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Structure of the presentation

• Futures thinking and energy - a special case

• Energy futures: sustainable or not?

• Sustainable energy target scenarios versus a business-as usual 
future

• Which sustainable energy target scenario should we choose?
• The use of backcasting from to find transition pathways

• Guiding transition pathways by policy

• Take home messages
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FUTURES THINKING AND ENERGY
A SPECIAL CASE
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Futures Thinking and Energy 
The possibility cone

The typical cone of possible futures

Source: https://thevoroscope.com/2017/02/24/the-futures-cone-use-and-history/
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Futures Thinking and Energy – A Special Case

Possible energy futures with growing demand: 

Source: https://thevoroscope.com/2017/02/24/the-futures-cone-use-and-history/

§ More fossil fuels

§ More nuclear energy

§ Fossil fuels with CCS 

(Carbon Capture and 

Storage)

§ More renewable energy

§ Energy savings / less use 

of energy

§ Combinations of the above
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Futures Thinking and Energy – A Special Case

Not every possible energy future is sustainable!

Source: https://thevoroscope.com/2017/02/24/the-futures-cone-use-and-history/

§ Fossil fuels cause climate 
change and pollution

§ Nuclear energy causes long 
term waste problems and 
catastrophic accidents

§ Bioenergy may compete with 
food production

§ Hydropower may have 
severe environmental 
impacts
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ENERGY FUTURES 
SUSTAINABLE OR NOT?
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What is sustainable development?

Source: https://thevoroscope.com/2017/02/24/the-futures-cone-use-and-history/

Definition of the Brundtland Commission
(WCED 1987):

‘A development satisfying the needs of the 
present generation without impairing the 
needs of future generations.’



Prof. Dr. Olav Hohmeyer Using Critical Thinking to Imagine Sustainable Energy Futures 9

Management rules for sustainable development

• Don’t exceed the assimilative capacity of the ecosystems

• Don’t exceed the regenerative capacity of the renewable 
resources

• Keep the functional stock of resource capital constant
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Sun Solar energy
Global ecosystem

Non renewable 
resources

Economic
SubsystemRenewable

biological
resources

Emissions

Damages

Recycling

Low temperature heat

The world economy as subsystem of the global 
ecosystem
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Where do the management rules apply?

Sun
Solar 
energy

Global ecosystem
Non renewable 
resources

Economic
SubsystemRenewable

biological
resources

Emissions

Damages

Recycling

Low temperature heat1.

2.

3.

Don’t exceed the assimilative capacity!

Don’t exceed the
regenerative capacity 
of renewable 
resources!

Keep the functional stock of 
resource capital constant!
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Much more solar energy than needed 

Sun
Global ecosystem

Non renewable 
resources

Economic
SubsystemRenewable

biological
resources

Emissions

Damages

Recycling

Low temperature heat

Solar energy

~ 5.6*106

EJ/a

Human energy use
~ 500 EJ/a

Today mainly:
§ Oil
§ Coal
§ Gas
§ Nuclear 
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The problem of climate change

JTH 17-07-2001 12 COP6bis/SBSTA

The Greenhouse Effect

Solar radiation

Long-wave radiation
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Massive temperature rise because of human 
GHG emissions

Source: IPCC 2018, p.57

By today + 1.0�warming compared to preindustrial levels

Additional warming of 0.2�per decade at present emission rates
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Long temperature rise of 8 degrees by 2300 
with high fossil fuel use

Source: IPCC 2013, p.17
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Components of climate change 
(radiative forcing)

Summary for Policymakers

12

from black carbon absorption of solar radiation. There is high confidence that  aerosols and their interactions with clouds 
have offset a substantial portion of global mean forcing from well-mixed greenhouse gases. They continue to contribute 
the largest uncertainty to the total RF estimate. {7.5, 8.3, 8.5}

• The forcing from stratospheric volcanic aerosols can have a large impact on the climate for some years after volcanic 
eruptions. Several small eruptions have caused an RF of –0.11 [–0.15 to –0.08] W m–2 for the years 2008 to 2011, which 
is approximately twice as strong as during the years 1999 to 2002. {8.4}

• The RF due to changes in solar irradiance is estimated as 0.05 [0.00 to 0.10] W m−2 (see Figure SPM.5). Satellite obser-
vations of total solar irradiance changes from 1978 to 2011 indicate that the last solar minimum was lower than the 
previous two. This results in an RF of –0.04 [–0.08 to 0.00] W m–2 between the most recent minimum in 2008 and the 
1986 minimum. {8.4}

• The total natural RF from solar irradiance changes and stratospheric volcanic aerosols made only a small contribution to 
the net radiative forcing throughout the last century, except for brief periods after large volcanic eruptions. {8.5}

Figure SPM.5 |  Radiative forcing estimates in 2011 relative to 1750 and aggregated uncertainties for the main drivers of climate change. Values are 
global average radiative forcing (RF14), partitioned according to the emitted compounds or processes that result in a combination of drivers. The best esti-
mates of the net radiative forcing are shown as black diamonds with corresponding uncertainty intervals; the numerical values are provided on the right 
of the figure, together with the confidence level in the net forcing (VH – very high, H – high, M – medium, L – low, VL – very low). Albedo forcing due to 
black carbon on snow and ice is included in the black carbon aerosol bar. Small forcings due to contrails (0.05 W m–2, including contrail induced cirrus), 
and HFCs, PFCs and SF6 (total 0.03 W m–2) are not shown. Concentration-based RFs for gases can be obtained by summing the like-coloured bars. Volcanic 
forcing is not included as its episodic nature makes is difficult to compare to other forcing mechanisms. Total anthropogenic radiative forcing is provided 
for three different years relative to 1750. For further technical details, including uncertainty ranges associated with individual components and processes, 
see the Technical Summary Supplementary Material. {8.5; Figures 8.14–8.18; Figures TS.6 and TS.7}

An
th

ro
po

ge
ni

c
N

at
ur

al

−1 0 1 2 3

 

 

 

Radiative forcing relative to 1750 (W m−2)

Level of
confidenceRadiative forcing by emissions and drivers

1.68 [1.33 to 2.03] 

0.97 [0.74 to 1.20]

0.18 [0.01 to 0.35]

0.17 [0.13 to 0.21]

0.23 [0.16 to 0.30]

0.10 [0.05 to 0.15]

-0.15 [-0.34 to 0.03]

-0.27 [-0.77 to 0.23]

-0.55 [-1.33 to -0.06]

-0.15 [-0.25 to -0.05]

0.05 [0.00 to 0.10]

2.29 [1.13 to 3.33]

1.25 [0.64 to 1.86]

0.57 [0.29 to 0.85]

VH

H

H

VH

M

M

M

H

L

M

M

H

H

M

CO2

CH4

Halo-
carbons

N2O

CO

NMVOC

NOx

Emitted
compound

Aerosols and
precursors
(Mineral dust, 

SO2, NH3,
Organic carbon

and Black carbon)

W
el

l-m
ix

ed
 g

re
en

ho
us

e 
ga

se
s

Sh
or

t l
iv

ed
 g

as
es

 a
nd

 a
er

os
ol

s

Resulting atmospheric
drivers

CO2

CO2 H2Ostr O3 CH4

O3 CFCs HCFCs

CO2 CH4 O3

N2O

CO2 CH4 O3

Nitrate CH4 O3

Black carbon
Mineral dust
Organic carbon

NitrateSulphate

Cloud adjustments
due to aerosols

Albedo change
due to land use

Changes in
solar irradiance

Total anthropogenic
RF relative to 1750

1950

1980

2011

SPM

CO2 is the main 
contributor to 
man-made climate 
change!
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IPCC emission pathways to stay within the 
1.5�target agreed at COP 23 in Paris 2018

SPM

Summary for Policymakers
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Cumulative emissions of CO2 and future non-CO2 radiative forcing determine 
the probability of limiting warming to 1.5°C

Billion tonnes CO2 per year (GtCO2/yr) Billion tonnes CO2 (GtCO2) Watts per square metre (W/m2)
b) Stylized net global CO2 emission pathways d) Non-CO2 radiative forcing pathways

c) Cumulative net CO2 emissions

a) Observed global temperature change and modeled 

responses to stylized anthropogenic emission and forcing pathways

Observed monthly global 
mean surface temperature

Estimated anthropogenic 
warming to date and 
likely range

Faster immediate CO2 emission reductions 
limit cumulative CO2 emissions shown in 
panel (c).

Maximum temperature rise is determined by cumulative net CO2 emissions and net non-CO2 
radiative forcing due to methane, nitrous oxide, aerosols and other anthropogenic forcing agents.

Global warming relative to 1850-1900 (°C)

CO2 emissions 
decline from 2020 
to reach net zero in 
2055 or 2040

Cumulative CO2 
emissions in pathways 
reaching net zero in 
2055 and 2040

Non-CO2 radiative forcing 
reduced after 2030 or 
not reduced after 2030

1960

1980 2020 2060 2100 1980 2020 2060 2100 1980 2020 2060 2100

1980 2000 2020

2017

2040 2060 2080 2100

2.0

1.5

1.0

0.5

0

Likely range of modeled responses to stylized pathways

      Faster CO2 reductions (blue in b & c) result in a higher 
probability of limiting warming to 1.5°C 

      No reduction of net non-CO2 radiative forcing (purple in d) 
results in a lower probability of limiting warming to 1.5°C 

      Global CO2 emissions reach net zero in 2055 while net 
non-CO2 radiative forcing is reduced after 2030 (grey in b, c & d)

Figure SPM.1 | Panel a: Observed monthly global mean surface temperature (GMST, grey line up to 2017, from the HadCRUT4, GISTEMP, Cowtan–Way, and 
NOAA datasets) change and estimated anthropogenic global warming (solid orange line up to 2017, with orange shading indicating assessed likely range). Orange 
dashed arrow and horizontal orange error bar show respectively the central estimate and likely range of the time at which 1.5°C is reached if the current rate 
of warming continues. The grey plume on the right of panel a shows the likely range of warming responses, computed with a simple climate model, to a stylized 
pathway (hypothetical future) in which net CO2 emissions (grey line in panels b and c) decline in a straight line from 2020 to reach net zero in 2055 and net non-
CO2 radiative forcing (grey line in panel d) increases to 2030 and then declines. The blue plume in panel a) shows the response to faster CO2 emissions reductions 
(blue line in panel b), reaching net zero in 2040, reducing cumulative CO2 emissions (panel c). The purple plume shows the response to net CO2 emissions declining 
to zero in 2055, with net non-CO2 forcing remaining constant after 2030. The vertical error bars on right of panel a) show the likely ranges (thin lines) and central 
terciles (33rd – 66th percentiles, thick lines) of the estimated distribution of warming in 2100 under these three stylized pathways. Vertical dotted error bars in 
panels b, c and d show the likely range of historical annual and cumulative global net CO2 emissions in 2017 (data from the Global Carbon Project) and of net 
non-CO2 radiative forcing in 2011 from AR5, respectively. Vertical axes in panels c and d are scaled to represent approximately equal effects on GMST. {1.2.1, 1.2.3, 
1.2.4, 2.3, Figure 1.2 and Chapter 1 Supplementary Material, Cross-Chapter Box 2 in Chapter 1}
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b) Stylized net global CO2 emission pathways d) Non-CO2 radiative forcing pathways

c) Cumulative net CO2 emissions

a) Observed global temperature change and modeled 
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Observed monthly global 
mean surface temperature

Estimated anthropogenic 
warming to date and 
likely range

Faster immediate CO2 emission reductions 
limit cumulative CO2 emissions shown in 
panel (c).

Maximum temperature rise is determined by cumulative net CO2 emissions and net non-CO2 
radiative forcing due to methane, nitrous oxide, aerosols and other anthropogenic forcing agents.
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      Faster CO2 reductions (blue in b & c) result in a higher 
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      No reduction of net non-CO2 radiative forcing (purple in d) 
results in a lower probability of limiting warming to 1.5°C 

      Global CO2 emissions reach net zero in 2055 while net 
non-CO2 radiative forcing is reduced after 2030 (grey in b, c & d)

Figure SPM.1 | Panel a: Observed monthly global mean surface temperature (GMST, grey line up to 2017, from the HadCRUT4, GISTEMP, Cowtan–Way, and 
NOAA datasets) change and estimated anthropogenic global warming (solid orange line up to 2017, with orange shading indicating assessed likely range). Orange 
dashed arrow and horizontal orange error bar show respectively the central estimate and likely range of the time at which 1.5°C is reached if the current rate 
of warming continues. The grey plume on the right of panel a shows the likely range of warming responses, computed with a simple climate model, to a stylized 
pathway (hypothetical future) in which net CO2 emissions (grey line in panels b and c) decline in a straight line from 2020 to reach net zero in 2055 and net non-
CO2 radiative forcing (grey line in panel d) increases to 2030 and then declines. The blue plume in panel a) shows the response to faster CO2 emissions reductions 
(blue line in panel b), reaching net zero in 2040, reducing cumulative CO2 emissions (panel c). The purple plume shows the response to net CO2 emissions declining 
to zero in 2055, with net non-CO2 forcing remaining constant after 2030. The vertical error bars on right of panel a) show the likely ranges (thin lines) and central 
terciles (33rd – 66th percentiles, thick lines) of the estimated distribution of warming in 2100 under these three stylized pathways. Vertical dotted error bars in 
panels b, c and d show the likely range of historical annual and cumulative global net CO2 emissions in 2017 (data from the Global Carbon Project) and of net 
non-CO2 radiative forcing in 2011 from AR5, respectively. Vertical axes in panels c and d are scaled to represent approximately equal effects on GMST. {1.2.1, 1.2.3, 
1.2.4, 2.3, Figure 1.2 and Chapter 1 Supplementary Material, Cross-Chapter Box 2 in Chapter 1}

Global CO2 emissions need to decline to net zero by 2040 to 2055!
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The share of CO2 from fossil fuels
The example of Germany (2000)

Source: BMU 2003, S. 32 und
UBA 2002, S. 31 

SF6

N2O

FCKWs

CH4

CO2

Share of GHGs in the FRG in 2000:
• CO2: 87%

• CH4: 6%
• N2O: 6%

• HFCS/PFCS: 1%

• SF6: 0,25%

97% of all CO2 emissions from 
energy conversion processes!

Fossil fuels represent 
85% of the problem

The future use of fossil fuels is 
not sustainable!
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Nuclear Energy

• Substantial risk of large scale accidents (e.g. 
Harrisburg, Chernobyl, Fukushima)

• Long term safety of nuclear waste deposits is 
still unclear

• Massive global use of nuclear energy carries 
massive risk of nuclear weapons technology 
proliferation

• In many industrialized societies nuclear 
energy is faced with massive problems of 
public acceptance

Nuclear energy is not a sustainable energy option
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Not every energy future is sustainable

Only sustainable energy futures are acceptable!

Source: https://thevoroscope.com/2017/02/24/the-futures-
cone-use-and-history/

Components of non sustainable 
energy futures:
§ Coal, oil, gas
§ Nuclear energy

Components of partially 
sustainable energy futures:
§ Hydropower
§ Bioenergy

Components of fully sustainable 
energy future:
§ Solar, wind, geothermal and 

ocean energy
§ Energy savings, energy 

efficiency
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Which sustainable energy future should we 
pick?

Which sustainable energy futures/scenarios can 
we design for a country? 

Source: https://thevoroscope.com/2017/02/24/the-futures-
cone-use-and-history/

How much of which component 
can we envisage?

§ energy savings
§ energy efficiency

§ Solar 
§ wind 
§ geothermal 
§ ocean energy

§ Hydropower
§ Bioenergy
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SUSTAINABLE TARGET SCENARIOS
VERSUS BUSINESS AS USUAL 
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What do we need to look at for sustainable 
future energy scenarios?

• The likely future energy demand
• The factors driving the future energy demand

– Economic growth
– Population growth
– Energy efficiency improvements

• The possible contributions of different renewable 
energy sources

• Storage possibilities of a country
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The drivers of future energy demand 

• Economic growth 
• In a first approximation energy consumption will grow 

at a similar path as the economic production (GDP)
• Population growth

• Strong population growth can lead to even higher 
growth rates of the energy demand

• Energy efficiency improvements
– Energy efficiency can lead to a decoupling of energy 

and economic growth
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Possible future energy demand 
Economic growth as the main driver

Today Target year

Assumed 
economic 
growth in 
Gross 
Domestic 
Product 
(GDP)
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Possible future energy demand 
First approximation GDP and energy 1:1

Today Target year

GDP and 
energy 
demand
1:1
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Possible future energy demand 
CO2 emissions 1:1 

Today Target year

GDP and 
energy 
demand
1:1

Increase in CO2 emissions 1:1

Necessary CO2 emission reduction
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Possible future energy demand with 
autonomous improvements in energy efficiency

Today Target year

GDP and 
energy 
demand
1:1

Lower energy 
demand with 
autonomous 
efficiency 
improvements

Business as usual
energy future
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Possible future energy demand with forced 
improvements in energy efficiency

Today Target year

GDP and 
energy 
demand
1:1 Lower energy 

demand with 
substantial 
efficiency 
improvements
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Energy efficiency alone can’t do the trick

Today Target year

GDP and 
energy 
demand
1:1

Lower energy 
demand and lower 
CO2 emissions 
with substantial 
efficiency 
improvements

Necessary CO2 emission reduction

Remaining 
CO2
emissions
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Possible future energy demand to be covered 
by renewable energy sources

Today Target year

GDP and 
energy 
demand
1:1

Lower energy 
demand with 
efficiency 
improvements

Energy demand to 
be covered by 
renewable energy 
sources

How much ???
• Solar
• Wind
• Geothermal
• Ocean
• Hydropower
• Biomass

Sustainable energy futures
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WHICH SUSTAINABLE TARGET 
SCENARIO SHOULD WE CHOOSE?
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How much energy efficiency and how much of 
each renewable energy source?

Today Target year

GDP and 
energy 
demand
1:1

Lower energy 
demand with 
efficiency 
improvements

Energy demand to 
be covered by 
renewable energy 
sources

How much ???
• Solar
• Wind
• Geothermal
• Ocean
• Hydropower
• Biomass

Necessary CO2 emission reduction
Zero CO2
emissions

Sustainable energy futures
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Prof. Dr. Olav Hohmeyer
Europa-Universität Flensburg

Yangon, Myanmar, September 4th,  2019

How to design sustainable energy scenarios
for a country
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How much energy efficiency and how much of 
each renewable energy source?

Today Target year

GDP and 
energy 
demand
1:1

Lower energy 
demand with 
efficiency 
improvements

Energy demand to 
be covered by 
renewable energy 
sources

How much ???
• Solar
• Wind
• Geothermal
• Ocean
• Hydropower
• Biomass

Necessary CO2 emission reduction
Zero CO2
emissions

Sustainable energy futures
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HOW TO BUILD A SUSTAINABLE 
TARGET SCENARIO?
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A CLOSER LOOK AT ENERGY DEMAND
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The structure of energy demand
The example of German

Mechanical energy
Stationary
Mobile
Heat
High Temperature
Low Temperature
Cooling
Lighting
Information Technology
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The structure of energy demand by energy 
service

• Mechanical energy
• Stationary
• Mobile (Transport)

• Heat
• High Temperature
• Low Temperature

• Cooling
• Lighting
• Information Technology
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The structure of energy demand as flow chart

Sectors of final demand
• Industry
• Transport
• Households
• Service sector



Prof. Dr. Olav Hohmeyer Using Critical Thinking to Imagine Sustainable Energy Futures 41

The structure of energy demand as flow chart
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Projected future energy demand of Myanmar until 
2050

Source: IES and MKE 2017

A sevenfold 
increase in 
electricity 
demand will 
need to be 
met by 2050
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A CLOSER LOOK AT RENEWABLE
ENERGY SOURCES
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Analyse the national renewable energy 
potentials

• Size (GW) and quality (cost per kWh) of the renewable resources of 
the country?
– Solar energy (PV and solar thermal)
– Wind energy (onshore and offshore)
– Geothermal energy (deep and shallow)
– Ocean energy (wave, tidal, ocean currents)
– Hydropower 
– Bioenergy (waste and energy crops)

• In the first round of scenario building rough estimates will suffice.

7%39%
Indonesia

Chile

6% Iceland

5% Honduras

4% Mexico

34%
Turkey

United States  3.4%
Japan  0.7%
Portugal  0.6%
Hungary  0.4%

Remaining 
4 countries

03

MA
RK

ET
 A

ND
 IN

DU
ST

RY
 TR

EN
DSGEOTHERMAL POWER AND HEAT

GEOTHERMAL MARKETS

Geothermal resources provide electricity and thermal energy 
services (process heat, space heating and cooling). Total useful 
energy in 2017 was an estimated 613 PJi (or 170 TWh), with 
electricity and thermal output each providing approximately equal 
shares.1 However, estimates of thermal energy consumption (also 
known as “direct use”) are somewhat uncertain due to lack of data. 
Some geothermal plants produce both electricity and thermal 
output for various heat applications.

An estimated 0.7 GWii of new geothermal power generating 
capacity came online in 2017, bringing the global total to an 
estimated 12.8 GW.2 Indonesia and Turkey both continued to lead 
for new installations and accounted for three-quarters of the new 
capacity during the year.3 Other countries adding capacity (in 
order of scale) were Chile, Iceland, Honduras, Mexico, the United 
States, Japan, Portugal and Hungary.4 (p See Figure 20.)

The countries with the largest amounts of geothermal power 
generating capacity at the end of 2017 were the United States, 
the Philippines, Indonesia, Turkey, New Zealand, Mexico, Italy, 
Iceland, Kenya and Japan.5 (p See Figure 21.)

Indonesia had another good year, adding about 275 MW of 
new capacity and ending 2017 with 1.8 GW.6 After decades of 

development, commercial operations started at the first two 
of three 110 MW sections of the Sarulla plant. The plant is the 
country’s first geothermal combined-cycleiii unit.7 Indonesia also 
placed into operation the fourth and last unit of the 220 MW 
Ulubelu plant, which by year’s end met 25% of electricity demand 
in the Lampung region of southern Sumatra.8 Geothermal power 
supplies about 5% of Indonesia’s electricity.9

Turkey’s net additions were at least 243 MW, for a total of  
1.1 GW.10 The country’s largest single installation ever was the 
first unit of Kizildere III, commissioned in 2017 with a capacity of  
99.5 MW.11 Upon completion in early 2018, the plant became 
Turkey’s largest geothermal power plant (165 MW).12 The 
country’s last geothermal plant to come online in 2017 was the  
33 MW Melih binary-cycleiv plant.13 

Turkey has developed most of its geothermal capacity in just five 
years, with more than 800 MW added between 2013 and 2017.14 
Strong growth in the Turkish geothermal sector has been attributed 
to supporting policies enacted more than a decade ago.15 Turkey 
met 2.1% of its electricity demand in 2017 with geothermal power.16 
At year’s end, Turkey had an additional 271 MW under construction 
and a further 527 MW under development.17

Chile ranked third globally for new capacity installations during 
the year. The country’s 48 MW Cerro Pabellón is reportedly the 
first geothermal power plant commissioned in South America; it is 
located in the Atacama Desert at a record (for geothermal facilities) 
altitude of 4,500 metres above sea level. As is the case for several 

Source: See endnote 4 for this section.

FIGURE 20.   Geothermal Power Capacity Global Additions, Share by Country, 2017

i This does not include the renewable final energy output of ground-source heat pumps. (p See Integration chapter.)

ii In this section, units MW and GW refer to electric power capacity, and MWth and GWth refer to thermal capacity.

iii A geothermal combined-cycle unit uses a binary system to extract residual energy from the steam exiting the high-pressure flash turbines, maximising energy 
extraction and overall plant efficiency.

iv In a binary plant, the geothermal fluid heats and vaporises a separate working fluid that has a lower boiling point than water; the fluid drives a turbine to 
generate electricity. Each fluid cycle is closed, and the geothermal fluid is re-injected into the heat reservoir. The binary cycle allows an effective and efficient 
extraction of heat for power generation from relatively low-temperature geothermal fluids. Organic Rankine Cycle (ORC) binary geothermal plants use an  
organic working fluid, and the Kalina Cycle uses a non-organic working fluid. In conventional geothermal power plants, geothermal steam is used directly  
to drive the turbine.
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DSrenovated Camcambe plant was expanded by 700 MW.38 These 

projects are part of a concerted effort to increase electrification to 
60% by 2025.39 Only 35% of the Angolan population had access to 
electricity in 2016, and many people relied on diesel generators.40

As part of an effort to double its generating capacity by 2020 
(from the current capacity of about 2 GW), Côte d’Ivoire in 2017 
inaugurated its largest hydropower project, the 275 MW Soubré.41 
The country plans to improve its electrification rate (63% in 2016) 
while increasing the share of hydropower and other renewables 
in its electricity mix, which is dominated by natural gas.42

Sudan inaugurated its 320 MW Upper Atbara and Setit Dam 
project in 2017, increasing the country’s installed capacity by 
13%.43 The project is linked to an agreement that allows Saudi 
Arabia to cultivate land in the vicinity of the dams.44 Meanwhile, 
thousands of displaced local families have complained about 
the government’s lack of commitment to compensate them for 
farmland lost to the project.45

Tensions in the region persisted between Ethiopia and its 
downstream neighbours Sudan and Egypt over the feared 
impacts of Ethiopia’s Grand Renaissance Dam (6 GW) on water 
flows in the Nile.46 The dam for the project, which was 60% 
complete and ready to start storing water as of early 2018, has 
raised concerns about restricted sediment flow, which could 
potentially exacerbate relative sea-level rise in the Nile delta.47

The United States continued to rank third globally for installed 
hydropower capacity, but recent expansion has been relatively 
modest, with a net five-year growth of 1.7% (1.3 GW) through 
2017.48 The country added a net of 145 MW in 2017, for a year-end 
total of 80 GW.49 Following years of suppressed output due to 
drought in the southwestern United States, generation improved 
for the second consecutive year, rising 12% relative to 2016 to  
300 TWh.50 Improvement was noted in all parts of the country, 
but particularly in the state of California.51 To the north, Canada 
saw the completion in British Columbia of two run-of-river 

facilities (25 MW and 81 MW), which comprise the Upper Lillooet 
River Hydro Project.52

The Russian Federation has long been among the top countries 
for hydropower capacity, and has seen a net five-year growth in 
installed capacity of 5.4% (2.5 GW).53 During 2017, the country’s 
stated hydropower capacity increased by 364 MW for a total 
of 48.4 GW.54 Most of that added capacity was tied to the 
inauguration of the 320 MW Nizhne-Bureyskaya hydropower 
plant in the Russian Far East, where a majority of the country’s 
projects under construction are located. Following a flood in the 
Amur River basin in 2013, the design of the plant was modified for 
improved flood control.55 Overall hydropower generation (179 TWh) 
in the Russian Federation was stable relative to 2016.56 However, 
reservoir levels declined in some regions, such as the Far East, 
resulting in increased utilisation of thermal power plants in 2017.57

Energy storage capability of hydropower facilities has long been 
a critical component of modern energy infrastructure, supporting 
reliability and efficiency of energy systems. Hydropower 
reservoirs can (passively) store energy by reducing output when 
other sources are plentiful, which allows natural flows to raise 
the energy potential in the reservoir, thereby achieving effective 
storage. Conversely, pumped storage can directly absorb surplus 
power off the grid.58

Growing penetration of variable renewable energy (VRE) is 
increasing interest in additional electricity storage capacity.59 
Pumped storage hydropower is the dominant source of large-
scale energy storage, accounting for an estimated 96% of global 
energy storage capacity.60 (p See Integration chapter.) Global 
pumped storage capacity rose by more than 3 GW in 2017, for 
a year-end total of an estimated 153 GWi.61 New capacity was 
installed in China, Portugal and Switzerland.62

Two large pumped storage plants were completed in China. The 
five remaining reversible turbine generators of the Liyang facility 
were operational by the end of 2017 (one unit came online in 

i This total may include some “mixed” plants that incorporate pumping capability alongside net incremental generation from natural inflows (open loop)  
and, as such, are counted as hydropower capacity. The total global pumping capability in 2017, including mixed plants, may be as high as 164 GW, with  
pure pumped storage portion of that total being 119 GW, from International Renewable Energy Agency, personal communication with REN21, April 2018.
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Ocean Energy Chapter 6

A map of the global offshore average annual wave power distribu-
tion (Figure 6.1) shows that the largest power levels occur off the west 
coasts of the continents in temperate latitudes, where the most ener-
getic winds and greatest fetch areas occur.

The total theoretical wave energy potential is estimated to be 32,000 
TWh/yr (115 EJ/yr) (Mørk et al., 2010), roughly twice the global electricity 
supply in 2008 (16,800 TWh/yr or 54 EJ/yr). This fi gure is unconstrained 
by geography, technical or economic considerations. The regional dis-
tribution of the annual wave energy incident on the coasts of countries 
or regions has been obtained for areas where theoretical wave power P 
≥ 5 kW/m and latitude ≤66.5º (Table 6.1). The theoretical wave energy 
potential listed in Table 6.1 (29,500 TWh/yr or 106 EJ/yr) represents a 

decrease of 8% from the total theoretical wave energy potential above 
(it excludes areas with less than 5 kW/m), but should still be consid-
ered an estimate of theoretical potential. The technical potential of wave 
energy will be substantially below this fi gure and will depend upon 

technical developments in wave energy devices. Sims et al. (2007) esti-
mate a global technical potential of 500 GW for wave energy, assuming 
that offshore wave energy devices have an effi ciency of 40% and are 
only installed near coastlines with wave climates of >30 kW/m, whereas 
Krewitt et al. (2009) report a wave energy potential of 20 EJ/yr.
 
Potential changes in wind patterns, caused by climate change, are likely 
to affect the long-term wave climate distribution (Harrison and Wallace, 

Figure 6.1 | Global offshore annual wave power level distribution (Cornett, 2008).
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Table 6.1 | Regional theoretical potential of wave energy (Mørk et al., 2010).

REGION Wave Energy
TWh/yr (EJ/yr)

Western and Northern Europe 2,800 (10.1)

Mediterranean Sea and Atlantic Archipelagos (Azores, Cape Verde, Canaries) 1,300 (4.7)

North America and Greenland 4,000 (14.4)

Central America 1,500 (5.4)

South America 4,600 (16.6)

Africa 3,500 (12.6)

Asia 6,200 (22.3)

Australia, New Zealand and Pacifi c Islands 5,600 (20.2)

TOTAL 29,500 (106.2)

Note: The results presented in Mørk et al. (2010) regarding the overall theoretical global potential for wave energy are consistent with other studies (Cornett, 2008). No further studies 
of regional theoretical potential of wave energy are available to validate the data provided in Table 6.1.
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A CLOSER LOOK STORAGE
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Analyse the national storage potentials

• Size (GW) and quality (cost per kWh) of the storage options of the 
country?
– Pump hydro storage
– Compressed air storage
– Power to gas to power storage
– Battery storage
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CHOOSING THE TARGET SCENARIO
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Simulate possible target scenarios
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WORK PACKAGE 5: SIMULATION OF ALTERNATIVE 100% RE TARGET SYSTEMS AND 
ANALYSIS OF THEIR PROSPECTIVE COSTS 

A set of 18 different target systems were simulated to analyse all relevant combinations of the renewable 

power technologies available to Barbados. These technologies are wind turbines, solar PV systems, solid 

biomass combustion, biomass gasification, solid waste combustion and waste gasification. The 

comparison of the power costs of all alternative target systems showed that a combination of wind, PV 

and solid waste combustion can produce 100% renewable power at the lowest cost (0.39 BBD/kWh in a 

year of low winds). 

Table TS1: 	 Electricity cost per kWh of simulated target systems for 100% RE power for Barbados 

The target system addressing the agricultural problem still having relatively low costs is the combination 

of wind, PV, solid waste combustion and the gasification of King Grass from about 6,000 acres leading to 

costs of 0.4 BBD/kWh. Table TS1 shows the costs of each simulated scenario in the sequence of the 

cost per kWh. 
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WORK PACKAGE 5: SIMULATION OF ALTERNATIVE 100% RE TARGET SYSTEMS AND 
ANALYSIS OF THEIR PROSPECTIVE COSTS 

A set of 18 different target systems were simulated to analyse all relevant combinations of the renewable 

power technologies available to Barbados. These technologies are wind turbines, solar PV systems, solid 

biomass combustion, biomass gasification, solid waste combustion and waste gasification. The 

comparison of the power costs of all alternative target systems showed that a combination of wind, PV 

and solid waste combustion can produce 100% renewable power at the lowest cost (0.39 BBD/kWh in a 

year of low winds). 

Table ES1: 	 Electricity cost per kWh of simulated target systems for 100% RE power for Barbados 

The target system addressing the agricultural problem still having relatively low costs is the combination 

of wind, PV, solid waste combustion and the gasification of King Grass from about 6,000 acres leading to 

Scenario
LCOE

No. Name BBD/
kWh

11 100% RE / Wind / PV / Solid waste combustion 0.3883

7 100% RE Wind and PV plus storage 0.3999

13 100% RE / Wind / PV / King Grass / WTE combustion 0.4004

6 100% RE Wind and storage alone 0.4013

17 100% RE / Wind / PV / King Grass / Bagasse / WTE combustion 0.4128

14 100% RE / Wind / PV / Bagasse / WTE combustion 0.4143

12 100% RE / Wind / PV / King Grass / WTE gasification 0.4209

8 100% RE / Wind / PV / King Grass 0.4212

9 100% RE / Wind / PV / Bagasse 0.4233

10 100% RE / Wind / PV / WTE gasification 0.4356

18 100% RE / Wind / PV / King Grass / Bagasse / WTE gasification /WTE 
combustion

0.4361

13a 100% RE / Wind / PV / King Grass / WTE combustion 0.4386

1 New diesel only (base line) 0.4495

16 100% RE / Wind / PV / King Grass / Bagasse / WTE gasification 0.4584

15 100% RE / Wind / PV / Bagasse / WTE gasification 0.4614

2 Bagasse and river tamarind only 0.4810

3 King grass gasification only 0.4886

5 100% RE PV and storage alone 0.5100

4 Waste to energy gasification only 0.5126

Compare results and select possible target 
scenarios (Barbados 2017)

Source: Hohmeyer 2017, p.17 and 19
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Figure TS1:	 Frequency of occurrence, average weight of importance and relative importance of the 

twenty five objectives mentioned by at least two key stakeholders 

For wind no reliable data exist for Barbados, but experts involved in the first two larger wind development 

projects suggest that the cost are about 20-25% higher in Barbados as compared to the world market 

due to market size and transport cost. At the end of 2016 world market prices for wind turbines including 

all investment and financing cost are in the range of 3,400 BBD/kW, with very similar costs in Europe 

(Germany as European lead market) and in the US.  

Costs of biomass are highly project specific and no cost figures can be quoted from international 

markets, which could be directly compared to the two major biomass activities in Barbados for which 

cost estimates are available. The investment costs for the bagasse combustion plant are quoted at 

18,400 BBD/kW (230 million USD for 25 MW capacity), while the first estimates for the gasification and 

power production from King Grass are at 10,000 BBD/kW. 

Concerning the potential of of renewable energy resources in Barbados specifically wind seems to be 

critical. A new assessment by Rogers (2015) shows a good potential of about 450 MW as a result of a 

detailed study of the local wind resource. The potential of bioenergy depends highly on the agricultural 

land available and the type of use (energy crops only like King Grass or energy as a byproduct of an 
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Figure 59: 	 Frequency of occurrence, average weight of importance and relative importance of the 

twenty five objectives mentioned by at least to key stakeholders (Table with data in annex 1) 

and Stable electricity rates (24)), while the other ten objectives, which were mentioned by at least two 

stakeholders reached RI scores between 11 and 20.  

While the results of the survey clearly point to the fact that energy policy has to address substantially 

more objectives than just the of short term low cost energy for the ratepayers, the number of important 

objectives seems to be quite manageable. Although a low cost of electricity is among the most important 

objectives low environmental impacts or high employment generation and the net reduction of energy 

Reliability of power supply (loss of load d/a)

Low environmental impact

Low cost of power

High employment generation

Reduktion of imports / hard currency

Public acceptance of power supply

Reduction of imports / energy security

General participation (every household)

Hurricane resiliance

Local participation

Domestic ownership

Problems of agriculture need to be solved

Stable electricity rates

Fast decisions on licenses etc/ streamlined processes

Reliable long term policy vision

Storage must be incentivised

Tariff has to guarantee repayment (funding)

Wind local benefits need to be felt

Achieve 100% RE

Positive welfare effect

Avoid stranded assets

Low water consumption

Establish partnerships between local stakeholders an international investors

Focus on proven technologies plus focus on R&D

Low land use

Relative importance of objectives (relevance x frequency)

0 20 40 60 80 100 120

Objectives with more than 50% relative importance

Frequency of occurrence (1 - 12)
Average weight of importance (1 -10)
Combined importance of objective (average weight multiplied by frequency of occurence)

A multi-criteria decision process
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USE OF BACKCASTING TO FIND 
TRANSITION PATHWAYS
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Moving from today to sustainable future 
scenarios and backcasting the way to the future

4 A novel methodology for cities

analysis should be performed a second time with more or alternative climate protection mea-
sures applied right from the beginning. Using this approach, the backcasting analysis helps to
understand the magnitude of measures that are necessary already in an early stage of a climate
protection process to achieve the target. Possible bottlenecks as shown in “first round a)” are
identified that must be addressed in the early stages of the process. At the end of the participa-
tory backcasting analysis, a scenario has been developed that shows when and to what extent
climate protection measure have to be applied.
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Figure 4.9: Construction of a scenario with its pathway in a sequence of development rounds

Measures from different sectors developed in the individual topic-specific workshops may mu-
tually reinforce, weaken, or even exclude each other. To develop an effective and comprehen-
sive climate protection concept on the city-scale, climate protection measures are considered in
a sectoral and inter-sectoral context to achieve an integrated point of view. After performing
sector-specific workshops and developing sector-specific climate protection measures, an inte-
gration of the individual results is done. As an additional benefit of using synergies, emission
reductions might be less cost-intensive. Nine out of the 16 analysed northern German climate
protection concepts included all sectors in the development of climate protection measures. Us-
ing an integrated approach therefore seems common but is not always applied. In Figure 4.10
on page 130 a systematic depiction of the differences between a disintegrated and an integrated
approach are shown.

After performing the individual workshops and the integration of the overall workshop results,
the overall backcasting scenario for the city is created. The backcasting scenario contains the

129

Source: Maas 2014, p. 129

Source: 
https://www.pinterest.de/pin/49757745
8821892421/
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Example of a simple transition pathways for a 
selected target scenario (Barbados), Part 1

Source: Hohmeyer 2017, p.22

GSEC Ltd. Barbados Final report 6.9.2017 Page !  of !22 274

Table TS2:	 Four target scenarios for 100% RE power supply in 2035 and transition pathways to these 

target scenarios 
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Table ES2:	 Four target scenarios for 100% RE power supply in 2035 and transition pathways to these 

target scenarios 

Scenario / Wind 
year 2011

Installed capacities and annual generation

Year
Annual 
power 

demand
LCOE Wind PV King Grass

Bagasse 
and river 
tamarind 

combustion

Solid wate 
combustion

No
.

Name BBD/
kWh

MW GWh/
a

MW GWh/
a

MW GWh/
a

MW GWh/
a

MW GWh/a

11
100% RE / 
Wind / PV / 

WTE 
combustion

2015 950 0 10 19 0

2020 1050 0.3664 25 114 55 113 5 34

2025 1150 0.3002 105 481 125 258 11 74

2030 1250 0.3123 185 847 195 403 11 74

2035 1350 0.3883 265 1213 265 547 11 74

13

100% RE / 
Wind / PV / 

King Grass / 
WTE 

combustion

2015 950 0 0 10 19 0 0 0 0

2020 1050 0.3696 20 92 65 134 2 5 5 34

2025 1150 0.3253 90 412 120 248 10 30 11 74

2030 1250 0.3161 160 733 175 361 18 75 11 74

2035 1350 0.4004 232 1062 232 479 26 120 11 74

13
a

100% RE / 
Wind / PV / 

King Grass / 
WTE 

combustion

2015 950 0 10 19 0 0 0

2020 1050 0.3749 20 92 50 103 2 5 5 34

2025 1150 0.3354 80 366 100 206 14 45 11 74

2030 1250 0.3451 140 641 150 310 27 150 11 74

2035 1350 0.4331 200 916 200 413 40 300 11 74

14

100% RE / 
Wind / PV / 
Bagasse / WTE 
combustion

2015 950 0 0 10 19 0 0 0 0

2020 1050 0.3807 20 92 65 134 25 169 5 34

2025 1150 0.3452 85 389 120 248 25 169 11 74

2030 1250 0.3609 170 778 175 361 25 169 11 74

2035 1350 0.4143 219 1003 219 452 25 169 11 74

Target scenario 11

Transition pathway
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Example of a simple transition pathways for a 
selected target scenario (Barbados), Part 2

Source: Hohmeyer 2017, p.23
Target scenario 11

Transition pathway
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Table TS3:	 Four target scenarios for 100% RE power supply in 2035 and transition pathways to these 

target scenarios. The development of the need for storage during the transition period.	  

WORK PACKAGE 9: DISCUSSION OF POSSIBLE MARKET MECHANISMS AND POLICIES FOR 
THE SUCCESSFUL INTRODUCTION OF RENEWABLES IN BARBADOS 

Basically four main market or support mechanisms for the introduction of renewable energy sources into 

electricity production are used world wide. These are net metering, feed-in tariffs (FIT), renewable 

portfolio standards (RPS) and auctioning. All are used widely throughout the world, while net metering is 

seen only as an early mechanism of limited applicability, as it shifts the other power system costs to the 

customers not producing renewable electricity, which can become overwhelming, if large shares of RE 

are produced based on net metering. Like net metering FITs approach the target of inducing higher RE 

shares from the side of the pricing of energy and the quantity installed is determined by the market 

players, while RPS and auctioning set quantity targets and the final price for the quantity of RE installed is 

set by market processes.  

While pay-as-bid auctions allow to approximate the cost curve for the supply of renewable power RPS 

combined with the trading of green certificates price the renewable energy according to the last unit of 

RE supplied. Thus, in the case of RPS all other producers with lower costs can benefit from a substantial 
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Table ES3:	 Four target scenarios for 100% RE power supply in 2035 and transition pathways to these 

target scenarios. The development of the need for storage during the transition period.	  

WORK PACKAGE 9: DISCUSSION OF POSSIBLE MARKET MECHANISMS AND POLICIES 
FOR THE SUCCESSFUL INTRODUCTION OF RENEWABLES IN 
BARBADOS 

Basically four main market or support mechanisms for the introduction of renewable energy sources into 

electricity production are used world wide. These are net metering, feed-in tariffs (FIT), renewable 

portfolio standards (RPS) and auctioning. All are used widely throughout the world, while net metering is 

seen only as an early mechanism of limited applicability, as it shifts the other power system costs to the 

customers not producing renewable electricity, which can become overwhelming, if large shares of RE 

are produced based on net metering. Like net metering FITs approach the target of inducing higher RE 

shares from the side of the pricing of energy and the quantity installed is determined by the market 

Scenario / Wind year 2011

Installed capacities and annual generation

Year
Annual 
power 

demand
LCOE Diesel/

Biodiesel

Stora
ge 

volu
me

Storage 
generation

Storage 
pumping Share of RE

Total 
overproduct

ion

No. Name BBD/
kWh

MW GWh/
a

MWh MW GWh/
a

MW GWh/
a

% GWh/a

11 100% RE / Wind / PV / WTE 
combustion

2015 950 239 950

2020 1050 0.3664 140.9 789 24.9 % 0

2025 1150 0.3002 148.8 354 3000 150.5 60 90 80 69.2 % 17

2030 1250 0.3123 162.2 118 5000 186.3 176 220.7 202 90.6 % 192

2035 1350 0.3883 166.7 50 5000 196.8 205 307 238 96.3 % 400

13 100% RE / Wind / PV / King 
Grass / WTE combustion

2015 950 239 950 0 0 0 0 0 0.0 % 0

2020 1050 0.3696 140.2 785 25.2 % 0

2025 1150 0.3253 148 422     63.3 % 36

2030 1250 0.3161 155.6 164.4 5000 178 142 162.8 163 86.8 % 157.4

2035 1350 0.4004 144.8 50 5000 172.9 163 253.4 190 96.3 % 435

13
a

100% RE / Wind / PV / King 
Grass / WTE combustion

2015 950 239 950 0.0 %

2020 1050 0.3749 140.2 816 22.3 % 0

2025 1150 0.3354 140.5 469 59.2 % 10

2030 1250 0.3451 135.3 168 5000 156 97 131.5 110 86.6 % 93

2035 1350 0.4331 131.6 50 5000 156.8 129 199.8 151 96.3 % 403

14

100% RE / Wind / PV / 
Bagasse / WTE combustion

2015 950 239 950 0 0 0 0 0 0.0 % 0

2020 1050 0.3807 121.7 621 40.9 % 0

2025 1150 0.3452 129.9 286 5000 138.4 56 85.3 75 75.1 % 16

2030 1250 0.3609 139.4 133 5000 165 157 181.4 181 89.4 % 265

2035 1350 0.4143 151.9 50 5000 180.6 176 248.3 205 96.3 % 398
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Backcasting simple transition pathways for four 
selected target scenarios (Barbados)
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Table TS2:	 Four target scenarios for 100% RE power supply in 2035 and transition pathways to these 

target scenarios 
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Table ES2:	 Four target scenarios for 100% RE power supply in 2035 and transition pathways to these 

target scenarios 

Scenario / Wind 
year 2011

Installed capacities and annual generation

Year
Annual 
power 

demand
LCOE Wind PV King Grass

Bagasse 
and river 
tamarind 

combustion

Solid wate 
combustion

No
.

Name BBD/
kWh

MW GWh/
a

MW GWh/
a

MW GWh/
a

MW GWh/
a

MW GWh/a

11
100% RE / 
Wind / PV / 

WTE 
combustion

2015 950 0 10 19 0

2020 1050 0.3664 25 114 55 113 5 34

2025 1150 0.3002 105 481 125 258 11 74

2030 1250 0.3123 185 847 195 403 11 74

2035 1350 0.3883 265 1213 265 547 11 74

13

100% RE / 
Wind / PV / 

King Grass / 
WTE 

combustion

2015 950 0 0 10 19 0 0 0 0

2020 1050 0.3696 20 92 65 134 2 5 5 34

2025 1150 0.3253 90 412 120 248 10 30 11 74

2030 1250 0.3161 160 733 175 361 18 75 11 74

2035 1350 0.4004 232 1062 232 479 26 120 11 74

13
a

100% RE / 
Wind / PV / 

King Grass / 
WTE 

combustion

2015 950 0 10 19 0 0 0

2020 1050 0.3749 20 92 50 103 2 5 5 34

2025 1150 0.3354 80 366 100 206 14 45 11 74

2030 1250 0.3451 140 641 150 310 27 150 11 74

2035 1350 0.4331 200 916 200 413 40 300 11 74

14

100% RE / 
Wind / PV / 
Bagasse / WTE 
combustion

2015 950 0 0 10 19 0 0 0 0

2020 1050 0.3807 20 92 65 134 25 169 5 34

2025 1150 0.3452 85 389 120 248 25 169 11 74

2030 1250 0.3609 170 778 175 361 25 169 11 74

2035 1350 0.4143 219 1003 219 452 25 169 11 74
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Table TS3:	 Four target scenarios for 100% RE power supply in 2035 and transition pathways to these 

target scenarios. The development of the need for storage during the transition period.	  

WORK PACKAGE 9: DISCUSSION OF POSSIBLE MARKET MECHANISMS AND POLICIES FOR 
THE SUCCESSFUL INTRODUCTION OF RENEWABLES IN BARBADOS 

Basically four main market or support mechanisms for the introduction of renewable energy sources into 

electricity production are used world wide. These are net metering, feed-in tariffs (FIT), renewable 

portfolio standards (RPS) and auctioning. All are used widely throughout the world, while net metering is 

seen only as an early mechanism of limited applicability, as it shifts the other power system costs to the 

customers not producing renewable electricity, which can become overwhelming, if large shares of RE 

are produced based on net metering. Like net metering FITs approach the target of inducing higher RE 

shares from the side of the pricing of energy and the quantity installed is determined by the market 

players, while RPS and auctioning set quantity targets and the final price for the quantity of RE installed is 

set by market processes.  

While pay-as-bid auctions allow to approximate the cost curve for the supply of renewable power RPS 

combined with the trading of green certificates price the renewable energy according to the last unit of 

RE supplied. Thus, in the case of RPS all other producers with lower costs can benefit from a substantial 
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Table ES3:	 Four target scenarios for 100% RE power supply in 2035 and transition pathways to these 

target scenarios. The development of the need for storage during the transition period.	  

WORK PACKAGE 9: DISCUSSION OF POSSIBLE MARKET MECHANISMS AND POLICIES 
FOR THE SUCCESSFUL INTRODUCTION OF RENEWABLES IN 
BARBADOS 

Basically four main market or support mechanisms for the introduction of renewable energy sources into 

electricity production are used world wide. These are net metering, feed-in tariffs (FIT), renewable 

portfolio standards (RPS) and auctioning. All are used widely throughout the world, while net metering is 

seen only as an early mechanism of limited applicability, as it shifts the other power system costs to the 

customers not producing renewable electricity, which can become overwhelming, if large shares of RE 

are produced based on net metering. Like net metering FITs approach the target of inducing higher RE 

shares from the side of the pricing of energy and the quantity installed is determined by the market 

Scenario / Wind year 2011

Installed capacities and annual generation

Year
Annual 
power 

demand
LCOE Diesel/

Biodiesel

Stora
ge 

volu
me

Storage 
generation

Storage 
pumping Share of RE

Total 
overproduct

ion

No. Name BBD/
kWh

MW GWh/
a

MWh MW GWh/
a

MW GWh/
a

% GWh/a

11 100% RE / Wind / PV / WTE 
combustion

2015 950 239 950

2020 1050 0.3664 140.9 789 24.9 % 0

2025 1150 0.3002 148.8 354 3000 150.5 60 90 80 69.2 % 17

2030 1250 0.3123 162.2 118 5000 186.3 176 220.7 202 90.6 % 192

2035 1350 0.3883 166.7 50 5000 196.8 205 307 238 96.3 % 400

13 100% RE / Wind / PV / King 
Grass / WTE combustion

2015 950 239 950 0 0 0 0 0 0.0 % 0

2020 1050 0.3696 140.2 785 25.2 % 0

2025 1150 0.3253 148 422     63.3 % 36

2030 1250 0.3161 155.6 164.4 5000 178 142 162.8 163 86.8 % 157.4

2035 1350 0.4004 144.8 50 5000 172.9 163 253.4 190 96.3 % 435

13
a

100% RE / Wind / PV / King 
Grass / WTE combustion

2015 950 239 950 0.0 %

2020 1050 0.3749 140.2 816 22.3 % 0

2025 1150 0.3354 140.5 469 59.2 % 10

2030 1250 0.3451 135.3 168 5000 156 97 131.5 110 86.6 % 93

2035 1350 0.4331 131.6 50 5000 156.8 129 199.8 151 96.3 % 403

14

100% RE / Wind / PV / 
Bagasse / WTE combustion

2015 950 239 950 0 0 0 0 0 0.0 % 0

2020 1050 0.3807 121.7 621 40.9 % 0

2025 1150 0.3452 129.9 286 5000 138.4 56 85.3 75 75.1 % 16

2030 1250 0.3609 139.4 133 5000 165 157 181.4 181 89.4 % 265

2035 1350 0.4143 151.9 50 5000 180.6 176 248.3 205 96.3 % 398

Source: Hohmeyer 2017, p.22/23
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Different scenarios may need to build storage 
at different times

Source: Hohmeyer 2017, p.23
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Table TS3:	 Four target scenarios for 100% RE power supply in 2035 and transition pathways to these 

target scenarios. The development of the need for storage during the transition period.	  

WORK PACKAGE 9: DISCUSSION OF POSSIBLE MARKET MECHANISMS AND POLICIES FOR 
THE SUCCESSFUL INTRODUCTION OF RENEWABLES IN BARBADOS 

Basically four main market or support mechanisms for the introduction of renewable energy sources into 

electricity production are used world wide. These are net metering, feed-in tariffs (FIT), renewable 

portfolio standards (RPS) and auctioning. All are used widely throughout the world, while net metering is 

seen only as an early mechanism of limited applicability, as it shifts the other power system costs to the 

customers not producing renewable electricity, which can become overwhelming, if large shares of RE 

are produced based on net metering. Like net metering FITs approach the target of inducing higher RE 

shares from the side of the pricing of energy and the quantity installed is determined by the market 

players, while RPS and auctioning set quantity targets and the final price for the quantity of RE installed is 

set by market processes.  

While pay-as-bid auctions allow to approximate the cost curve for the supply of renewable power RPS 

combined with the trading of green certificates price the renewable energy according to the last unit of 

RE supplied. Thus, in the case of RPS all other producers with lower costs can benefit from a substantial 
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Table ES3:	 Four target scenarios for 100% RE power supply in 2035 and transition pathways to these 

target scenarios. The development of the need for storage during the transition period.	  

WORK PACKAGE 9: DISCUSSION OF POSSIBLE MARKET MECHANISMS AND POLICIES 
FOR THE SUCCESSFUL INTRODUCTION OF RENEWABLES IN 
BARBADOS 

Basically four main market or support mechanisms for the introduction of renewable energy sources into 

electricity production are used world wide. These are net metering, feed-in tariffs (FIT), renewable 

portfolio standards (RPS) and auctioning. All are used widely throughout the world, while net metering is 

seen only as an early mechanism of limited applicability, as it shifts the other power system costs to the 

customers not producing renewable electricity, which can become overwhelming, if large shares of RE 

are produced based on net metering. Like net metering FITs approach the target of inducing higher RE 

shares from the side of the pricing of energy and the quantity installed is determined by the market 

Scenario / Wind year 2011

Installed capacities and annual generation

Year
Annual 
power 

demand
LCOE Diesel/

Biodiesel

Stora
ge 

volu
me

Storage 
generation

Storage 
pumping Share of RE

Total 
overproduct

ion

No. Name BBD/
kWh

MW GWh/
a

MWh MW GWh/
a

MW GWh/
a

% GWh/a

11 100% RE / Wind / PV / WTE 
combustion

2015 950 239 950

2020 1050 0.3664 140.9 789 24.9 % 0

2025 1150 0.3002 148.8 354 3000 150.5 60 90 80 69.2 % 17

2030 1250 0.3123 162.2 118 5000 186.3 176 220.7 202 90.6 % 192

2035 1350 0.3883 166.7 50 5000 196.8 205 307 238 96.3 % 400

13 100% RE / Wind / PV / King 
Grass / WTE combustion

2015 950 239 950 0 0 0 0 0 0.0 % 0

2020 1050 0.3696 140.2 785 25.2 % 0

2025 1150 0.3253 148 422     63.3 % 36

2030 1250 0.3161 155.6 164.4 5000 178 142 162.8 163 86.8 % 157.4

2035 1350 0.4004 144.8 50 5000 172.9 163 253.4 190 96.3 % 435

13
a

100% RE / Wind / PV / King 
Grass / WTE combustion

2015 950 239 950 0.0 %

2020 1050 0.3749 140.2 816 22.3 % 0

2025 1150 0.3354 140.5 469 59.2 % 10

2030 1250 0.3451 135.3 168 5000 156 97 131.5 110 86.6 % 93

2035 1350 0.4331 131.6 50 5000 156.8 129 199.8 151 96.3 % 403

14

100% RE / Wind / PV / 
Bagasse / WTE combustion

2015 950 239 950 0 0 0 0 0 0.0 % 0

2020 1050 0.3807 121.7 621 40.9 % 0

2025 1150 0.3452 129.9 286 5000 138.4 56 85.3 75 75.1 % 16

2030 1250 0.3609 139.4 133 5000 165 157 181.4 181 89.4 % 265

2035 1350 0.4143 151.9 50 5000 180.6 176 248.3 205 96.3 % 398
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GUIDING TRANSITION PATHWAYS BY 
POLICY 
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Where to find information on national 
renewable energy potentials

• Size (GW) and quality (cost per kWh) of the renewable resources of 
the country?
– Solar energy (PV and solar thermal)
– Wind energy (onshore and offshore)
– Geothermal energy (deep and shallow)
– Ocean energy (wave, tidal, ocean currents)
– Hydropower 
– Bioenergy (waste and energy crops)
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Guiding the transition: Why policy has to step in

• Markets don’t steer towards sustainable energy futures due to 
massive externalities (climate, health, environment), which are not 
included in market prices!

• Policy has to set the guardrails / framework for markets to steer 
towards sustainable energy futures
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Guiding the transition: The policy framework

• Prohibit the use of non sustainable energy sources (phase out):
– Phase out of nuclear energy by set target year in many countries after 

Fukushima
– Phase out of coal in a number of countries to reach climate targets

• Mandate the use of sustainable energy sources (phase in)
– Renewable energy quota (portfolio standards) in different countries

• Make non sustainable energy sources very expensive (taxes or 
emission charges)
– CO2 taxes in some countries
– CO2 emission rights in trading systems

• Make sustainable energy sources cheap (subsidies)
– Feed-in tariffs
– Investment subsidies
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TAKE HOME MESSAGES
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Sustainable future energy systems
Take home message

• Energy futures need to fulfill sustainability criteria
• Energy is the main cause and solution of global warming
• Projecting past trends into the future will not lead to a sustainable 

energy future
• A sustainable energy future has three main components:

– Energy efficiency to decrease demand
– 100% renewable energy supply
– Storage to allow time shift of electricity from wind and solar production to 

times of demand

• Every country will have its own sustainable energy future
• Policy needs to set the framework to guide the transition
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Prof. Dr. Olav Hohmeyer
Europa-Universität Flensburg

Yangon, Myanmar, September 4th,  2019

How to design sustainable energy scenarios
for a country
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What do we need to look at for sustainable 
future energy scenarios?

• The likely future energy demand
• The factors driving the future energy demand

– Economic growth
– Population growth
– Energy efficiency improvements

• The possible contributions of different renewable 
energy sources

• Storage possibilities of a country
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A 100% renewable energy supply
A chance for Myanmar?

Prof. Dr. Olav Hohmeyer
Europa-Universität Flensburg

Langon, Myanmar, October 9th,  2017
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Results of a first 100% RE study on Myanmar 

Prof. Dr. Olav Hohmeyer
Europa-Universität Flensburg

Langon, Myanmar, October 9th,  2017
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Myanmar has very good wind and solar energy 
resources

Source: IES and MKE 2017
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Myanmar’s hydropower resource is excellent and 
biomass can contribute substantially 

Source: IES and MKE 2017
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The seasonality of solar, wind and hydropower fits 
very well together

Source: IES and MKE 2017
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A sevenfold increase in electricity demand will need 
to be met by 2050

Source: IES and MKE 2017
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Increased efficiency may reduce power demand by 
about 20%

Source: IES and MKE 2017
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In the business-as-usual case coal is supposed to 
cover about 60% of the future power demand

Source: IES and MKE 2017
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A mix of solar, wind, biomass and hydropower can 
supply 100% RE

Source: IES and MKE 2017
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A mix of solar, wind, biomass and hydropower can 
supply 100% RE

Source: IES and MKE 2017
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The levelized cost of electricity remains at a similar 
level

Source: IES and MKE 2017
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Conclusions

• Myanmar can shift to 100% RE without higher costs

• Myanmar will benefit by higher jobs and less pollution

• International climate money can pave the way 
• A 100% RE strategy will help mitigate global climate 

change

• A 100% RE strategy can avoid substantial future 
payments for CO2 emission charges

• We know how to do it and how to get the funding and 
financing

• 100% RE power supply may be an interesting option for 
Myanmar
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Thank you very much for your attention
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Thank you very much for your attention


