Tower Project

Inner Mongolia China
Nulcear Royal TechWuzhonggqi
100MW PT Project

China Three Gorges New Energy
Jinta 100MW MS Tower Project

{ 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 ~

Northern United Power Urad 50MW CLFR Prolect I
| Dahua Inc. Shangyi 50MW DSG Tower Project | =

I CITIC Zhangbel DSG 50MW CLFR Prolect 2

T———

-l ZhangbelHuaqlang Group Zhangjiakou DSG 50MW CLFR Project ]

e e o
http://en.cnste.org/html/news/2017/1013/330.html -
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A. Retrofitting of (CPP) with P-X-P - Changing Energy

Commercial Feasibility of TES

Projects commenced and planned to be completed before end 2020

Storage

Project Name

(Hours)

CGN Delingha 50MW HTF PT Project

Yumen Xinneng S0MW MS Tower Proj
Shenzhen Jinfan Akesai SOMW MS PT Project

9
Qinghai SUPCO ha S0MW MS
Beijing Shouhang IHW Resources Saving Techno 100MW MS Tower Project E
6
15
Inner Mongolia China Nulcear Royal Tech Wuzhongqi 100MW HTF PT Project 4

19 gtatus < acts DCTC Dunhuang SOMW MS CLFR Project 13

sep- e sCa ro) Zhangbei Huagiang Group Zhangjiakou S0OMW DSG CLFR Project 14
A \arg \eted Rayspower Group Yumen S0MW HTF PT Project 7
om? Northwest Electric Power Design Institute Hami 50MW MS Tower Project 8

Project Name Format: Investor/Developer Name + Capacity + Technology

Abbreviations:
MS—Molten Salt; PT—Parabolic Trough; CLFR—Compact Linear Fresnel Reflector; DSG—Direct

Steam Generation; HTF—Heat Transfer Fluid
http://en.cnste.org/html/news/2017/1013/330.html




A. Retrofitting of (CPP) with P-X-P

Stack

Air Intake

Bottom Ash

Gypsum

Turbine

HP Heate
LP Heaters

LP Heaters

Condenser

Main Trafo

District Heat
exchangers

' lm

' Coal Mill

Fly Ash Silo

Cooling water

AALBORG €87 [

District Heating

AALBORG C8”

- Changing Energy

Typical Coal fired power plant unit

generating electricity and heat




AALBORG C8”

A. Retrofitting of (CPP) with P-X-P - Changing Energy

Typical reusable assets from converted Coal fired power plant

THE REUSABLE ASSETS HAS LONG LIFETIME WITH N
CONTINUED MAINTENANCE oo S
Lower temp = longer lifetime

A unique chance to make
Green power at reduced
Investment.

District Heating
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A. Retrofitting of (CPP) with P-X-P - Changing Energy

Replacement Equipment-Package

SGS
Block

Superheater ‘

Steam generator

AALBORG Z87

EIf/MS heater




A. Retrofitting of (CPP) with P-X-P

Reheater

Superheater

Steam generator

Economizer

(L

Turbine

FW Tank

Condenser

LP Heaters

Main Trafo

District Heat
exchangers

iemmg §

Cooling water

El/MS heater

1

AALBORG C8”

District Heating

DATE 1 Janz018
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- Changing Energy

Coal fired power plant Retrofitted and
downscaled to operate 100%

Renewable
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B. Expansion of Wind Farms in Synergy with P-X-P - Changing Energy

In Denmark we have 5.000 MW wind

power increasing to 7.500 MW
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B. Expansion of Wind Farms in Synergy with P-X-P

THE ELECTRICAL SYSTEM RIGHT NOW

* - LARGER PLANTS OVER 100 MW 519 MW
* -
* SMALLER FACILITIES UNDER 100 MW 297 MW
JUTLAND - SWEDEN
JUTLAND - NORWAY EXPORT: 615 MW WINDMILLS 334 MW

IMPORT: 1,159 MW SOLAR CELLS 756 MW

NET EXCHANGE IMPORT 2,627 MW In Den mark we h ave

- ELECTRICITY CONSUMPTION 4,333 MW
C02 EMISSIONS 237 g / kWh

5.000 MW installed

ICON EXPLANATION
ZEALAND - SWEDEN

IMPORT: 355 MW WORK OVER 100 MW CGPGCiW;' When the

OCEAN WIND MILL PARK

TRANSFORMER STATION

AIR PIPE, AC Wind is bIOWing

CABLE, AC

AIR PIPE, DC

BORNHOLM - SWEDEN CABLE, DC
IMPORT: 16 MW

GREAT BELT
— 590 MW

JUTLAND - HOLLAND ‘
IMPORT: 687 MW

N

JUTLAND - GERMANY \;
IMPORT: 825 MW

ZEALAND - GERMANY
EXPORT: 1 MW

LAST UPDATED
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B. Expansion of Wind Farms in Synergy with P-X-P - Changing Energy

Vestdanmark, sendag, 3. mar 2019 til onsdag, 6. mar 2019

950 6000

900 5750

850 5500

800 5250

750 5000

In Denmark, beside Wind

650 4500

600 4250

power, we also have Coal

500 3750

~— Elspotpris

450 3500 = QOpreguleringspris
g - S350 Nedreguleringspris
2 Power and the Spot
g 30 3000 &
e 2 | = Elforbrug
£ 300 2750 $ @ Vindmolleproduktion
& 255 2500 OSoIcelIeprodukuon

@ Decentral kraftvarmeproduktion market.

200 2250 (O Central kraftvarmeproduktion

150 2000

100 1750

50 1500
0 1250
-50 1000
-100 750 . EMD Internatlonal A/S
www.emd.dk

-150 500

‘0> @

-250 0

" energyrro Windors windera
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B. Expansion of Wind Farms in Synergy with P-X-P - Changing Energy
Eur/MWh — Nord pool DK1 Export —1.962 MW
@03-2019 7.98 59 D At 59 kr/MWh The Danish Electricity situation
: (Money in the box)
“Blowing in the Wind”

6500 |

6000 |

5000 |

4000

4.237 vw 57 crxwn 6199 vw



B. Expansion of Wind Farms in Synergy with P-X-P

Eur/MWh — Nord pool DK1 Import — 1.833 MW

11-03-2019 | 4521 335 kr_> At 335 kr/MWh
(Money out of the box)

6500

1.892uw

o 4.841 vw 399 crkwn 3009 ww

AALBORG C8”

- Changing Energy

The Danish Electricity situation

2 days later!

‘Blowing in the Wind”

Cost of storage — Who pays ??
Can it be used to pay back the investment ??




B. Expansion of Wind Farms in Synergy with P-X-P

Parabolic Trough — Thermal oil g?_u;qq F— —

Enrichment

/B/q;ﬁb

Solar Tower receiver HT Electrolysis

Molten Salt

L y—

e

Steam Boiler

% Solar field

Fuel

CHP Electricity
to Grid

_— - -
____ District
Heating

Stabilization

Hot Molten Sa

Wlnd turbine farms 555 = 0°C Geothermal plants
And heat pumps

Direct

Surplus
Heat to
LT Storage

LT—-TES
Season

Surplus EIectncnty Electrical Salt

District

From Gri
om Grid Heater
“ Solar heaters

;\::/Iar cells ““ "" P
2R

. Heating
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- Changing Energy

A solution can combine CSP and

surplus Wind Electricity with high

temperature and low temperature

storage
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B. Expansion of Wind Farms in Synergy with P-X-P - Changing Energy

Surplus Wind and Solar Electricity charging to High Temperature Energy Storage - Discharge on demand

|é-%% - —

Enrichment Fuel

="

CHP Electricity ‘ON-DEMAND’
to Grid
Stabilization
Steam Boiler "

—— . .
District
Heating

Surplus

Hot Molten Sa - — Heat to
Geothe LT Storage
LT-TES

565-270°C | |
:n‘ I ' RRd heat pumps
ici vand Season
Surplus Electricity Electrical Salt

Idt vand
From Gri istri
id Heater Tk DlStI‘!Ct
| Heating
“ Solar heaters

PV ALY "" ]
Solar cells ““ '

BASE CASE

HT Electrolysis

‘

Wind turbine farms
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B. Expansion of Wind Farms in Synergy with P-X-P

Integration with low temperature energy Storage - (PTES)

| 2
Enrichment Fuel

HT Electrolysis %B
B o
/ EI EP)
CHP ectricity
to Grid

Stabilization

Steam Boiler 7

District
Heating
Direct

Wind turbine farms

Surplus
Heat to

Geothermal plants LT Storage

And heat pumps

— =

Surplus Electricity Electrical Salt

From Grid Heater Tkm
“ / Solar heaters
PV LR ""
olar cells ‘
B+ {444

LT-TES
Season

District
| Heating
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B. Expansion of Wind Farms in Synergy with P-X-P - Changing Energy

ﬁa b~

Enrichment Fuel

HT Electrolysis
Y! __—

BASE CASE

Electricity ‘ON-DEMAND’
to Grid
Stabilization

A solution can combine CSP and

Steam Boiler /'

District
Heatin,

Wind turbine farms

surplus Wind Electricity with high

Surplus
Heat to

LT Storage temperature and low temperature

Hot Molten Sa

565 =270°C Geother
And heat pumps

storage

\ / LT—TES

Surplus Electricit ldtvand ] Season
P v Electrical Salt

From Grid District
Heater Tkm .
Heating
“ Solar heaters

PV L0
) G

Solar cells

- >
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B. Expansion of Wind Farms in Synergy with P-X-P - Changing Energy

Principal future Wind/Electrified power plant with Molten Salt HIGH TEMPERATURE Energy Storage

N

Electricity to grid
24 hours per day

l Turbine/Generator

- o Utilization of
o — Condenser DH / Cooling tower
L» excess generated

power in the

Electric
Molten Salt heater

Storage
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Investment Cost of EB-TES-SGS Package - Lhanging Energy

Installation of one plant 4.000 MWth High temperature Energy Storage

Om Elsystemet lige nu

Jylland - Sverige Elsystemet lige nu . H
tsport: 6620w | R Investment cost 100 mio or 650 mio DKK
o Centrale kraftvaerker 368

Decentrale kraftvaerker 289

A Vindmeller 2.615 .
T Soexs NI Investment in 40.000 MWth (10 x 4.000 MWht)
ettoudveksling impo
Import: 999 MW Elforbrug 4.319 _ _ :
CO2 udledning 70 g/kWh - 10 X 650 - 6 ] 5 b I | I . D K K
N IKONFORKLARING v
4000 e Sjeelland - Sverige
L :I'""” =2 -Capex financing through grants from Danish

”’Klimakompenseringsfonde”

Bornholm - Sverige

Import: 15 MW -Opex Business case through :
: . Buying and selling Electricity

4 10 ’ . & S
& . Selling heat
---> 590 MW H H

5 ) . Provision of Grid Balancing and stability services.
Sjeelland - Tyskland
S Eksport: 587 MW

Jylland - Tyskland
Import: 180 MW

Sidst opdateret 27. august 2015 15:43

© Elsystemet lige nu @ Naturgas lige nu

@ Elnettet @ Gasnettet

@ Her bor vi @ Forbindelser til udlandet

It may not be profitable only driven by the spotmarked,

Storing energy capacity must have a value F
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Potential & Possible Sector Integration

Hydrogen and fuel production. Support Green Transport Sector

Hydrogen production need stab

Power supply. Not realisticto

CO2 Enrichment Fuel consider a large scale factory
starting and stoppingas the

T Electrolysis / Q;Pb
Methanol .
" [:] ‘wind blows’. Storage secures
CHP [ . Low price power purchase
Electricity
to Grid.

Stabilization

lé%a -

District
Heating
Direct

Wind turbine farms
Surplus

Heat to
LT Storage

Geothermal plants
And heat pumps

P

LT-TES
Season

Koldt vand

\.

Surplus Electricity Electrical Salt
T1km

From Grid Heater
“ / Solar heaters
PV LR ""
‘ E—
ve o090

District
| Heating

Solar cells




Potential & Possible Sector Integration

Possible integration with CSP Solar plants for Export opportunities

olar Tower receiver Parabolic Trough — Thermal o
Molten Salt

i '
% Solar field
ind turbine farms

M

— =

Surplus Electricity

From V Heater
29

LR
;\)/Iar cells ““

=N
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- Changing Energy

Hydrogen production need stable

CO2 Enrichment

Power supply. Not realisticto
consider a large-scale factory
Starting and stoppingas the
‘wind blow’

Electricity
to Grid.
Stabilization

District
Heating

Geothermal plants
And heat pumps

Electrical Salt

Direct

Surplus
Heat to
LT Storage

District

. Heating
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Achievable supported Political Goals - Changing Energy

70% National CO2 reduction goal

United Nations Sustainable Development Goals

13 ieton
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THANK YOU FOR YOURATTENTION

Hammam Soliman — Ph.D 6th International Conference on Smart Energy Systems
Senior Sales and R&D Manager 6th — 7th October 2020
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