Global

Challenges

Creating
Smart, Green &
Liveable Cities

venture. Yes we can!”
Karl Stoltz, Deputy Chief of Mission, US. Embassy in Copenhagen

"I come from India and am always very skeptical
of how much the people are concerned about
green issues.

This was a great demonstration. | am very
inspired and will carry your motivation and

message to my people”
Umashsu Paneholy, C40 network

"Amazing. Very impressive and good practice by
the Danes. Could be replicated world-wide and
we could have a sustainable future!!

Keep up the good work”,
S,

Bogadi Mathangwane, Botswana Water Affairs
State of Green
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Martha Marriner

Project manager - Head of

clean energy
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Powering our
Future with
Sustainable Energy

Global
Challenges

Moving
Towards a
Circular Economy
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As an organisation ‘

As a nation
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o 0 We are your single point of entry @ to key green players in Denmark
"
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Politicians Authorities Companies

L We serve international political and commercial decision makers
|

A
'What gives us credibility and agility‘

Public Public - Private Private
Partnership

S,
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Public

Public - Private
Partnership

Private

[

MINISTRY OF FOREIGN
AFFAIRS OF DENMARK

® @ Danish Ministry
< e of Energy, Utilities
-~ @ and Climate

Ministry of Environment
== and Food of Denmark

—— = —— MINISTRY OF INDUSTRY, BUSINESS
AND FINANCIAL AFFAIRS

A
Business organisations

" DANISH
ENERGY

Representing 60 Danish
energy companies

00

Confederation of Danish Industry

Voice of 10,000
Danish companies

\

o
DANISH WIND I
INDUSTRY ASSOCIATION

Representing 200 companies
in wind energy

Danish Agriculture
& Food Council

Representing 186,000 employees in
the farming and food industry

|
Corporate sponsors

Vesias

Sustainable wind
power solutions

Darifold

Sustainable energy
technologies

RAMBGLL

Engineering sustainable
constructions

-
'y
FAGLIGT FELLES FORBUND
Largest trade union,
representing 280,000 employees

Orsted

Leading green
energy utility

.

2\
GRUNDFOS"
#1 in energy efficient

pumps

ROCKWOOL

World leader in stone
based insulation

Trade union for
230,000 workers

S
State of Green
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Explore Global Challenges

and Sustainable Solutions

Seeking Inspiration & concrete solutions for a sustainable future? Collaborate with

Danish expertise and let's accelerate the transition to a greener future together.

)

Sustainable Energy to
Power the Future

Global
Challenges

O

Moving Towards A
Circular Economy

EWII

EWII Fuel Cells

Scaledenmark

Lemvig Biogas

kamstrup

Kamstrup

HansenProfile

S
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State of GreenQ D

Explore Global Challenges

and Sustainable Solutions

Seeking Inspiration & concrete solutions for a sustainable future? Collaborate with

Danish expertise and let’s accelerate the transition to a greener future together.
Lighting Metropolis -
collaboration across
borders

%
Sustainable Energy to
Power the Future

Global
Challenges

Triple helix playground
Y o innovates smart grid
Moving Towards A solution

Circular Economy

¥
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Connect. Inspire. Share. Think Denmark




Whalwe do¢ ;

IS
-

Sharing
knowledge
and fostering
relations

Not-for-profit
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180

delegations
each year

We create connections

across the globe

M| 50

countries
each year

|
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As an organisation

As a nation ‘
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The story of Denmark’s green transition

Stepping stones

- 99 % dependent on
imported energy

- Oil crisis with soaring
prices hit Denmark’s
economy hard

- A wake-up-call: From
energy security to energy
diversity

1970

K

<

Energy and resources

@ ED

Renewable energy in energy consumption

O E

Water savings

S

Share of household waste recycled

K

b
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The story of Denmark’s green transition

Stepping stones

1971: World's first ministry of
environment established

1976: Denmark’s first national
energy action plan introduced

1985: Denmark’s parliament: No to
nuclear power - yes to expansion
of wind energy capacity to 100 MW
and focus on energy efficiency

1985

K

<

Energy and resources

C N

Renewable energy in energy consumption

OEETD

Water savings since 1980

CEED

Share of household waste recycled

X
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The story of Denmark’s green transition

Stepping stones Energy and resources

- 1987: the first aquatic plans are @
made with stricter waste water ‘ 188 2050
treatment Renewable energy in energy consumption

157 pemmarcvecomesser.  QEOET D

sufficient in energy through own
production of oil, natural gas and

enewablecnerdy CEAD

Share of household waste recycled

Water savings since 1980

- Continued focus on energy
efficiency in industries and

households
Q

1970 State of Green
. C Inspire. Share.Think D k
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The story of Denmark’s green transition

o o
>«
Stepping stones Energy and resources _—
- Danish Energy Agreement in
2012: Denmark -@ ¢
independent of fossil fuels Renewable energy in energy consumption
by 2050
T () a0va
- The agregment iS. Water savings since 1980
characterised by its
>05()  ambitiousscope broad L Coan
political support and Iong Share of household waste recycled
time horizon
ﬁ |
2012
: S

State of Green
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The story of Denmark’s green transition

June 2018: New Danish Energy Agreement

- Agreement reaffirms and strengthens Denmark’s climate and energy goals
towards 2030

2050

- All parties in the Danish parliament behind agreement

' "‘ - Fulfills obligations regarding the UN SDGs

I"’

Key elements:

Three new large offshore wind farms - 2,400 MW

New funds for onshore wind and solar energy - EUR 560 million

Targeted effort to realise energy savings -EUR 67 million
Strengthening energy and climate research - EUR 78 million up to 2024, hereafter EUR 134
million

S,

19.70 State of Green
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Decoupling our economic growth from our CO2 emissions

1980 = INDEX 100

200 GDP inreal terms (+90%)
180
160
140 2050
120
100 Gross energy consumption (+4%)
80
60 CO2 emissions, adjusted (-40%)
20 Water consumption (-42%)

20

19.70 State of Gree
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Denmark’s energy consumption 2017 Non bio-waste Powerimport
18P 2% 2% 16 P

Natural gas ‘ Coal/coke :
- A~

So-—l
16%0 117 9% 66 P

Renewable
32.7% 244p

Oil
38% 255p)

P e O SR

)
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100% \,
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Denmark’s energy consumption 2017
- renewable energy sources ‘

... _~Renewable

32.7% 244p

| % |
100% 2050

/77

277 other R “\wind energy

9% 4% 4%
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Wind Energy
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Wind Energy’s role in the Danish energy system

Denmarks energy consumption in 2017

Non bio-waste Power import
18P 2% 2% 16P)

Oil Natural gas ‘Coal/coke < Renewable

:‘ N

38%b 285 16% 117p W 9% 66 P) - 32.7% 244p

® Wind Energy
/ 22% of Denmark’s overall renewable
energy consumptionin 2017

Sy

State of Green
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Wind Energy’s role in the Danish energy system

+ 4,211 MW

1.3 GW

Sy

State of Green
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Wind energy’s role in the Danish electricity system

43.49% 60% 90-1009%?

2017 2021 2030

S,
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How did we get here?

S,
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The Nordpool Exchange ‘
Achieving a secure, stable and green electricity .
supply via integration with other markets :

TLAND - NORWAY

PORT: 1.264 MW /{‘

JUTLAND - SWEDEN
IMPORT: 541 MW

A
1. Nordpool Exchange, where we import

and export power with our neighbours / ( MPORT: 753

2. Holistic and flexible energy system
3. Well-developed transmission /
<4

infrastructure

Denmark’s high share of powerin the
electricity supply is due to:

THE GREAT BELT
— 284 MW

. ZEALAND - GERMANY
4 EXPORT: 2 MW

D - GERMANY
I: 690 MW




The Danish ecosystem for Wind energy

U The Danish wind sector is characterized by
strong collaboration between state, industry,
universities and venture capital

U Denmark houses the entire value chain for
wind energy, ranging from manufacturing of
the turbines and subcomponents

U Home of the first wind energy master degree

U Home to 7 test centres

U High levels of R&D investment + stable, long-
term government policies

DENMARK FROM ABOVE

Import capacity 1,632 MW
Export capacity 1,632 MW

Frederikshavn
7MW

Import capacity 680 MW
Export capacity 740 MW

Sweden

-
Anholt
400 MW

2013

Import capacity 1,300 MW
/ Export capacity 1,700 MW

Houadomn ""“"9'"“""

Technol 40 MW
vndom Holme
11 MW
R bl 2009/2010 \

Import capacity 600 MW
Export capacity 600 MW

Import capacity 700

Export capacity 700 Kriegers Flak
600 MW
2021
Import capacity 1,635 MW
Export capacity 1,915 MW
Import capacity 400 MW
Export capacity 400 MW
Germany import capacity 600 MW
Export capacity 600 MW
Selected onshore < e Wind penetration Name of wind farm
wind farm == (Cable connections (Current) @ Test facility by municipality )' Capacity in MW
Offshore wind farm . 0-9.9MW | Year ofM\mlssmmng
(Commissioned) = (able connections (Proposed) @@ Place of Interest o au 3 |-

TUnderconstruction - Under construction I 50-99.9MwW



The politics of wind energy in Denmark

Broad-based political agreements
+ high R&D spending
2018 Energy Agreement:

A Renewable energy to provide Denmark’s electricity needs
by 2030

A Three new offshore wind farms to be constructed, adding
2,400 MW to existing capacity and generating more than
enough electricity to cover Danish households’
consumption

R&D

A Denmarkis ranked 9th when measured in terms of
expenditure on R&D

A Home to the largest wind energy faculty globally
Low bureaucracy

A Simple and transparent procedure for the approval of
offshore wind farms

S,

State of Gree
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Why wind energy?

Cost of newly built power generation
technologies

Levelised cost of electricitw’MWh

\ \ o O
70€

/i*- I~ . a
55€ 65€ 68€ 72€

-
A2 4

113€

Dos Coal Huclear **

A Y
nshnore wind LiTshore wind ™ Solar

Source: Bloomberg Mew Fimance (2016-prices], Year of FIC
Prices reflect Morth Western Eurcpean market conditions, which express a globol trend, Specific prices may vary ocross regions.

* Offshore: Hornsea 2, UK (cost including tramsmissiom]  ** Muclear: Hinkley Point, LIK

S,

State of Green
Connect. Inspire. Share.Think Denmark



As the size of wind turbines increase, the price of
wind decreases

Today's turbines are bigger and more efficient at generating Cost of onshore wind, LCOE, S/MWh

ner
energy 100 -
95 -
a0 A
164m i
el 154m 85
Boeing 747, 7&m 80
120m 75 A
107m j
a0m 70 1
80m 65 -
60 A
85 A
SD T T T T T T T T T T T T T T T T T T T T T 1
2001 2005 2007 2011 2014 2016 SES3335333335555RRRRRERR
O o= ~— O 0 = — O 00 o= o O 00 o o O Y O —
oo 0000 00 T ITIITIITIIIICI

Courtesy of Orsted &S5

State of Green

Connect. Inspire. Share.Think Denmark



Illuminating West Partner
Africa with wind Vasias,

Challenge

A Approximately half of the African continent are connected to the grid, which
relies on an unstable, fossil-driven electricity supply + energy demand is set

todouble by 2030

Solution

A West Africa’s first large-scale wind farm is being erected north of Senegal’s
capital, Dakar

A 46 wind turbines will produce enough energy to meet 15% of the country’s

energy supply

Result

A Two million Senegalese households are provided with green electricity

A Theintegration of fluctuating renewable sources alleviates Senegal’s

frequent power cuts and reliance on fuel imports

il‘xil 1?% \ :>\

A Senegal can act as a success story to attract more renewable energy e

investments to Africa State of Green
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Wind turbine Partner

Cooperatives ii. K@BENHAVNS KOMMUNE
A/

Challenge

A Copenhagen’s population is growing, increasing the demand
foraffordable, green electricity. However, space is limited,
wind projects are costly and there is public resistance to them

Solution

A AWind Turbine Cooperative half-owned by the city-owned
utility company and the remaining half of the shares sold to
8,650 members of the local community was established

Result

A 20 wind turbines supply green electricity to Copenhagen
residents

A Surveys indicated wid,e?jpread popular support among
Copenihageners for wind farms

State of Gree
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Explore solutions
within wind energy
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https://stateofgreen.com/en/sectors/clean-energy-sources-sector/wind-energy/
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