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About Denmark

Part of Scandinavia in
northern Europe -

Population: 5.6 million

Member of the European Union -
(EU) since 1973 .

Mixed market capitalist economy

Gross Energy Consumption 785
PJ (2012)



Electricity grid
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Gas grid

Owned by other companies
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Headlines for 2020: Energy agreement

| These are the headline results for 2020:

More than 35% renewable energy
in final energy consumption

Approximately 50% of electricity
N consumption to be supplied by wind power

7.6% reduction in gross energy
consumption in relation to 2010

34% reduction in greenhouse
gas emissions in relation to 1990
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The Wind Power Challenge
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Wind power may exceed demand
in 200 hours (West DK)
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I Wind power ——Demand

Wind power may exceed demand
in more than 1,000 hours
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Integration of Wind Power

> International
connections

» Cross-border
markets

» Smart Grid

» Integration of
electricity, gas, heat
and transport

» Storage of wind
power

» Green gases
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The Transport Challenge

e Transport energy in DK is 25 % of
total energy, share steadily increasing

e Road transport energy is 20 % of
total energy consumption

e Road transport is 78 % of transport
o Today almost 100 % depending on oil

o Globally transport uses 20 % of
energy and emits 25 % af CO2
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Selected Transport Initiatives

Tax exemption of BEV and FCEV
(registration fee)

10 m. DKK (1,5 m. EUR) support scheme
for hydrogen infrastructure (HRS)



The Danish Government’s Vision for the
Future Energy Mix in Denmark

» Coal phased out from Danish
power plants by 2030

» 100% of Renewable Energy in
electricity and heating by 2035

» 100% RE by 2050 in all
energy sectors and transport
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2050 e ¥
scenarios  §&& 1
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» Wind: Bioenergy = Danish ressources.
» Hydrogen: Minimizes biomass

> : Coal/oil/gas replaced by bioenergi.
» Zlomass: A compromise.

» Fossil: For comparison (not BAU).
“*Large energy savings in all scenarios.

< Massive electrification in Wind and
Hydrogen scenarios. Moderate in Biomass
and Hydrogen Scenarios.
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Public Funding of Energy Technology
R&D in Denmark

o Public Spending on RD&D Basic Applied Develop- Demon- Market
in energy technology’ [ research research ment stration intro
doubled from 2006 to 2010
— has stabilized after 2010

o Total public budget aprox.
160 million EUR on an
annual basis
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Research and development in new
technologies

New energy technologies should:

Reduce dependency of fossil fuels through
Higher energy efficiency
Increased use of renewable energy

Create Green Growth through
A more competitive energy system
Global commercial perspectives



Technologies supported

Smart Grid and  Other Waves _
systems 4% 2% Biomass and

6% waste
30%

Solar
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Energy efficiency “S8 _ Fuel cells
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The Danish Partnership for
vdrogen and Fuel Cells -
Industry View

IPHE meeting in Rome — December 2014 -
Partnerskabet for brint og braendselsceller



nish Partnership for Hydrogen
and Fuel Cells — Industry led Public —
Private Collaboration

Publication of Strategies and
”"Roadmaps”

Vidensinstutioner
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H & FC will be Key Technologies:

To Balance the Future Renewable
Based Energy System

To Fuel the Transport Sector with
Renewable Energy

To Obtain a Strong Position for
Trading of Electricity

To have an Early Market Entry.



Hydrogen
Technologles are
able to Balance an Energy

System with many
Windmills




Integration of Renewable Energy

PRODUCTIO CONVERSION 1 P STORAGE P> CONVERSION2 P END USERS

POWER DISTRIBUTION

Batteries
FLUCTUATING Electrolysis Supercaps

RENEWABLE
ENERGY
Hydrogen m
storage -

RE gases Fuel cells

Caverns Heat &
power

Bio gas m
- District heating -
& N

Gasification m
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BIO MASS Catalysis Methanol/Synfuels Fuel tanks
WASTE

GAS DISTRIBUTION



Integration of Renewable Energy —
Focus Areas

PRODUCTION CONVERSION 1 > STORAGE P> CONVERSION2 P END USERS

POWER DISTRIBUTION
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Gas Production and Consumption

- scenario

Gas (TWh/ar)

2020 2025 2030 2035 2040 2045 2050
Ar

Naturgas DK produktion (potentiel) Biogas I Forgasning I Elektrolyse Gasforbrug
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— Alcaline,

DTU and TOPSOE Fuel
Cells: SOEC

-
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Number of cells: 12¢
Active cell diamet
Hydrogen product
Hydrogen purity (S
Current density: 4(
Stack voltage: <250\
Stack current: 1300 A
System pressure: 40 bar
System temperature: 120°C
Lifetime: 20 years

Weight: < 2200 kg




From Windpower and Biogas to

Methane

@ Vindenergi lagres i naturgasnettet
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rocess diagram for Methanisation

600 m* fh, CO, =0 MW 600 m’ /h, CH, = 6,6 MW

1714 m* /h
1744 m* /h, BIOGAS = 12,3 MW CH =100 MW

1114 m' /h, CH, =123 MW

HEAT = 1,6 MW




SIEMENS

“The Energy Storage and Distribution Group will
work to provide the necessary know-how on
- RD technology and system integration for conversion
LA and storage of energy to maintain security of
¢ supply in the future energy system based on
¥ renewable energy. The group will work to develop

pathways to a coherent renewable energy system
AkzoNobel 3" by addressing technological, regulatory and

economic incentives and barriers for market

DGC deployment.”
DTU
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Fuel Cells provide
Freedom in Driving
Green



® 6 HRS in operation by December 2014

e Additional 5 HRS planned for 2015

* 100% green hydrogen supply

® Only 70MPa fast fueling (T40)

e Hydrogen pump price same as gasoline
e More than 98% proven HRS reliability

€9,1/kg
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. 21 units

Joint venture HRS company
created in June 2014 - 5 HRS

®

H2 Logic
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Roll-out phases & incentives 2013-2025 | Denmark

2016-2025 2025-2050
Build-up of critical volume Commercial deployment

Up to 185 stations / €227 million ~450-1.000 stations
50% public CAPEX support Public CAPEX & OPEX support Commercial market terms

FCEV test fleets ~110.000 FCEV’s by 2025 (4,5%) ~50% FCEV of car fleet by 2050




EV driven km historic | Denmark

t of 17 FCEV’s has accumulated 255.000 km
r a single FCEV is 68.000 km since may 2011

mark’s fl
Highest mi

Driven km in FCEV's historic: 255.703 km
2014

FCEVs in Denmark - from operation start () to latest date

KBH (Jun-2013) 4.656 All data may not be | |
KBH (Jun-2013) 5.102 updated at stated date m km status
KBH (Jun-2013)

KBH (Jun-2013)
KBH (Jun-2013)
KBH (Jun-2013)
KBH (Jun-2013)
KBH (Jun-2013)
KBH (Jun-2013)
KBH (Jun-2013)
KBH (Jun-2013)
KBH (Jun-2013)
KBH (Jun-2013)
KBH (Jun-2013)
KBH (Jun-2013)
Jylland (Maj-2011)
Jylland (Maj-2011)
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IRS network status Sep. 2014

all A70-T40 HRS’s since operation start (June 2011) — 99% Availability
ing Q3 2014 — generally increasing with no. of FCEV’s

Hydrogen network operation status | Denmark
H70-T40 Hydrogen Refueling Stations (SAE J2601) |Sep. 30, 2014

No. of refuelings

m B Total kg dispensed HISTORIC - from operation start

99% availability 99% availability

1165

0




End Users -
Hydrogen and Fuel Cells




Danish Micro combined
Heat and Power

Boligenergi fra
braendselsceller
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Early Markets Segments

Dantherm Power - BackUp power
with fuel cells
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Danish Export
Hydrogen and Fuel Cell
Technologies




ort of Energy Technologies
2010 - 2011
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Affordable costs of new energy
strategy borne by consumer
tariffs, PSO and taxes =====

3% Euro/week per household in
2020




1. Danish Energy Policy is a
Strong Driver for
Technological
Development within

Hy d rogen d nd SU & Hydrogen and Fuel Cells
Ce' IS | . Hydrogen and Fuel Cells

Play a Key Role in will Play a Key Role for the
the Future Future Energy System

' &T‘The Transition is
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Hydrogen and Fuel Cell

Products have the

ywPotential of Economic
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