160 | .
- g — Naturlig
"’E“‘” \ — Reguler
120 i
{=2 — —
S0 (I‘
=] = =
"E 80 EH W 2
| § z £
>60 E’J a 0 x
A5 w1 |2
A 'l Klekking J%.
" Vinterhabitat | yngel habitat 1 gyt
LI T - T R T

Increasing the share of renewable
energy in the global energy mix
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Ensure access to affordable, reliable,
sustainable and modern energy for all
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The role of hydropower
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Energy-water-food nexus
- development versus environment?

« Energy is vital for
eradicating poverty, 2,5

Increased demand

50% by 2030 (IEA) billion without reliable
Energy access to electricity
« 2,8 billion live in areas
with high water stress
Climate
Chan e * Use of resources,
? degradation of habitats,
. FOdfzd “d .' W?dtder j pollution and emissions
S my 2030 s « Water for food production

(FAO) (IFPRI)

« Climate change impacts
on draughts, floods,
water for energy and food

» More reservoirs and potential impacts on rivers and lakes




Sources of Greenhouse Gas (GHG) emissions

F-gases 1%

Nitrous
Oxide
8%

Methane
14%

Carbon Dioxide

Carbon Dioxide (fossil fuel use)

(deforestation, decay of 57%
biomass, etc.)

17%

Carbon
Dioxide (other)
3%
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Why talk about
hydropower?
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Hydrological
circle

« Powered by
the sun

« About 50 % of
solar energy
used to drive
the hydro circle

« Hydropower
= solar power




World Electricity Generation
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Hydropower— Resource base

Abundance of water, high head, large natural reservoirs
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Hydropower and Climate Change — A Global view

PROJECTED
CHANGES IN
HYDROPOWER
GENERATION
(2050)

® 0to12999 kilowatts
@ 13000 to 62 000 kW

® 0to-2999 kW
@ -3000t0-8000kW
B countries that rely on hydro-

power for 50% or more of
their total power generation




Hydropower Potential — A Global overview (IPCC-SRREN)

North America Latin America Europe Africa Asia Australasia/
Oceania
-l. -l. ... -u@® I __®

388 1659  61%* 608 2856 74 %* 338 1021 47 %* 83 174 92%* 2037 7681 %* 67 185 80 %"
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World Hydropower
Technical Potential:
14,576 TWhly

Technical Potential

. Capacity [GW]
. Generation [TWhly]

Installed [%)]
*Undeveloped [%]




Hydropower development

« Increase capacity in « Retrofit non-hydro
exisiting reservoir hydro dams

CEDREN Centre for Environmental Design of Renewable Energy
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Environmental design
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« Build the right reservoir in
the right place the right way

« Operate the hydropower the

right way Increasing power
production

1,
o) .
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Need to keep some undisturbed nature.
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Wind + Solar energy in Germany week 12 2014
Capacity ~30 000 MW Wind + 30 000 MW PV

35000 I i i T i I
Sum Wind + Solar PV Generation in Germany week 12, 2014
30000 | | |
| | |
24/3 2014 at 20.00
25000

- 550 MW in production
59450 MW unused
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15000

10000

Solar PV Generation MW




El-generation from Wind (135000 MW)
and Solar (95000 MW) in Europe 2012
2500
m Solar PV (94456 MW)
| ® Onshore Wind (134815 MW)
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Simulated wind production in the North Sea area in 2030
- 95 000 MW installed capacity
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Wind Power North-Sea Region - Jan — March
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80 000 MW
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(Wind data 2001)
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One week balancing means
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Ca 30 000 MW in 168h > P
= 5 000 GWh energy storage

Same as 1 000 typical pumped
— | Storage plants

Same as 714 million Tesla
Powerwall Home Battery
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Norwegian . >

hydropower S (\
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Currently: s

32 GW ¥

130 TWh/year };_L_

reservoirs

« 20 reservoirs with
more than 100 Mm?3

capacity possible

« ~15 TWh always
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CEDREN Case

study 2030
20 000 MW
possible
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Reservoi



Flood protection
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Irrigation and water supply







Combination of renewables
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Source: IHA
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Hydropower and reservoirs are needed

ZERD GOOD HEALTH CLEAN WATER ABLE Al 1 3 CLIMATE 1 4 LIFE
HUNGER AND WELL-BEING AND SANITATION | Y ACTION BELOW WATER
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