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The upcoming fossil fuel supply gap:   The principle situation

SUPPLY faces decreasing extraction rates of fossil fuels
� high uncertainty about remaining resources and production in the future
� not just oil extraction sees its horizon, but also several other energy commodities: 

natural gas, uranium, … coal
� mid-term perspective (until 2020): some switches from oil to gas, from gas to coal, …
� long-term perspective (until 2050): clearly a reduction of all fossil commodities

DEMAND of energy increasing due to 
� higher standards of living
� increasing number of consumers
� climate change mitigation: increasing demand for desalination & cooling & diking
� measures to reduce environmental impact: e.g. filters, catalytic converters or sequestration
� higher effort to gather commodities & stricter safety+security measures

Fossil Fuel Supply Gap: FFSG = DEMAND – SUPPLY
(for multi-annual analysis energy storage neglectable)

� demand must meet supply
Either demand drops strongly or alternate options for energy supply close the gap.

Fossil fuel gap � Renewables � Solar Resources � Technological & Economical Potential� Conclusions 
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The upcoming fossil fuel supply gap:   How to measu re FFSG?

SUPPLY of energy: 
� Fossil fuels deliver primarily heat
� Conversion efficiencies of various commodities into mechanical or electrical energy varies strongly: e.g. 

� nuclear plants: ca. 32%
� coal plants: 35% to 45%
� gas plants: 40% to 60%

Conversion efficiency will increase slightly, but new plants already close to thermodynamic limits.
� not much sense in measuring SUPPLY in barrels of oil or btu
� current “prime energy” not the key to fulfill the current

DEMAND for energy
� We mainly want to drive cars instead of heating them! Take into account av. conversion efficiency 

� gasoline: ca. 18%
� diesel: ca. 30%
� electricity: ca. 80%

� Many processes electricity driven today
� Heating required for buildings, cooking, and other bio-chemical processes 
� Cooling a rapidly rising need!
� hard to give overall numbers summarizing actual energy demand

Fossil Fuel Supply Gap: A matter of time t, location X and type of energy 

FFSG (t, X, type) = demand (t, X, type)  – supply (t, X, type)FFSG (t, X, type) = demand (t, X, type)  – supply (t, X, type)

Fossil fuel gap � Renewables � Solar Resources � Technological & Economical Potential� Conclusions 
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The upcoming fossil fuel supply gap:   Rough estimat e of its dimensions

Crude oil decline from 86 Mb/d 

need for replacement

slow reduction-2%/a - 1.7 Mb/d = - 1000 TWh/a

best guess -3%/a - 2.6 Mb/d = - 1500 TWh/a
fast reduction -4%/a - 3.4 Mb/d = - 2000 TWh/a

Prime energy - but only about half of that concerning electricity!

Fossil fuel gap � Renewables � Solar Resources � Technological & Economical Potential� Conclusions 
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Measures to close the fossil fuel supply gap

� increase efficiency

� consume less
� live slower & friendlier

� reduce increase of population 

� replace fossils by renewable energy
1. hydro power

2. wind power

3. geothermal 
4. ocean energy: tides, waves & osmotic pressure 

5. bio energy

6. solar energy

Fossil fuel gap � Renewables � Solar Resources � Technological & Economical Potential� Conclusions 
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Which supply gaps may be covered by which type of rene wables?

type sort of demand covered characteristics

1. hydro power � power cost efficient, storage option

2. wind power � power cost efficient , intermittent

3. geothermal � power & heat base load

4. ocean energy � power intermittent

5. bio fuels � power & heat & chemical good to store, abundant 
6. solar energy � power & heat & chemical abundant, versatile

� plenty of options to cover demand  -- to be checked: technical & economical potentials
� mostly options towards el. power, which can cover lots of different demand requirements

� road traffic will most likely fully develop towards electric power:
+ battery charging: excellent option to provide effective & high capacity storage, which is 

required due to intermittent production of some renewables

� fuel for aviation: biggest challenge, when oil gets really scarce

Fossil fuel gap � Renewables � Solar Resources � Technological & Economical Potential� Conclusions 



ASPO-7, Barcelona, October 2008 Richard Meyer: Potential of solar energy for replacing fossil fuels 9

Solar energy resources 

Solar radiation is abundant, 
almost everywhere on Earth

Solar irradiance on Earth’ surface 
on average 170 W/m² = 1490 kWh/m²/a
equals almost 1 barrel of oil per m²
= a total radiation flux of 87 PW

=> solar resources 760 000 000 
TWh/a

wind resources: 630 000 TWh/a

Global energy demand in 2005:
all primary energy 138 000 TWh/a
electricity 17 500 TWh/a

Solar irradiance is about 5 500 times 
the current prime energy demand!

Fossil fuel gap � Renewables � Solar Resources � Technological & Economical Potential� Conclusions 

1461               1826               2192               2557  2922 kWh/m²/a
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Solar energy technologies

Photovoltaics (PV)

Solar thermal heating & cooling (SHC)

Solar thermal power plants: Concentrating Solar Power (CSP)

Solar chemical & water processing systems

Fossil fuel gap � Renewables � Solar Resources � Technological & Economical Potential � Conclusions 
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Solar energy technologies: Photovoltaics (PV)

technology easy to plan, install & operate
great success story in the past 5 years:

country  act. growth rate installed capacity (end 2007)
WORLD +29% 7.8 GWel

Germany  +29% 3.8 GWel

Japan +11% 1.9 GWel

USA +25% 0.8 GWel

Spain +78% 0.7 GWel

Italy +58% 0.1 GWel

high investment costs: currently system costs in the range of 4 to 8 €/Wel

+ announcements to bring costs down to 1 €/W
bottlenecks for large scale up: 

- Si production facilities are hi tech & large amount of energy required
- no option for direct storage
- not dispatchable electricity => limit for grid share

+ fully scaleable
+ excellent for small to medium sized off-grid systems

source: IEA PVPS 2008
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Solar energy technologies: Solar thermal heating & cool ing

a simple technology,
but requires sophisticated planing, 
some installation effort & 
production control + optimization

big success story in the past decade
less growth in relative numbers than PV, 
but much more in absolute

low investment costs: currently systems in the range of 0.4 to 2 €/Wth

+ no real bottlenecks for larger scale up 
+ plenty of different technologies proven
+ good options for hybridisation with fossils or biomass
- main problem is financing & decision making process

+ scaleable: good for small to medium sized systems
+ relatively cheap storage to cover daily demand 
– seasonal storage makes only sense in large scale -> district heating

source: IEA SHC 2008
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Example for solar thermal cooling: German School in Bar celona

Collector area: 80 m²

Effective cooling power approx. 20 kWth, heat 30 kWth

Provides cold air for selected rooms 
Covers ca. 70% cooling & heating demand

Plug & play container solution

planned & installed by SunTechnics, 2007
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Solar energy technologies: Solar thermal heating & cool ing

source: IEA SHC 2008

total savings in 2006: 
12.5 million m³/a oil equivalent
= 0.8 Gb/a = 0.22 Mb/a 
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Solar energy technologies: comparison of current en ergy production shares 

0.4 1.4

+ corrected

- 0.07 Mb/d

- 0.17 Mb/d

7% 23% 13%66% 42% 15% capacity factor
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Solar energy technologies: Concentrating Solar Power (C SP)

parabolic troughs

power tower
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Solar energy technologies: advantage of tracking syste ms

higher efficiency

better meet demand
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Solar energy technologies: Concentrating Solar Power (C SP)
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Solar energy technologies: CSP advantage - thermal stor age

source: Mills & Morgan (2008)
http://www.renewableenergyworld.com/rea/news/print?id=52693

Thermal storage in the range of 2 to 16 full load h

higher efficiency 
� less unused energy by storing energy, 

when more sun than turbine can utilize
� operate as much as possible under turbine 

design conditions (highest conversion efficiency)
� less transient conditions 

(produce, when cloud passes)

much better meet demand 
(produce solar energy after sun set)

Example: simulation, how CSP plants with 
no storage & solar multiple SM of 2 (upper fig)
16 h storage and various SM (lower fig) 
meet demand of California throughout the year
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Scenario for the USA: 

The technology is ready. On the following pages we present a grand plan that could 
provide 69% of the U.S.’s electricity and 35% of its total energy (which includes 
transportation) with solar power by 2050. We project that this energy could be sold to 
consumers at rates equivalent to today’s rates for conventional power sources, about 
five cents per kilowatt-hour (kWh). 

If wind, biomass and geothermal sources were also developed, renewable energy could 
provide 100% of the nation’s electricity and 90% of its ene rgy by 2100 . 
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Scenario for the USA: The Grand Solar Plan
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Scenario for the USA: The Grand Solar Plan

Basic concept 

� PV & CSP plants (in first 5 a: 3 GW/a, then 10 GW/a) 84 GWel by 2020
� storage in gas caverns

� 344 million hybrid cars

� efficient transmission by high voltage grid (HVDC) along interstate highways

Financing

� market prices for the generated electricity
� tax of 5 USD on every MWh produced from fossils

� until 2020 a cumulative subsidy of 420 billion USD, then competative

� savings through reducing need for oil imports



ASPO-7, Barcelona, October 2008 Richard Meyer: Potential of solar energy for replacing fossil fuels 23

What could Europe do? Renewable potentials in the reg ion

Several research projects 

by DLR, Germany:
TRANS-CSP, TREC, 

DESERTEC
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What could Europe do? Renewable potential in the regi on

source: Trieb et al. (2008)
http://www.dlr.de/tt/desktopdefault.aspx/tabid-2885/4422_read-6588/
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What could Europe do? Set up large scale renewable energy system

source: Trieb et al. (2008)
http://www.dlr.de/tt/desktopdefault.aspx/tabid-2885/4422_read-6588/
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What could Europe do? Renewable production in the regi on

source: Trieb et al. (2008)
http://www.dlr.de/tt/desktopdefault.aspx/tabid-2885/4422_read-6588/
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What could Europe do? Renewable production in the regi on

source: Trieb et al. (2008)
http://www.dlr.de/tt/desktopdefault.aspx/tabid-2885/4422_read-6588/
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What could Europe do? Required renewable installed cap acity

source: Trieb et al. (2008)
http://www.dlr.de/tt/desktopdefault.aspx/tabid-2885/4422_read-6588/
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Does it really cover the demand? Example Germany 2050

source: Trieb et al. (2008)
http://www.dlr.de/tt/desktopdefault.aspx/tabid-2885/4422_read-6588/
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Costs of large scale CSP deployment for Europe 

source: Trieb et al. (2008)
http://www.dlr.de/tt/desktopdefault.aspx/tabid-2885/4422_read-6588/
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Chances for CSP lost due to low prices of fossil fue ls

source: Trieb et al. (2008)
http://www.dlr.de/tt/desktopdefault.aspx/tabid-2885/4422_read-6588/
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Energy mythology

source: Trieb et al. (2008)
http://www.dlr.de/tt/desktopdefault.aspx/tabid-2885/4422_read-6588/
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The paradigm change reaches IEA
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Spain is going to take over world leadership in CSP

today 11 MW installed PS10

end of 200881 MW installed + Andasol1 +PS20
end of 2009331 MW installed + Andasol2, Solnova1&3, 

Extresol1, Manchasol1
end of 2010500 MW installed  

end of 20121000 MW installed  

=> + 500 MWel in 2 a

ca. +   1 TWelh / a

today: 8000 MW
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Technical and economical potential for CSP in Spain
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CSP potentials in MENA

source: Trieb et al. (2008)
http://www.dlr.de/tt/desktopdefault.aspx/tabid-2885/4422_read-6588

only 0.3% of the economic potential for CSP used in 2050 
in the TRANS-CSP scenario
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Concluding remarks

� solar energy can provide much more energy than currently thought: 
lots of heating & cooling demand can be covered by solar

� change towards electricity expected especially for train & road traffic

� a fully renewable energy system is feasible by the end of the century: 
constraints from available land are not really a problem

� a good mix of most cost effective renewables is needed

� solar thermal power plants provide cost-effective option to provide base-load 
– dispatchable power from renewables
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Thank you for your attention

EPURON GmbH

Anckelmannsplatz 1
D - 20537 Hamburg
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