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Outline 90

 The need for energy

* Primary energy versus energy services
« Key new renewables: Wind and solar

* Resources available

e Storage




The world needs more energy! Trye? 69@
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About 78 % of present primary energy comes from fossil fuels.
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The concern: Greenhouse gas emissions (¢®e@
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Drivers in CO, emissions ‘90
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More renewables and higher efficiency




Forecast by DNV-GL (2017) 90
Global electicity generation capacity by generation type
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Affordable and clean energy...

Important to several SDGs

* Improve availability
* Increase efficiency
 More renewables

« Improve standard of
living without increased
use of energy

Figure 5: Carbon-Dioxide Emissions under REmap 2030
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More energy to improve standard of 90
living?  True?
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From coal to light - incandescent light bulb 690

Coal Electricity Electricity Light Light
Primary Secondary Consumed Useful service
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Losses: Heat Transmission Heat Idle etc
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From renewables to light - incandescent light bulb 6@ ®

Electricity Electricity Light Light |
Hydro / Wind / Solar Consumed Useful service
1
2
4
Losses: Transmission Heat Idle etc
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From renewables to light - LED light bulb 690
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Renewable SIDE 11

energy FGN



Energy services versus primary energy 9@

Same service!
Coal »
Incandescent light

&

Renewables —
Incandescent light

Renewables —
LED light
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Example: Private cars in Norway 90
* Transport work (service): ~6TWh/year

Transport work (6

Crude ol
(36)

engine (24)

refining & distribution(6

Transport work (6

Hydro /Sun / Wind
(8)

Heat losses (1)

Transmission losses (1)
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Renewables and electrification 690

Wind and Solar in front
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A silent revolution? 690

Figure 1.3 = Evolution of China policy targets and projections for solar PV
installed capacity, and solar PV levelised costs, in selected WEOs
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The projections for solar PV in China in successive WEOs show the virtuous circle of policy-
driven deployment & lower costs, bringing the technology to competitiveness with coal

Note: PV = photovoltaic; LCOE = levelised cost of electricity. Source: |IEA World Energy Outlook 2017
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Renewables are competing with fossil se@@
fuels In power generation wrt costs

Average renewable power generation costs in the fossil fuel range in 2017
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GLOBAL WIND ATLAS

GLOBAL SOLAR ATLAS | ENERGYDATA.INFO
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GLOBAL WIND ATLAS
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SOLAR RESOURCE MAP WORLD BANK GROUP

PHOTOVOLTAIC POWER POTENTIAL e o WEOMAP
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The potential exceeds the demands. 690
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Renewables: The intermittency challenge e¢®@®

Net load - March 31
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Storage technologies and applications 69@®

POTENTIAL GRID STORAGE TECHNOLOGY
APPLICATIONS CHARACTERISTICS
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Figure 1. “Storage” is a broad category of technologies and applications that can help utilities balance power supply and demand by
holding energy for later use, like a bank account for energy. Storage technologies are distinguished primarily by capacity and discharge
time. Different storage technologies can be used for each of three main electric sector goals: energy management for daily/hourly
scheduling, operating and ramping reserves for load following, and frequency response and regulation to maintain power guality.

Renewable 22 Source: NREL, 2016: Energy Storage. Possibilities for Expanding Electric Grid Flexibility
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Some additional renewable energy resources (2 4
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Conclusions ‘0

« The world needs more energy services — not primary energy

 Renewables, electrification and improved efficiency may reduce
the total primary energy need, despite increased population and
higher standard of living.

 Wind and solar are vast resources and complementary.
 Wind and solar can compete with fossil based power generation.
« Geothermal, tidal etc are site specific resources.

« Waves, salinity and ocean thermal gradient are not mature
technologies.

« Energy storage is a key to increased penetration of renewables.
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Statements by Karl Eirik Schgtt-Pedersen, s@ @
“Norsk Olje og gass”, 29.01.18

1. Norway’s export of gas to EU corresponds to 10
times the Norwegian el-energy production

2. We need 150 000 wind turbines to replace the
energy in this gas
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Norsk gasseksport

Norge er verdens 3. storste gasseksportor

og gass er en av de viktigste eksportvarene

for norsk ekonomi. | 2016 eksporterte Norge gass
for om lag 164 milliarder kroner. Dette tilsvarer
22 prosent av samlet norsk vareeksport.

Norge er verdens
3. storste Norge
gasseksportor eksporterte
Russland 1 1 1 5 mrd.
kubikkmeter
Qatar 2

gassi2016
Norge 3

L

i

Kiider: SS&/OD/Gassca/NVE/IHSAEA/BP
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Energimengden
tilsvarer 10 ganger
den norske arlige
normalproduksjonen
av elektrisitet

Produsert

og solgt
1/3

“ Omlag

2/3

NORGE ikke
produsert

Norge
23%

LNG
10%

25 %

av EUs gass-

ettersporsel
""Algefie
Andre 8%
8%

2/3 av Norges
antatte gass-
ressurser

er enna ikke
produsert

Russland 31 %

Norsk gass dekker
rundt 25 prosent av
EUs gassettersporsel
inkludert LNG

UK 10% Nederland
10%

N&P

Norskpetroleum.no
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‘90
Statement 1.

Gas export 2016: 115*10° Sm3/year worsk petroieum)
Gross energy content: 39.3 MJ/ Sm3or 10.9 kWh/Sm?3

115*10° Sm3 corresponds to 1254 TWh
Norwegian el. Energy pr year about 140 TWh

|.e. Statement 1 approx. correct — but misleading?




Use of gas versus electricity ‘90

« Gas for generating el. power (efficiency maximum 50 - 60%)
— l.e. 1kWh electrical energy per 2kWh gas energy.

« Gas for house heating (efficiency approx. 80%7?)

 Renewables* for el. power (efficiency 100%)

« Renewables* for house heating (efficiency approx. 300%7?)
— l.e. 3kWh heat per 1kWh electricity

*) Hydro, wind, solar PV

Renewable SIDE 29
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«Primary energy factor» 2.5 690

Renewable
energy FGN

l.e. need 502TWh el. energy to replace 1254TWh gas.

Wind energy: Capacity factor 0.4 — Need 143 GW installed
power.

Next generation wind turbines: 10MW , i.e. need 14 300
units.

|.e. statement 2 is very misleading!

143 GW unrealistic?

Present rate in EU: 15 GW/year
Present rate in China: 25 — 30 GW/year

SIDE 30



Conclusions

Renewable
energy FGN
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Statements are not necessarily wrong, but
misleading

Even Iif energy is conserved it has various quality (2.
law of thermodynamics)

Renewables deliver high quality energy

SIDE 31
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