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Worldwide renewable and non-renewable power capacity additions
The global trend is towards much more PV and windé

Source: IRENA (2017), REthinkingEnergy 2017: Accelerating the global energy

transformation. International Renewable Energy Agency, Abu Dhabi.







Notable milestones in RE integration

Denmark, 2 September 2015: 
The Western Danish power 
system runs without 
centralisedpower generation 
for the first time

Spain, 28 February 2016: For 
the first time, wind power 
provides upward balancing 
reserves

Portugal, 7-11 May 2016: 
Renewable energy (including 
hydro) covers the equivalent 
of 100% of power demand for 
107 consecutive hours

Germany, 8 May 2016: Wind 
and solar PVcover the 
equivalent of 90% of power 
demand

Scotland, 14 August 2016: 
Daily wind power production 
exceeded demand
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Levelised cost of electricity for utility scale power (ranges and averages)

Source: IRENA (2017), REthinkingEnergy 2017: Accelerating the global energy
transformation. International Renewable Energy Agency, Abu Dhabi.





The cost of clean energy continues to fall

PV and wind costs have fallen dramatically in recent years. The falling cost of clean energies opens new 

opportunities

Indexed cost of onshore wind, utility scale PV, batteries and LED lighting, 2008-2015 
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Example Germany: Feed-in tariffs for Solar PV dropped massively 
since 2005  - and cost degressionwill continue 

ZSW et. al (2014), own calculations

10

Average PV feed-in tariff for new installations 2005 - 2015

Fraunhofer ISE (2015)

Expected cost degressionfor large-scale PV systems 2014 - 2050

Source: AGORA Dr. Patrick Graichen; LƴǎƛƎƘǘǎ ŦǊƻƳ DŜǊƳŀƴȅΩǎ Energiewende, Berlin 2016
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Costdevelopmentof automotive batteriesper kWh
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Volkswagen unveils its first long-distance electric car 
Concept product joins intensifying race to build zero-emission vehicle for 

mass market; 28.9.2016
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https://www.ft.com/content/07ae79e6-8586-11e6-a29c-6e7d9515ad15 



Tesla EnergySun Home Wheels
Combinationof Home Energyand Transport 
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Source: https://www.teslarati.com/tesla-energy-sun-home-wheels/



Examplefrom Bangkok, Thailand:
Zero Energytown housewith PV and IceStorage
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Source: Agora Energiewende: Current and Future Cost of Photovoltaics, 2015

PV costs follow usual world wide semi-conductor cost developments!



Summary: Four Clean Energies - Disruptive 
Technology Trends

ÅSolar Photovoltaic (PV) costs fell dramatically in the last years 
and will continue to fall further!

ïGermany: by 80% in 10 years 

ï²ƻǊƭŘΩǎ ƭƻǿŜǎǘ ōƛŘΥ !ōǳ 5ƘŀōƛΣ лфκнлмсΥ нΣпн cUS$/kWh for 
350 MWp

ÅEnergy Storage Technologies seem to follow the learning curve 
of PV module costs

ÅElectrical Vehicles (EV) are enteringthe markets

ÅSelf driving cars and shared mobility concepts start

Ą This together will lead to massive ά/ƭŜŀƴ 5ƛǎǊǳǇǘƛƻƴέ ƻŦ ŜƴŜǊƎȅ 
andtransportation sector by 2030  
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The Energy transition means fundamentally 
changing the whole power system

AGEB (2016), BReg(2010), EEG (2014), own calculations           * preliminary
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Gross electricity generation 1990, 2016 and 2050

Phase out of Nuclear Power
Gradual shut down of all nuclear power plants until 
2022

Increase in efficiency
Reduction of power consumption compared to 2008 
levels: - 10% in 2020; - 25% in 2050

Development of renewable energies
Share in power consumption to increase to: 
40 - 45% in 2025; 55 -сл҈ ƛƴ нлорΤ җ ул҈ ƛƴ нлрл

Reduction of Greenhouse Gas Emissions
Reduction targets below 1990 levels: 
- 40% by 2020; - 55% by 2030; - 70% by 2040; 
- 80% to - 95% by 2050

Source: AGORA Dr. Patrick Graichen; LƴǎƛƎƘǘǎ ŦǊƻƳ DŜǊƳŀƴȅΩǎ Energiewende, Berlin 2016



Today, wind and solar are already cost competitive to all 
other newly built power plants in Germany

26

Range* of levelizedcost of electricity (LCOE) 2015

Agora Energiewende(2015e) * based on varying utilization, CO2-price and investment cost

Source: AGORA Dr. Patrick Graichen; LƴǎƛƎƘǘǎ ŦǊƻƳ DŜǊƳŀƴȅΩǎ Energiewende, Berlin 2016
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With wind and solar, the new power system will be based 
on two technologies that completely change the picture
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Gross electricity generation of renewable 
energies 2000 - 2035

Electricity generation and consumption in a 
sample week 2023

AGEB (2015a), BNetzA(2014), BNetzA(2015b), own 
calculations

Fraunhofer IWES (2013)

Specific 
characteristics of 

Wind and Solar PV

High 
capital costs

2

Very low 
variable cost

3

Variable1

G

W

Source: AGORA Dr. Patrick Graichen; LƴǎƛƎƘǘǎ ŦǊƻƳ DŜǊƳŀƴȅΩǎ Energiewende, Berlin 2016



Flexibility is the paradigm of the new power system ς
baseload capacities are hardly needed in longer future

Own calculations on basis of Agora Energiewende(2015b)
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Electricity generation and consumption in a sample week with 50% RES share

Key flexibility options

Flexible fossil and bioenergy power plants 
(incl. CHP)

Grids and transmission capacities for 
exports/imports

Demand Side Management

Storage technologies (Batteries, Power-
to-Gas)

Integration of the power, heat and 
transport sectors (power-to-heat, electric 
cars)

Source: AGORA Dr. Patrick Graichen; LƴǎƛƎƘǘǎ ŦǊƻƳ DŜǊƳŀƴȅΩǎ Energiewende, Berlin 2016

=> Thathasconsequencesfor new coalpower plants! 
Getflexibel!



Composition of conventional power park in 
Germany for 0% and for 40% variable RE power 

:Source: Hirth, Lion, Falko Ueckerdtϧ hǘǘƳŀǊ 9ŘŜƴƘƻŦŜǊ όнлмрύΥ άLƴǘŜƎǊŀǘƛƻƴ CostsRevisited
ςAn economicframeworkof wind and solar variabilityέΣ RenewableEnergy74, 925ς939. doi:10.1016/j.renene.2014.08.065 



System integration strategies key to use wind and solar effectively

Curtailment levels are a good indicator for successful VRE integration ðgrowing curtailment signals 

shortfalls in power system flexibility

Wind penetration and curtailment in selected  countries, 2012 -2015
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The integration costs of wind and solar (0.5 to 2.0 
centsEuro/kWh) do not change their overall competitiveness

32

Overviewof componentsdiscussedunderαintegration costsά

Agora Energiewende (2015)

Undisputed and

rather low

Disputed : experts disagree on whether the cost

effect of interaction with other powerplants should be

considered as ăIntegration costs ò

Source: AGORA Dr. Patrick Graichen; LƴǎƛƎƘǘǎ ŦǊƻƳ DŜǊƳŀƴȅΩǎ Energiewende, Berlin 2016



The Energy transition implies a new energy world ς
characterized by flexibility, decentralized structures and a 

wide variety of actors

33

Illustrative visualisationof the old and the new electricity system 

Own illustration

high voltage low voltagemedium voltage

Source: AGORA Dr. Patrick Graichen; LƴǎƛƎƘǘǎ ŦǊƻƳ DŜǊƳŀƴȅΩǎ Energiewende, Berlin 2016
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How does the future energy system look like?
Nobody knows it exactly, 

but it will be very different from today! 
So better be flexible and prepare for the future!

Source: Siemens AG



Putting together the pieces ðtowards a new paradigm?

Smart local grids, linking a diverse set of distributed resources across different sectors, 

may emerge as main pillar of future energy systems.
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Source: Fereidoon P. Sioshansi; Innovation and Disruptionat theDǊƛŘΩǎEdge, 
Menlo EnergyEconomics, WalnutCreek, CA, United States (2017) 



FIVE KEY CHARACTERISTICS OF A FUTURE 
ENERGY COMPANY

1: Access to a portfolio of generation, storage, and flexible demand 
will remain important in the future, but with less emphasis on asset 
ownership. 

2: Risk management, optimization, and trading are essential parts of 
the operation of a utility and will continue to be core business. 

3: Control ƻŦ ά.ƛƎ 5ŀǘŀέ will give leverage for competitive advantage. 

4: User-friendly applications and automation tools will enhance 
customer propositions and unlock demand response. 

5: Being close to the customers and retaining their trust as their 
needs change will be important to unlock new sources of value. 
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Source: Fereidoon P. Sioshansi; Innovation and Disruptionat theDǊƛŘΩǎEdge, 
Menlo EnergyEconomics, WalnutCreek, CA, United States (2017)
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Source: Fereidoon P. Sioshansi; Innovation and Disruptionat theDǊƛŘΩǎEdge, 
Menlo EnergyEconomics, WalnutCreek, CA, United States (2017)



41Source: Fereidoon P. Sioshansi; Innovation and Disruptionat theDǊƛŘΩǎEdge, 
Menlo EnergyEconomics, WalnutCreek, CA, United States (2017)
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A two -speed world for renewable electricity

The increase in generation from renewables in 2015 -2021 represents 60% of the global increase in 

electricity output, but  prospects vary across regionally 

Electricity and renewable generation growth by country/region
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Source: Total electricity generation from World Energy Outlook 2016.



Average annualinvestment in the power 
sector in ASEAN countries



ASEAN electricity generation by source (TWh) ς
Coal grow to 50%, Gas reduced to 26%, RE to 22% in 2040 

Germany now 37%, 65% until 2030

Soure: OECD/IEA 2015 Development Prospects of the ASEAN Power Sector



ASEAN: Physical capacity growth of select renewable technologies 
in the Reference Case and REmap Options to 2025 

Source: IRENA & ACE (2016). Renewable Energy Outlook for ASEAN: a REmapAnalysis. International Renewable Energy
Agency (IRENA), Abu Dhabi and ASEAN Centre for Energy (ACE), Jakarta 



Source: http://www.modernpowersystems.com/
news/newschina-cancels-104-coal-projects-5724078

Are ASEAN countries going 
the same way? 
Who pays for the stranded 
investments later ?

ÝASEAN is at a turning 
point and still can avoid 
the mistakes of others, but 
governments must decide 
now, which way they want 
to steer!

http://www.modernpowersystems.com/


Challenges in ASEAN for the Future of Power Markets

1. Many Renewable Energy System Costs are on same level as conventional power 
system costs!

2. Imported LNG becomes competitive ! ?

3. Long term future price developments for oil and imported coal are hardly predictable! 

4. PV power will be the cheapest power source ςIt will challenge grids, utilities and 
conventional power producers !

5. Consumer will become Prosumer (producer and consumer) ςThey challenge 
distribution utilities!

6. Transport and Power Sector will merge within the next 15 years

7. Climate Change commitments will curtail conventional fuel supply 

Ý Future of existing electricity market need to adopt to challenges!

Ý How can we get the required flexibility into the energy market?

Ý How to minimize macro economic costs of energy transition?

48



Total Impact of RE developmentis muchmore than just kWh!
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Recommendations on energy research policy 
priorities based 1/2  

1. Do not focus on hardware production, like PV modules and 
inverters

2. Maybe focus on battery development, if big resources and man 
power can be provided

3. Focus on Smart Grid topics 

4. Focus on system integration, simulation, adaptation of PV/battery 
systems to Thailand situation 

5. Focus on Battery, PV and EV system optimisation and adaptation

6. Focus on IT, services, and business model development

7. Focus on manufacturing BoSequipment, that has multiple 
applications

Presentation Title 51



Recommendations on energy research policy 
priorities based 2/2  

8. Focus on energy market design and energy economics, 

9. Focus on financing, and business model development

10.Focus on impact research of new energy world to transport sector, 
energy sector

11.Focus on environment and social and economic impact of 
disruptive technologies

12..ǳƛƭŘ ǳǇ άtƻǿŜǊ ƘƻǳǎŜǎ ƛƴ 9ƴŜǊƎȅ ǊŜǎŜŀǊŎƘΣ ƭƛƪŜ ŀƴ bw9[ ƻǊ L{9 ƻǊ 
ISI Fraunhofer, that can do international recognised applied 
research in battery systems, in smart grid, in PV integration systems

13.Pick suitable research topics, that are revevantto Thailand, like 
Agro PV or Smart Grid
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Page 5310/08/2018 Source: Projekt »APV-Resola; ISE Fraunhofer 2016

Land Use Issues for PV?  The solutioné

Combining of Agriculture and 194 kWp PV
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