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= Why we talk about power generation in the context Water-Energy-Nexus
» The water intensity of different power generation technologies
= Potentials of wind and solar PV

» The global status of wind and solar PV
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Motivation
Water Demand for Energy Supply
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Source: IEA, WEO, 2012.
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Motivation
Power Generation and the Nexus

» Power generation is the energy sector’s most
intensive user of water (IEA, WEO, 2012).

» Power generation is highly water-dependent:
thermal power plants and hydro-power dominate
globally.

» Electricity's share in total energy consumption will
likely increase with global economic development
(IEA, WEO, 2012).

» Energy system transformations come along with
increased electrification (e.g. electric mobility,
electric heating/cooling)
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The dominant reason for water demand in power

generation »
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Source: FAD, 2011.

» Water demand for condensation of working medium through cooling
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Water demand in thermal power generation for

different cooling technologies
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Once-through cooling
means higher withdrawal
but less consumption
compared to closed-loop
cooling

Dry cooling and hybrid
cooling are technological
options to decrease water
demand, but result in lower
efficiency and higher costs

Deployment of CCS means
higher water demand
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Water consumption including fuel production
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Solar energy resource potential

» Many regions with high
baseline water stress have
considerable solar energy
resource potentials
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Economic potential

Rapid cost reduction of solar PV modules
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FIGURE 6.2: 30LAR PV MODULE COST LEARNING CURVE FOR CRYSTALLINE SILICON AND THIN-FILM

SOURCE: BASED ON DATA FROM EPIA AND PHOTOVOLTAIC TECHNOLOGY PLATFORM, 2011; LIEBREICH, 2011; SOLOGICO, 2012 AND IRENA ANALYSIS.

» More than 20% price reduction for each doubling of cumulative volume

» From 2002 to 2012: 100-fold increase of cumulative production volume

Source:
IRENA, 2013.
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Economic potential

Levelized cost of electricity

- .
SR 0.30 “ Fraunohzgfer » LCOE comprises:
i e —he =% ey = =) ISE R
« Capital costs
g Q.20 ‘Q’ii'ﬁf&s """""""""""""""""""""""" N [ 9=0 « Fuel costs
& Do e - 018 o« (CO2-costs
eﬁ T B —— | 046 * Fixed operation costs
=3 °
Sowle . SEEEN | Yy Variable operation
> T WEC/BNEF, costs
PRSI e G e e By e » Capacity factor
8 o010l e - 0:10
©
6 008 oo - S - s s Nuclear | -4 1 0.08
§ -— S ._“_”WEC/BNEFVZOF‘_ I Eee > Competltlvenes§ strongly
2 2012 - depends on region
B 0.04 oo R [ 0.04
T_J -
E 0.02_ : ~IRENA, 2012 WEC/BNEF, 2013 | 0.02 ' -
0.00 , | | , , , 0.00 » Wind and utility scale solar
PV PV Wind Wind  Biogas Brown Hard Combined o ;
small utility  onshore offshore coal coal cycle PV are cost gompetltlve with
1000- 1000- 1300- 2800- 6000- 6600- 5500- 3000 - new conventional power
1200 1200 2700 4000 8000 7600 6500 4000 plants on a LCOE basis
GHI in kWh/{m?a) FLH in h/a
Source:
Fraunhofer ISE,
2013; IRENA, 2012; WEC/BNEF, 2013; DIW,
2013.
Institute for Advanced Sustainability Studies e.V. IASS @ World Water Week 10



Market potential

Renewable Energy Policies »
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» Renewable Energy Policies have diffused over the globe

» Renewable energy targets (defined by 144 countries) create long-term perspective
for renewables
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Market potential
Investment in power generation 2013 :
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» Average annual investment in nuclear power (2000-2013): USD 8 billion (IEA, 2014)
» Cost reductions, support mechanisms and renewable targets have created favorable environment for
investments in wind and solar PV
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Solar PV and Wind Global Capacity and Additions 2013
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Solar PV and Wind Capacity and Additions in Leading

Countries
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Future Challenges For Wind And Solar PV

S

= System integration: Flexibility options which supplement wind and solar PV
need to be fostered (flexible thermal power plants, demand response, grid
development, storage,...)

= Political reliability: retroactive cuts of renewable support due to financial
problems in some countries create bad investment environment

= Leveling the playing field: Allocation of external costs (e.g. carbon prizing)
and cutting subsidies for fossil fuels and nuclear

= Developing countries need access to financial resources for investment in
renewable energy technologies (high share of capital costs)

= Public acceptance needs to be taken seriously in highly impacted regions
(wind farms, grids, ...)
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Summary

= Wind and solar PV use close to no water for power generation (whole lifecycle)

= Regions with present or expected water stress often have high solar resource
potential

= Costs especially for solar PV have decreased strongly and are supposed to
decrease further

= Under favorable conditions wind and utility scale solar PV are competitive with
new fossil-fueled power plants on a levelized cost of electricity basis

= Support policies for power generation from renewables have shown strong
diffusion over the globe

= Power generation from wind and solar PV has been increasing strongly in recent
years

= Net investment in power generation from wind and solar PV was about twice the
net investment in fossil-fueled generation in 2013
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