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1. Competitive solar and wind power will play a central role in 
future power systems 

 

2. Variability of wind and solar PV electricity raises issues, which 
leading countries show can be addressed 
 No problem at 5% - 10%, if well-managed 

 Going to larger shares: the balancing and utilization challenges 

 The three pillars of system transformation: 

 System friendly RE deployment 

 Use best what you have: markets, forecasts 

 Invest in more flexibility: grids, demand side, flexible generation, storage 

 

3. Specific issues from distributed generation 

 

4. Conclusions and recommendations 
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A combination of price competition, long-term contracts, good resources and financial de-
risking measures is creating deployment opportunities in newer markets and at lower costs  

Recent announced long-term contract prices for new renewable power 

Utility-scale solar PV Onshore wind 

Chile 
USD 65-68/MWh 

Brazil 
USD 81/MWh 

United States 
USD 65-70/MWh 

India 
USD 88-116/MWh 

United Arab Emirates 
USD 58/MWh 

South Africa 
USD 65/MWh 

United States 
USD 47/MWh 

Brazil 
 USD 49/MWh 

South Africa 
USD 51/MWh Australia 

USD 69/MWh 

Turkey 
USD 73/MWh 

China 
USD 80–91/MWh 

Germany 
USD 67-100/MWh 

Egypt 
USD 41-50/MWh 

Jordan 
USD 61-77/MWh 

Uruguay 
USD 90/MWh 

Germany 
USD 96 /MWh 

Canada 
USD 66/MWh 

This map is without prejudice to the status or sovereignty over any territory, to the delimitation of international frontiers and boundaries and to the name of any territory, city or area 

Wind and solar: lower costs on 
the horizon 
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Power mix: a shift reversal 

2011                       6DS                      2DS                      hi-Ren 

 Generation today: 
• Fossil fuels: 68% 

• Renewables: 20% 

 

 Generation 2DS 2050: 
 Renewables:  65 - 79% 

 Fossil fuels:    20 - 12% 
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Regional power mixes differ  
by 2050 in 2DS hi-REN  
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Differences in resources but also in load shapes lead to quite different technology mixes 



© OECD/IEA 2016 

 

Evolution of the ASEAN power 
mix in the 2DS hi-Ren 
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Variable renewable renewables (mostly solar PV) would generate 1/3 of electricity in ASEAN 
region by 2050 in the 2DS hi-Ren scenario 
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In 2015 already, Germany got almost 20% of power from 

wind and solar, 30% from RE! 

Germany, 1993, 0.1% wind power in total generation – power 
utilities issue a joint statement:  

“Renewable energies such as sun, hydro or wind cannot cover 
more than 4% of our electricity consumption – even in the long 
run”  Source: Die Zeit, 30 July 1993, p. 10 

 

Variable renewables (vRE) 
 and initial concerns 
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0% 5% 10% 15% 20% 25% 30% 35% 40% 45%

Japan

Brazil

India

France

Sweden

ERCOT

NW Europe

Italy

Great Britain

Germany

Iberia

Ireland

Denmark

Wind 2012 PV 2012 Additional Wind 2012-18 Additional PV 2012-18

VRE share of total annual electricity output 

Note:  ERCOT = Electricity Reliability Council of Texas, United States  
Source: IEA estimates derived in part from IEA Medium-Term Renewable Energy Market Report 2013. 

Large-scale integration accomplished 
today, and more to come 

Instantaneous shares 
reaching 60% and 
above  

2015 
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 Power systems already deal with a vast demand variability 
• Can use existing flexibility for VRE integration 

No problem at 5% - 10%, if … 

Exceptionally high variability in Brazil, 28 June 2010 

 No technical or economic challenges at low shares,  
if basic rules are followed:  
 Avoid uncontrolled, local ‘hot spots’ of deployment 

 Adapt basic system operation strategies, such as forecasts 

 Ensure that VRE power plants are state-of-the art and can stabilise the grid 
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Note: Load data and wind data from Germany 10 to 16 November 2010, wind generation scaled, actual share 7.3%. Scaling may overestimate the impact of variability; 
combined effect of wind and solar may be lower, illustration only.  
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of VRE: the balancing challenge 
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 Netload implies different utilisation for non-VRE system 

Integrating larger shares  
of VRE: the utilisation challenge 

Note: Load data and wind data from Germany 10 to 16 November 2010, wind generation scaled, actual share 7.3%. Scaling may overestimate the impact of variability; 
combined effect of wind and solar may be lower, illustration only.  

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

1 2 000 4 000 6 000 8 000 

N
et

 lo
ad

 (
G

W
) 

  

Hours 

0.0% 2.5% 5.0% 10.0% 20.0% 
Maximum 

remains high: 
Scarcity  

Lower 
minimum: 

Abundance 

Changed utilisation 
pattern 

Base - 
load 

Mid - 
merit 

Peak 

Mid - 
merit 

Peak 

Mid - 
merit 

Base - 
load 

- 

- 



© OECD/IEA 2016 

 

2.  
Make better use of what 

you have 

O
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1.  
Let wind 
and solar 
play their 

part 

3.  
Take a system wide-strategic approach 

to investments! 

System  
friendly  

VRE 

Technology 
spread 

Geographic 
spread 

Design 
of power 

plants  

Three pillars of system 
transformation 
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1) System-friendly VRE 
deployment 

Source: adapted from Agora, 2013 

Example: Complementarity of wind 
and solar generation in Germany 

Example: System-friendly design of 
wind turbines reduces variability 
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Geographic spread smooths 
out variability somewhat 

Wind onshore generation for 
different geographical areas
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Source: EDF R&D after RTE 
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2) Better system & market 
operations 

 VRE forecasting 

 Better market 
operations: 

• Fast trading 
Best practice:  
ERCOT (Texas) – 5 minutes 

• Price depending on 
location 
Best practice: United States –  
Locational Marginal Prices  

• Better flexibility 
markets 

 

0%

5%

10%

15%

20%

25%

1 5 9 13 17 21 25 29 33 37 41 45

M
ea

n
 a

b
so

lu
te

 e
rr

o
r 

/ 
av

er
ag

e 
p

ro
d

u
ct

io
n

Forecast horizon (Hours before real-time)

2008 2009

2010 2011

2012

Accuracy of wind forecasts in Spain  



© OECD/IEA 2016 

 

3) Invest in additional flexibility 

Grid 
infrastructure 

Dispatchable 
generation Storage 

Demand side 
integration 

Four sources of flexibility … 
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 Large shares of VRE can be integrated cost-effectively 

 But adding VRE rapidly without adapting the system is bound to 
increase costs 

Cost-effective integration means 
transformation of power system 

+40% 

+10-15% 

Test System / IMRES Model 
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Specific issues from distributed 
generation 

Commercial PV in the US 

Residential PV in Australia 
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 Depending on the time match demand vs. sunshine, grid costs may 
be reduced or increased 

 T&D costs 30-50% of retail costs, but only 0-15% recovered through 
fixed payments for efficiency/equity reasons 

 Self-consumers pay less but still benefit from the grid  

 Net-energy metering only increases the size of the issue 

 Recovering grid costs over lesser sales may require tariff increase, 
but this leads to cross-subsidies, and further incentivizes self-
consumption  

“Load-defection” will not (likely) lead to “grid defection”, but 
financing of grid development is a real issue. Grids have high value 
to integrate large shares of variable renewables 
 

Grid cost issues with self-
consumption and net-metering 
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 In 2013, Hawaii imported 91% 
of the energy it consumed 
leading to high electricity prices 

 In 2014 electricity generation 
from solar more than doubled 

 381 MW of small-scale solar 
capacity were installed  

 Overall 21% of electricity from 
renewables in 2014, of which 
62% have been distributed 
sources 

 First State to set goal of 100% 
RE, to be reached by 2045 

 State is at the forefront of the 
integration challenges 
associated with high shares of 
distributed energy generation 

 

Hawaii at the forefront 

Oahu 

Source: Hawaïan Electric 
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 In 2013, Hawaii imported 91% 
of the energy it consumed 
leading to high electricity prices 

 In 2014 electricity generation 
from solar more than doubled 

 381 MW of small-scale solar 
capacity were installed  

 Overall 21% of electricity from 
renewables in 2014, of which 
62% have been distributed 
sources 

 First State to set goal of 100% 
RE, to be reached by 2045 

 State is at the forefront of the 
integration challenges 
associated with high shares of 
distributed energy generation 

 

 

Source: Hawaïan Electric 

Oahu 

Hawaii at the forefront 
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* SOURCE: Trade and Invest, Germany. Model calculation for rooftop systems, based on 802 kWh/kWp (Frankfurt/Main), 100% financing, 6% interest rate, 20 
year term, 2% p.a. O&M costs. Sources: FiTs: BMU 2013; System Prices: BSW 2013; Model Calculation: Deutsche Bank 2010; Electricity Prices 2007-2013: 
Eurostat 2013. 
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Battery storage, the next big thing? 

PV+battery socket parity might be around the corner in Germany 
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Conclusions and recommendations 

 

 Variability is not new to grid managers, reaching 5-10% energy 
from wind and solar is no problem if well-managed: 
• Optimise system and market operations 

• Deploy VRE in a system-friendly manner – giving the right incentives to 
developpers 

• Develop state-of-art forecasting 

 Going to larger shares 
• Approach VRE integration as a question of holistic, long-term system 

transformation from the onset, seeking for flexibility from all sources 

 Building upon the dynamism of distributed generation 
• Avoiding uncontrolled concentrations (hot spots) 

• Ensuring grid cost recovery 

 

 
 


