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Analysis assumptions — Scenarios - Gamechangers
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® DK 1990! - Energirelateret CO2

Global contekst — IEA WEO and COP 21

World primary energy demand and CQO, emissions by scenario
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Primary energy demand:

—  Current Policies
Scenario

—  MNew Policies
Scenario

A50 Scenario

Energy-related
CO; emissions (right axis):
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Mission Innovation
More global R&D
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HANGE CONFERENCE

——=  New Policies
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Target:
"Well below 2 degr.”

INDC’s

2050

A tough challenge to realise Paris COP21 targets - significant CO2-reduction needed
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Uncertainties in international framework conditions
(fuel and CO2-prices, focus on green energy etc.)

"I'MNOT A BIG BELIEVER IN GLOBAL WARMING" | =Y

1990 2000 2010 2020 2030 2040

A need for scenarios to handle uncertainties




Global plans (INDC’s) - significant grow in wind solar i

Exhibit 7 Totals 200
Zero-carbon energy sources increase
~1,600 GW compared to ~400 GW net

increase in fossil fuel capacity

Absolute change in capacity between 2013 and 2030; GW

Increase in share of
ero~corbon! enengy

% points po

Well abowve
a=c

i Hisbarsal: 1PR0-2004

« INDC's does not lead to needed reduction in CO2 if "Well below 2 degr” should be realised
« A need for even more wind, solar, RE-fuels and energy efficiency
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Europe — a case with wind and solar mix

Wind ressources
: LSS

EU strongest renewable
energy potential
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Europe - A high population density region
with a mix of wind and solar ressources
- A representative case
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European scenarios — to cope with uncertain future

Tyndp 2016 :
Y p\ Tyndp 2018 - (work in progress)
Q‘ - Distributed generation
PARIS 7015 « High impact from “local” prosumer solutions
ONTRACK FOR + EU on track with 2050 vision
o « High oil prices (IEA New policies) and high CO2
prices
50% electricity from wind/solar in 2040
National European
Green Green . .
Transition Revolution  Global climate action

A STRONG « Strong international green framework
\MEWO « EU on track with 2050 vision
* Moderate oil prices and very high CO2-prices
Slowest Constrained (IEA 450 PPM)
Progress Progress «  50% electricity from wind/solar in 2040

+ Sustainable Transition
* EU not fully on track with 2050 vision
* Low oil/natural gas prices and moderate CO2-
prices (IEA Low oil price scenario)
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RE-electricity potential ressources DK

Socio-economic cost of energy 2030 excl. integration (LCOE)

RIS Cost of electricity Bi0-CHP
— Qnshore wind Offshore wind
R i i T
400 Z A/i
-
200 -
oL _F
0] '’ ' 100 150 200 250 300 350 400
13 ‘so Elproduktion (TWh/ar)
Coal-CHP (interval) -—— Power consumption scenarios
— Onshore wind (high scenario) PV solar
—— Offshore wind (up to 35 m depth) — Wave power
— Offshore wind (more than 35 m depth) — Bio CHP

Technology data 2014/2015 and 4% discount
Solar large scale not illustrated
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Ressources and cost for fuels

(2030 if all biomass is allocated to fuels)

Fuels demand today would require

Today primary used for heat and CHP more than 30 GW extra windpower

500 AN if power-to-gas should deliver
T; / B G_ _'/_ C_02_233-5
5%128 Marg. bio B ! __Gasoll + €02 (2035)
g / etc.  \ys ' Electrolysis (power 2 gas) I I
g 2140 ‘\eEC; P T
§ .3120 2 Energy- i
Q 5100 == Wpori<rops I
14 1 . Natural.gas +.CO2
o @ 80— straw |
2.E g0 Wastem — =~ ’ Consumption of fuels . (2035)
33 40 -mun. 2050 2035 (gas+liquids) 2013
® o I I '
g Y 20 I I |
« 0 T T T 1 T l T T T T i T 1
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Fuel production (PJ)

A significant demand for fuels - electrification is needed to solve the “fuel” challenge
Natural gas cheaper than gasoil - RE-gas cheaper than biofuels
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Power production

TWh Scenarios 2030 >
SCENARIO 3 SCENARIO 4
Green Green
nations Europe
<
SCENARIO 1 SCENARIO 2
Moderate Moderat
nations Europe
v
mmm Wind (offshore/onshore) Solar A high electrification
msm Decentralized mmm Central power in scenario 3 and 4

—Electricity consumption « Wind/solar increased
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Post 2030 - Towards RE-based energy supply in 2050

Pl/year
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B clectricity

[ wind, solar,etc. [} Biomass/waste Natural gas I oil/coal RE-gas/biofuels [l DH/surplus heat
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System integration at different plant types
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System analysis of a central energy plant with Sifre model

Black numbers are Energy flows in MWh over 24 hours

Red numbers are prices in DKK/MWh
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El-proces
Light,it,cool

- Figure 2.1 == World primary energy demand and CO, emissions by scenario
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Figure 2.1 == World primary energy demand and CO, emissions by scenario
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Case with straw used for biogas
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Summing up
« The COP21 (Paris) aggreement i very ambitios. A need for very large

increase in wind and solar power

« A high need for electrification heat, transport sector to reduce CO2 and
reduce need for fuels

* A need for fuels (gas/liquieds) for heavy transport, aviation, peak-power

A need for further development of new central energy plants - suited for
wind/solar dominated regions

« A need for further development of decentralized bio-energy plants
(biogas/power-to-gas) solving the energy-agro integration

2017-04-13 Energy system scenarios for Denmark & Europe 16
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