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

Source: IRENA (2017), REthinking Energy 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 
centralised power 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 PV cover 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), REthinking Energy 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 degression will continue 

ZSW et. al (2014), own calculations
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Average PV feed-in tariff for new installations 2005 - 2015

Fraunhofer ISE (2015)

Expected cost degression for large-scale PV systems 2014 - 2050

Source: AGORA Dr. Patrick Graichen; Insights from Germany’s Energiewende, Berlin 2016
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Cost development of automotive batteries per kWh



05/08/2018



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 Energy Sun Home Wheels
Combination of Home Energy and Transport 
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Source: https://www.teslarati.com/tesla-energy-sun-home-wheels/



Example from Bangkok, Thailand:
Zero Energy town house with PV and Ice Storage
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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

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

– Germany: by 80% in 10 years 

– World’s lowest bid: Abu Dhabi, 09/2016: 2,42 cUS$/kWh for 
350 MWp

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

• Electrical Vehicles (EV) are entering the markets

• Self driving cars and shared mobility concepts start

 This together will lead to massive “Clean Disruption” of energy 
and transportation 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 - 60% in 2035; ≥ 80% in 2050

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; Insights from Germany’s Energiewende, Berlin 2016



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

26

Range* of levelized cost of electricity (LCOE) 2015

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

Source: AGORA Dr. Patrick Graichen; Insights from Germany’s 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
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Source: AGORA Dr. Patrick Graichen; Insights from Germany’s Energiewende, Berlin 2016



Flexibility is the paradigm of the new power system –
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; Insights from Germany’s Energiewende, Berlin 2016

=> That has consequences for new coal power plants! 
Get flexibel!



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

:Source: Hirth, Lion, Falko Ueckerdt & Ottmar Edenhofer (2015): “Integration Costs Revisited
– An economic framework of wind and solar variability”, Renewable Energy 74, 925–939. 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 – growing 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

Overview of components discussed under „integration costs“

Agora Energiewende (2015)

Undisputed and

rather low

Disputed : experts disagree on whether the cost

effect of interaction with other powerplants should be

considered as „Integration costs“

Source: AGORA Dr. Patrick Graichen; Insights from Germany’s Energiewende, Berlin 2016



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

wide variety of actors

33

Illustrative visualisation of the old and the new electricity system 

Own illustration

high voltage low voltagemedium voltage

Source: AGORA Dr. Patrick Graichen; Insights from Germany’s 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 – towards 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.



Table of Content

• Worldwide Energy Milestones – New Energy World is happening

• Cost Reduction of variable Renewable Energies – it will not stop here

• Disruptive Energy Technologies - will challenge existing energy business

• German Energy Transition – what can we learn from it?

• Impacts to grids – how to cope with the challenges?

• How does the future look like? – More Renewable, Smarter grids and 
more distributed generation?

• Review of Energy Planing Process for DoE, Manila, The Philippines

• Challenges and Opportunities in the New Energy World – New business 
models are needed and offer opportunities for new market participants

• Situation in ASEAN/Thailand – are we missing the opportunities?

• Recommendations for energy policy priorities based on international 
experiences 

• Conclusions



Review of planning process for DoE,  
Manila, The Philippines

• Present key findings of a 

Report to DOE, Manila
• Assessment of Energy Sector Planning

in the Philippines - Status quo, 

challenges and options
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I.1 Rationale

The problem: New Energy Era is ante portas and requires anticipation

• RE and other innovations will soon have massive effects particularly on 

power sectors.

• Adjustments are needed for two periods:

i) the present Transition Time (2015 ~ 2025) and 

ii) the coming New Energy Era (~2025+) which will be

marked by RE Shares in power generation above 50%(?).

• If not considered and anticipated in planning today, this will result in 

unnecessary public welfare losses, including stranded investment. 
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I.2  Trends in sector fundamentals

• Ongoing liberalization, multiplication of power sector participants, 

complication of ancillary services and future capacity provision.

• Continuous cost reductions for variable renewable energy (vRE) 

and energy storage

• Distributed generation leads to changing operating modes

• Enhanced changes by ”smart” grids and virtual utilities

• Global climate policy commitments enforce low carbon policies

• Low interest rates for equity and debt financing favor high upfront

cost technologies such as vRE

• Increased uncertainty of fossil energy resources’ prices
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I.3 Trends in sector fundamentals – Illustrative Figure

Generation

•GenCo

•IPP

Transmission

•Transmission System Operator

•Single Byer

•Market Operator 

Distribution

•Distribution System Operator

•Retailer

•Mini grid operator

Consumers

• Self generator  

• Consumer only 

Are 

current

plans still 

adequate

?

Institutional  

Liberalisation

Global changes: capital interest rates, fuel prices, conflicts … 
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I.4 Trends in sector fundamentals 

These changes have disruptive consequences, in particular: 

i) Future structures and operations in the power sector will be

categorically different due to: decentralized and multidirectional

power flow; obsolescence of inflexible “base-load” generation; 

new forms of ancillary services and long-term capacity provision, 

coupling of transport & power; new business models etc.

ii) Actors in existing and new businesses face high uncertainty and 

need to consider and optimize many more options and players than

before

iii) State needs to take a more active role in providing orientation
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I.5 Resulting new power sector planning challenges

1. Added complexity, integration needs, state guidance of investments

2. Boundary conditions and options are changing faster than many

public planning routines can react and be enacted

3. Theory has not yet provided a new, readily applicable, comprehensive

set of energy market rules suitable for the „new energy era“.

4. Practice will require adjusting emerging elements of such new market

solutions to specific country conditions; pilot countries demonstrate

solutions for up to 30% vRE.

5. “Mainstreaming” of the emerging tools and methods for vRE, distributed

generation (DisGen), intelligent grids and other innovations into standard

sector planning has not occurred yet
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II. Overview of assessment of current PH energy planning

A: Methodology – Mapping and analysis of EPIRA and its individual plans

leads up to synthesis and development of recommendations.

B: Identification of issues and solutions overall and plan-by-plan resulted

in 50 specific recommendations, 7 general principles and 4 next steps (III.)

C: Synthesis of assessment suggestions and proposals (II.):

II.1 General assessment

II.2. Government policy role and use of planning

II.3. Adjustments and methodological updating of existing planning

II.4 Refit planning and decision-support facilities, with novel tools

II.5 Strengthen Capacity Development for better planning and modeling
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Fact sheet: 
Planning for the
Energy future
Published by
GIZ, Manila
March 2018
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Source: Fereidoon P. Sioshansi; Innovation and Disruption at the Grid’s Edge, 
Menlo Energy Economics, Walnut Creek, 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 of “Big Data” 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 Disruption at the Grid’s Edge, 
Menlo Energy Economics, Walnut Creek, CA, United States (2017)
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Source: Fereidoon P. Sioshansi; Innovation and Disruption at the Grid’s Edge, 
Menlo Energy Economics, Walnut Creek, CA, United States (2017)



50Source: Fereidoon P. Sioshansi; Innovation and Disruption at the Grid’s Edge, 
Menlo Energy Economics, Walnut Creek, 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 annual investment in the power 
sector in ASEAN countries



ASEAN electricity generation by source (TWh) –
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 REmap Analysis. 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 ?

ASEAN 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 – It will challenge grids, utilities and 
conventional power producers !

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

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

7. Climate Change commitments will curtail conventional fuel supply 

 Future of existing electricity market need to adopt to challenges!

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

 How to minimize macro economic costs of energy transition?

57



Total Impact of RE development is much more than just kWh!
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Recommendations on policy priorities based on 
international energy policy experiences 1/4  

1. Establish full and true cost figures for generating, transmitting, 
and distribution of electricity

- Laos-Thailand-Malaysia (LTM) power trading for  100 MW(?) – start learning on 
“Wheeling charge”.

- JGSEE made first study to calculate final price to end consumer in case of 
wheeling charges

2. Try to remove any subsidies for electricity, if not possible establish 
direct subsidies, like life line tariffs for social needed groups

- Direct and indirect subsidies, like subsidy for natural gas for power, “cross subsidy” 

like FIT if other subsidies should be removed when external costs are internalized. 
e.g. for CO2
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Final Price to End Users

61
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Recommendations on policy priorities based on 
international energy policy experiences – 2/4 

3. Monitor closely international developments and international energy policies 
and establish regular, what can Thailand learn from it, what can be taken over, 
what not and what does it mean for the PDP, for the utilities, for the markets?

• study tour to foreign countries: More effective: longer term exposure program for 
relevant senior staff to Europe

• Integrate returining PhDs/MSc. from abroad and give them freedom to develop

4. Start a discussion on development of a national then as well regional 

“Energy Vision”. Where does the country want to be in 20, 30 and 40 years? 

How shall the energy situation look like? How much energy from what 
resources? What is important for us?

• 20-years National Strategy and National Reform Plan on Energy are sufficient?

5. Establish a stakeholder discussion process on the national and regional 
energy vision and try to get a common understanding
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Recommendations on policy priorities based on 
international energy policy experiences – 3/4 

6. Once a common vision is established, start an integrated energy 
planning process to translate the energy vision into a consistent 
national and then as well regional energy plan.

7. Check if institutional arrangements are compatible with energy 
vision

8. Parallel to the discussion on energy vison, start to do many pilot 
projects on new energy projects, block chain, distributed generation, 
self-consumption, net metering, virtual energy markets, virtual power 
plants.

9. Start experimenting with smart grid aspects and evaluate them
• Thailand Smart Grid Roadmap is a start....

10. Allow learning of all stakeholders, make sure that utilities are active 
part of it! Presentation Title 63



Recommendations on policy priorities based on 
international energy policy experiences – 4/4 

11. Analyse if existing energy market is compatible with new energy 
world requirements. If not start thinking how to change form single 
buyer model to more free energy market with energy trading floor.

12. Start voluntary energy market for wholesale and selected 
industrial customers, once that trading platform is working, widen the 
customer market base
• Thailand Energy Trading Platform a start…?

• Position of EGAT ? – stay with single buyer model.

13. Parallel to this promote R&D for new energy world, do not 
concentrate on producing hard ware, concentrate on establishing new 
energy business, software business models, etc.
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Conclusions
• Energy landscape is changing rapidly!

• Due to falling PV, Wind and storage costs and due to ICT 
technologies!

• This will challenge power/energy markets within the next decade 
worldwide including ASEAN countries/Thailand

• New strategies are needed by all energy market participants to 
stay ahead and stay alive!

• New business models have to be developed and offer 
opportunities for new market participants

• Policies and regulation need to be adopted to allow level playing 
field and foster new developments.

• Doing nothing is no option! 

• As Michail Gorbatschow in 1989 said: “He who comes too late will 
be punished by life” 65



Thank you for your kind attention!
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