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Executive summary 

I Renewables shift energy mix 

• The report sketches trend and the global outlook for renewables until 2040. Later this year it will be 

complemented by a report addressing the implications for Dutch exports.    

• Three major trends shape the current energy transformation: (i) swift technological developments in 

renewables, driving down costs, spurring competitiveness and proliferation of employment of this energy 

source; (ii) China heavily investing in renewables; and (iii) the ongoing US shale revolution impacts the 

competitiveness of oil and gas, and thus of renewables. 

• In our baseline scenario, the New Policies Scenario (NPS), legislated and announced policies are starting points. 

This leads to a picture of the world where the current surge in renewables continues towards 2040. Still, all 

fossil fuels, oil, gas and even coal, as well as nuclear continue to grow. The supply of renewables simply can only 

meet 40% of the growing energy consumption. The target of the Paris Agreement, a temperature increase well 

below 2 degrees Celsius, is not met.  

• The alternative, far more ambitious, scenario is the Sustainable Development Scenario (SDS). It envisages 

meeting the Paris Agreement as well as UN targets on air pollution and access to electricity. In this scenario, 

renewables become the dominant energy source by 2040, with a much smaller role for fossil, especially oil and 

coal. It requires significant policy intervention and investments. Atradius thinks that the world is moving 

towards this scenario; society will not accept legislated and announced policies only.  

II The future is about electricity 

• In discussing renewables energy, we distinguish three main sectors: electricity, heat and transport. Sector 

demand comes from end users, firms and households. Main renewable energy sources to meet energy demand 

are hydro, wind, solar, geothermal, bioenergy and biofuels. 

• Renewables electricity is substantial and rapidly increasing (as part of total electricity supply), especially wind 

and solar are growing very strongly. This is where we focus on in the report. Renewable heat and renewable 

transport are less important contributors in total heat and transport supply.  

• Government support of renewable energy is heavily skewed towards wind and solar and has grown quickly 

during the last decade towards USD 173 billion globally. Heat policy support was marginal. For transport, 

including electric vehicles, it is limited. Policy support helps driving down costs of renewables, especially of 

solar, pushing up competitiveness.  

• There is a trend towards competitively set support, such as via auctions, away from subsidies and tax credits. 

This increasingly supports (international) competition. Investments in renewables are growing, but growth is 

constrained by cost reductions. Renewable based electricity is receiving the lion’s share of investments.  

• In the NPS scenario towards 2040, solar and wind energy grow strongly to meet the growing electricity 

demand, as hydro remains an important source. To achieve this, significant policy support remains necessary, 

again especially for solar and wind, in the EU, China and India. The trend towards competitively priced support, 

and thus international competition, will be reinforced. In heat bioenergy and solar will play a major role, in 

transport, biofuels and electric vehicles as the employment of the latter remains muted. 

• The SDS scenario is a world wherein heavy policy intervention pushes up the use of renewable energy, whilst 

the demand for energy, especially electricity (despite universal access) is restrained. Compared to the NPS, 

solar, wind (also for heat) and geothermal shoot up. The transport sector is transformed, with biofuels doubled, 

just like the number of electric vehicles. Whilst at this stage it may look like a dream come true, the movement 

towards such a world seems probable. Challenges are the amount of policy support, the level of investments 

and technological bottlenecks, storage in particular.     

III Wind energy 

• Wind capacity increased rapidly in the past years, supported by government policies and cost-reduction. Wind 

energy has become a mature market, increasingly competitive with new build fossil fuel alternatives. Although 

onshore wind farms are relatively easier and cheaper to build and maintain offshore wind farms are more 

efficient and generate more electricity. The largest offshore wind market is in Europe and the largest onshore 

market is China. Wind is mainly used for generating electricity. A challenge is handling its variability and the 

transmission to the public electricity grid.  

• In the NPS wind is expected to lead the growth in renewable capacity, with the increase mainly taking place in 

China and the EU. In the EU, wind power will be the largest source of electricity supply in 2030. Declining costs, 

also due to the gradual move to auctions instead of Feed-in-tariffs and the Paris climate agreement will support 

the wind energy market. Technological developments will boost the wind market, especially in the offshore 



market. It is most likely that the wind capacity expectations in the NPS will be met. Although the outlook in the 

SDS is quite ambitious, the energy world is moving into that direction.  

IV Solar energy 

• Capacity expansion of solar energy was also remarkable in the past years, supported by government subsidies, 

technological improvements, and cost reductions. China is the world largest producer of solar energy, but the 

EU has the largest share of solar in generating electricity. Like with wind the variability of solar and the 

transmission to the grid is a challenge.  

• In the NPS solar energy will increase sharply until 2040, leading all other energy sources in growth rates. 

Despite the increase the share of solar in the energy mix, solar will remain behind hydro and wind. In the SDS, 

solar energy will increase even more – more than 60% higher than in the NPS – but remains the third source in 

the energy mix. In both the baseline and alternative scenario, Asia-Pacific will drive growth and remain the 

dominant player in the solar energy market. 
 





Renewables Outlook 2018  1 

 

I Renewables shift energy mix

1.1 Growing environmental awareness 
For quite some time, we at Atradius Economic Research have produced reports on the oil and gas markets. But 

the world, and especially the energy world, is rapidly changing. In particular, climate awareness, or perhaps 

better, environmental awareness, has rapidly gained ground. The Paris Agreement, which essentially reflects a 

global agreement on climate change avoidance, is a hallmark of this. The drive for, or at least aspiration to, 

decarbonising the environment the agreement breaths will have a profound impact on the energy mix.  

Cleaner energy, and especially renewables, is set to play (and is already playing) a key role in future energy 

provisioning. It is therefore high time that we take a closer look at renewables specifically. Our aim for the 

Renewables Outlook is therefore to provide the reader with a comprehensive and concise overview of the 

trends and outlook for these energy sources. Indeed, given what can seem to be an overwhelming amount of 

literature on the subject, this report should help the reader to see the wood for the trees. It will be 

complemented, at a later stage, by a report on the implications for the Dutch exporters.  

We proceed as follows. The remainder of this chapter will be spent capturing the essence of the energy 

transition towards cleaner energy. It aims to provide the broad picture. In chapter 2 we then move on to 

sketch the picture of global developments and the outlook for renewables. This will include a discussion of the 

main renewables sectors, being electricity, heat and transport. It will become clear that renewables 

dominating the scene in terms of growing most rapidly are solar and wind. Therefore, these renewables will be 

discussed in two separate focal chapters, wind in chapter 3 and solar in chapter 4.  

The route we follow in this report is the one of the New Policies Scenario (NPS), the baseline scenario of the 

IEA WEO up to 2040.1 The NPS takes existing policies and - to some extend - announced policy intentions by 

countries as a starting point, including the US withdrawal from the Paris Agreement and the Chinese Energy 

Production and Consumption Revolution Strategy (2016-2030) aimed at reducing air pollution. Importantly, 

these policies and intentions, whilst they reflect more environmental awareness, are not sufficient for 

achieving the overall goals of the Paris Agreement. Neither do they stop the resumption of the increase of CO2 

production.2 Climate change goals are not met in the NPS world we describe. It then is arguably a conservative 

approach: it assumes policy development stops at this stage of implementation and announcements of policy 

intentions. Such stopping seems unlikely.3 Therefore, we benchmark the NPS against another IEA WEO 

scenario, the Sustainable Development Scenario (SDS). This goes (far) beyond the Paris Agreement by 

aggressively combatting climate change as well as objectives addressing air pollution and global access to 

electricity. Our assessment at this stage is, as we will argue below, the world is at least moving towards such 

state, that is to say: the state of SDS. Therefore, whilst taking the NPS as the baseline, this Renewables 

Outlook considers the implications of the SDS as well. 

1.2 Global energy transformation 
Major shifts in the global energy systems are underway. These regard technology, as well as policies and 

developments in China and the US. Without sketching these, the energy transition, and the role of renewables 

herein, will be difficult to grasp.  

First, and foremost, technological development is on the move, especially in renewables. It rapidly drives down 

the costs of renewables, triggering a virtuous circle encouraging higher rates of deployment and again lower 

costs. As we will see in this report, solar and wind capacity additions to feed power supply are soaring, 

especially in China. Costs are indeed coming down rapidly as well. Similarly, on the back of strong policy 

support and incentives, electric car sales are flourishing, again particularly in China.. Technological potential, 

                                                                    
1 The main reason to choose for this starting point is that the analyses and scenarios of the IEA simply reflect the best there is in the market, 

given the size of the effort taken by what is arguably the strongest and most international think tank in the world of energy. 
2 The flattening of the CO2 emissions during 2014-2016 is a temporary phenomenon 
3 Still, a more conservative scenario exists, the Current Policies Scenario, takes only into account the legislated policies.   
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and challenge, is in energy storage, where e.g. pumped-storage hydropower has seen some capacity additions, 

batteries for storage of solar and wind and carbon capture and storage (CCS).  

Second, China is going through an economic and energy transformation with global consequences. The 

economy is moving from heavy industry focus towards services, with major consequences for energy 

consumption. Instead of the industrial facility it is the urban household that increasingly determines demand. 

This transformation will be of help in, but not sufficient for, reducing air pollution, the major Chinese public 

health issue. This explains the need for the Energy Consumption and Production Strategy mentioned above. 

CO2 emissions are expected to peak before 2030. Energy efficiency will improved and more electricity should 

be coming from low carbon sources such as solar and wind and more usage of gas for e.g. residential usage. 

Chinese energy usage growth cannot be avoided, but its growth in the coming decades will be halved to 1% per 

annum compared to 2000-2012. Renewables will be heavily invested in. Still, coal remains a vital energy 

source, just like oil and gas. China will remain a heavy inporter of oil and gas.  

Third, the ‘shale revolution’ for oil and gas production in the US is entering a new stage. Following the oil price 

drop in 2014, US tight oil and natural gas production have significantly reduced costs and have become much 

more efficient. This allows US production growth to continue at lower prices, a process that will only plateau in 

the 2030s. On the other hand, energy efficiency standards for firms and households (also for trucks and 

passenger vehicles) will have a profound impact on oil consumption, in addition to the transition to natural 

gas, biofuels and electric vehicles. As a result, the US will turn into a net energy exporter. This restrains the 

upward pressure on oil and gas prices and holds up its competitiveness versus renewables – at least to some 

extent.    

 

1.3 Renewables surge goes on  
With these major trends in mind we can move on presenting the development of the energy mix in the NPS 

scenario, our benchmark scenario, up to 2040. It is a world in which the shift towards cleaner energy is clearly 

noticeable at the global level. Still, all fossil fuels – gas, oil and even coal – continue to grow. Moreover, they 

remain the dominant energy source. The underlying force is global energy consumption which is set to grow 

28% from 2016 to 2040. Nuclear and renewables growth is only expected to meet 40% of this growth.  

In this world of the NPS, energy consumption continues to grow, especially in Asia Pacific which accounts for 

close to 60% of global growth up to 2040. Energy consumption growth will be fuelled most strongly by India 

and China, due to a combination of GDP per capita growth, population growth and urbanisation, involving 1.7 

billion people. Put simply, all these people with rising income levels increasingly living in cities want appliances 

for cooling, heating, fridges, light, computers, cooking as well as cars and airplane seats. To a varying degree, 

these factors play a role in Africa, Latin America and the Middle East as well, but their impact on global 

consumption growth is clearly much lower due to the lower levels of GDP per capita and population. Ongoing 

energy efficiency improvements, pushed up by energy awareness as well, are outweighed in these regions by 

the factors that drive up energy consumption. Such is not the case for North America and moreso Europe, 

where energy efficiency. This results in flat or even lower energy consumption in these regions.  
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Underlying this picture is a number of assumptions, of which the following are relevant to keep in mind.4 

Firstly, learning and efficiency processes are enhanced by their level of deployment (creating a virtuous circle), 

and drive down production costs. Resource quality deterioration essentially offsets this.5 The costs of services 

and supplies, including materials (cement, steel etc.) as well as skilled labor, are assumed to be correlated with 

the oil price – an assumption historically justified. Then, if the costs of renewables are driven down further 

than assumed in the NPS, there will be a stronger shift in the energy mix in favor of renewables as renewables 

become relatively cheap. Secondly, only technological learning (from existing technology) and efficiency 

improvements are included in the scenarios. Technological breakthroughs are not, for the plausible reason 

that these are unpredictable. Such breakthroughs have an impact similar to lower production costs: for 

instance, a breakthrough inthe renewables sector changes the energy mix in favor of renewables. Thirdly, net 

fossil fuel importing countries fully phase out subsidies over a period of ten years. Additionally, (new) carbon 

pricing instruments are implemented to the extent they have been announced. In both cases failure of meeting 

these assumptions implies that the shift towards renewables in the NPS will be slower as there will be less 

incentive to lower fossil fuel consumption. Considering these assumptions, therefore, sheds light on the 

uncertainties, particularly related to renewables, underlying the NPS. The trend towards this energy source is 

clear, the pace is clearly uncertain.  

1.3 Going beyond the Paris agreement  
Under the alternative scenario, the SDS, a sufficiently strong policy push is given to achieve three UN 

Sustainable Development Goals: (i) mitigating the impact of climate change, (ii) reducing air pollution and (iii) 

achieving universal access to electricity by 2030. The SDS has a different approach than the NPS. Rather than 

taking the current and announced policy measures as a starting point, the SDS takes the policies required to 

reach these UN objectives.  

Most importantly, CO2 emissions are lower to meet objectives for climate change. The emissions peak in the 

early 2020s, followed by rapid reductions. As a result, the average temperature rise is kept well below 2% 

above pre-industrial threshold, whilst objectives for air quality and energy access are met as well. Then, there 

is the move towards global access to electricity. This is provided by additional access to electricity almost 

exclusively in rural areas (60% in Sub-Saharan Africa). The SDS goes well beyond the Paris Agreement.  

This means a world drastically changed in 2040 compared to the NPS, let alone 2016. First, it is far less energy 

intensive. Global energy consumption hardly grows (5%) and will be almost 20% lower than in the NPS. 

Second, the switch of the energy mix to non-fossil fuel is far more pronounced than in the NPS. Critical for 

achieving the UN climate goals is that the consumption of fossil fuels shrinks, whilst being 35% lower than in 

the NPS. Non-fossil-fuel consumption explodes and is 25% higher than in the NPS. Third, it is renewables that 

in 2040 have become the dominant fuel in the global energy mix, at the expense of coal (-50% compared to 

NPS) and oil (-30%), as natural gas grows even in this scenario significantly, but ends up 30% lower. The SDS is 

indeed a scenario with very modest consumption growth, supplied by much cleaner sources.  

 

                                                                    
4 As described in previous publications, the IEA scenarios are generated by an iterative process in which supply ultimately meets demand. If 

there is a supply shortage, prices will go up, pushing up supply and lowering demand, and vice versa. This process converges to a state where 

the energy markets are in equilibrium.     
5 This effect of depletion of a source is well known for fossil fuels where exploiting the marginal (e.g. deeper) parts of a source runs up costs. 

For renewables is comes in play as well when e.g. the most advantageous (e.g. windy) sites for wind turbines will first be exploited, with less 

advantageous parts causing costs to run up.    
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We think the SDS is an important scenario. In the end, it may be a dream scenario. But still, as we have already 

mentioned, the NPS is perhaps a little conservative. It only considers legislated and announced policies. With 

the awareness of climate change impact growing, the SDS may be a scenario the world is moving towards. 

Along the way, there are formidable challenges.   

Firstly, policies are required to achieve the goals. These make use of the price mechanism and outright 

mandatory efficiency standards to reduce consumption, particularly of fossil fuels. CO2 pricing needs to be 

widely introduced, in the industry and power sector, as well as aviation. Minimum energy performance 

standards are introduced in the industry, with accompanying stringent emission limits. The same holds for 

household appliances, heating, cooling and lightning; biomass boilers in residential building are strictly 

controlled. Stringent fuel-economy and emission standards are imposed for passenger vehicles and trucks. 

Maritime transport switches to gas (from coal). Fuels with a high sulfur content are being phased out. 

Furthermore, strong policy support is provided for the use and development of technology for renewables, 

nuclear and carbon storage. Legislating and implementing these policies require a very active approach of 

governments across the globe. Secondly, significant investment is needed. Total investment from 2016 to 

2040 in the SDS scenario stands at USD 69 trillion, against USD 60 trillion in the NPS. Moreover, investments 

need to be redirected towards renewables: in the SDS scenario it is USD 5 trillion higher than in the NPS. This 

comes at the expense of fossil fuels, where investments in the SDS scenario are USD 15 trillion lower. 

Investment in electricity for end-use climbs by USD 13 trillion. Thirdly, all available technologies, even those 

not commercially available at a significant scale, are employed to achieve the targets. Additional spending on 

R&D supports this. This provides the picture of a far more widespread usage, and deeper development, of 

relevant technology than in the NPS. It assumes, for example, that storage bottlenecks to address variability in 

the employment of wind energy is adequately addressed.      
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II The future is about electricity 
 

In this chapter, we provide a global overview of renewables. We will start with trends and then move on to the 

outlook. As discussed in the previous chapter, the outlook is based on the New Policies scenario. This scenario 

is subsequently benchmarked against the more ambitious Sustainable Development scenario.  

When discussing renewable energy in this chapter we follow the IEA approach of assessing the three main 

sectors: electricity, heat and transport. This helps structuring according to the – at least to an economist – 

familiar and simple supply and demand approach, for energy services in this case. Sectoral demand for energy 

from end-users, viz. firm and households, is supplied by all forms of energy: oil, coal, gas, nuclear, as well as, 

increasingly and renewables, the focus of this chapter.  

Box 1 A primer on renewable resources and technologies 

As the IEA (2016) puts it, renewable (energy) resources and technologies are not all equally easy to harness. 

Resources include hydropower, wind, solar, bioenergy (wood, charcoal, palm oil, wheat, straw, animal 

waste, sugarcane and other by-products from agricultural processes), geothermal power (heat from the 

earth) and marine power (ocean waves, tides, salinity and temperature differences). These resources have 

in common that they are abundant and widely distributed. They have different applications though: 

hydropower and wind for electricity generation, bioenergy (in the form of liquid biofuels) for road transport 

and biomass (such as wood), solar and geothermal for electricity and heat. Electricity from renewables is 

used for e.g. powering appliances and motors, space and water heating as well as cooking in buildings and 

transport.  

Renewable resources by sectoral application 

 

 

Some distinctions further help grasp renewable resources and its applications. First, some of the resources, 

such as wind and solar, are variable by nature and thus cannot be always called upon. Others can, such as 

hydropower (except in cases of extreme drought) and bioenergy. Storage comes in to soften the difference 

between variable and non-variable sources, e.g. using batteries to store wind and solar. Second, electricity 

may be supplied on a large scale by utilities through the grid or by smaller, decentralized assets such as 

rooftop solar on homes. Third, renewable energy is used in a direct way for an energy service, such as solar 

for heat, and indirectly for the generation of electricity, which in turn is for generating e.g. heat (via district 

heating) or transport. Fourth, bioenergy is used traditionally or in a modern way. Traditionally, it uses solid 

biomass for cooking or heating, using basic technologies such as a stone fire. Modern use contains 

improved cook stoves with processed biomass such as pellets, liquid biofuels and biogas.  

Solid biomass is the number one source of energy for households, especially in the emerging economies. 

Though it contributes to carbon savings, its use raises concerns. First, it is often employed very inefficiently 

in poorly operated chimneys. That causes local pollution, which is responsible for an estimated annual 3.5 

million premature deaths per annum worldwide. Moreover, e.g. over-intensive use, deforestation, loss of 

diversity as well as air pollution from high temperature burning raises serious sustainability issues. This 

means that solid biomass is a contentious renewable energy source. 

Electricity

Hydropower Wind Solar Geothermal Biomass

Heat Transport

Biofuels

Both heat and electricity 
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2.1 Renewables trends 

2.1.1 Renewables share in electricity sector rapidly increasing 

Excluding the use of solid biomass, the share of renewables in global energy supply was – a still modest - 9% 

in 2016.6 But since 2000, renewables have grown by 4% per annum, twice the growth rate of energy as such. 

We now take a closer look at this, using the renewable energy sectors as a starting point.  

Renewable electricity is already a major source of electricity generation: its current share in global electricity 

supply is significant at 24%, and it continues to increase rapidly. Indeed, as electricity demand grew at a pace 

of 14% over the period 2010-2016, renewable electricity sources grew far more rapidly. The exception was 

hydropower which expanded at roughly the rate of overall electricity demand. Based on a mature technology 

it is already established as the largest renewable electricity source by far and has less space to grow. Wind, 

solar as well as geothermal, marine and bioenergy grew much faster, doubling, quintupling or even sextupling 

over the period of 2010-2016 (figure 2.2). Compared to hydropower though, the level of these renewable 

resources are still very modest. 

Renewable heat and renewable transport are less important contributors in total heat and transport energy 

supply, with shares of 9% and 3% in 2016 respectively. The share of renewable transport is increasing, albeit 

slowly. Total transport demand grew by 1% over the 2010-2016 period, renewables transport by around 3%. 

Growth comes from the use of biofuels; rapid growth of electric transport (cars, buses) originates from 

electricity that may, or may not, be generated by renewables electricity.7 Renewable heat grew strongly, but 

below the strong overall heat energy growth; solar heat grew exponentially. Renewable heat, particularly 

bioenergy, as part of the total renewables, is sizeable and second to only hydro at about 300 Mtoe in 2016.  

 

 

2.1.2 Government support heavily skewed towards solar and wind 

A key factor underlying this picture is government policies, which drives competitiveness of renewables versus 

other energy sources. Support for renewables takes a variety of forms: direct subsidies to investment costs, 

                                                                    
6 Following IEA (2017), solid biomass is excluded from renewables, because its use is neither desirable nor sustainable, as discussed in box 1. 
7 For this reason, electric transport is strictly not a part of renewables. It is not a source for supplying energy demands, such as solar, wind and 

biofuels. We do include them nevertheless in the discussion, following e.g. IEA(2017).      
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feed-in tariffs (FiTs),8 market interventions to adjust system value (such as premium on the market price for 

electricity set by a central authority), support for technological innovation, blending standards for biofuels and 

pricing to account for emission-related externalities of other (fossil) fuels. Current policies are heavily skewed 

towards electricity-based renewables; 155 countries having adopted specific policies for renewables based 

power and less than 100 for heat and transport taken together.  

Since 2010 such direct financial support has grown rapidly. The total value went from about USD 73 billion in 

2010 to almost USD 170 billion in 2016. Growth was concentrated in the electricity sector, and almost all 

support went to solar and (onshore) wind. That support, in turn, is heavily concentrated regionally: Germany, 

United States, China, Japan and Italy provided nearly two-thirds of global support in 2016. For heat, where 

support is rather marginal, especially solar projects receive support; apart from that, not much is happening. In 

renewables transport, subsidies vary with the price of fossil fuels relative to biofuels. Given high relatively 

fossil fuel prices, biofuel support has shown very limited growth, if any, over the 2010-2016 period.      

Policy initiatives in 2016 were in line with this picture, with the emphasis on provisioning of regulations and 

guidelines to implement already legislated policies. In the power sector policy, initiatives continue to shift from 

direct subsidies towards schemes encouraging competition, such as auctions. Solar and wind dominate. Fuel 

blending policies are being updated by many countries as well. The European Union has set no specific target 

after the current 10% renewables target for transport expires in 2020. Still, a cap on conventional biofuels is 

proposed and a target is set for advanced alternative fuels.   

Table 2.1 Selected renewable targets in major countries since mid-2016 

Country Sector  New/revised target in 2016 

Argentina Transport Mandatory blending in bioethanol from 10% to 20% 

Brazil 
  

Electricity 174 GW in 2024; 10% biomass, 5% small hydro, 14% wind, 4% solar 

Transport Mandatory 10% blending in biodiesel by 2019 

China Electricity 380 GW hydro, 201 GW wind, at least 110 GW solar by 2020 

EU 
  

Heat Increase renewable share in heating cooling by 1 percentage point p.a. until 2030 

Transport 6.8% renewable fuels by 2030, 3.8% conventional biofuels 

India Transport Mandatory blending of bioethanol (22.5%) and biodiesel (10%) by 2022 

Indonesia Electricity 5 GW solar by 2020 

United States Transport 136 billion litres of biofuels by 2022 

Sources: IEA (2017) and IEA (2017a) 

These support policies have usnderpinned the fast cost reductions in some power technologies. This in turn 

have triggered expansion, further reducing costs via scale benefits in capital raising, maintenance and 

operations. Solar, wind and electric vehicle transport have particularly benefitted from this process. In leading 

markets, such as the US, especially the EU and China, both utility as well as decentralised (e.g. on rooftops of 

homes) employment of solar saw cost declines in the range of 40-75% since 2010. For wind, between 2008 

and 2015 costs of new installations have fallen by one-third on average. More efficient turbines with are 

rapidly increasing electricity generating capacity and in turn boosting returns. Battery costs for electric 

vehicles have come down by a fourth since 2008, with the benefit was compounded by a fivefold higher 

performance. This spurs competitiveness of renewable energy versus other energy sources.9   

                                                                    
8 Feed-in tariffs allow renewable energy providers, such as homeowners and farmers, a long term fixed price for delivering energy to the grid. 

It provides incentives to drive down costs of renewable technologies.    
9 This in turn supports the energy mix transition discussed in chapter 1. 
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2.1.3 Investments more efficient 

Global investments in renewable energy stood at USD 316 billion in 2016. Compared to 2010 it marked a 

growth of about 18%. Like policies, investments are strongly biased towards the electricity sector. Investment 

in renewables-based power additions was USD 297 billion, larger than investment in fossil fuel-based and 

nuclear plants. This amounts to almost two-thirds of the capacity additions in global electricity supply. Wind 

and solar additions rose another 10%. Still, the investment figure in electricity-based renewables was 3% lower 

than the one for 2015. This decline was due to fewer capacity additions in hydro, amongst others, as well as 

the lower unit costs associated with technological progress. The latter implied that with lower investments, 

more electricity can be generated: compared to 5 years ago 3% lower investments allows for 50% more 

capacity and 35% more output, especially due to developments in solar and wind. Renewable heat investment, 

predominantly in solar, pales in comparison to the renewables-based power investment. At USD 16 billion it 

was even (much) lower than the USD 22 billion in 2015. Much weaker policy support and competition with 

fossil fuels in some regions, together with the market saturation in high-growth markets, is straining growth 

in the heat sector. With respect to the latter, in China, the use of renewables in buildings, especially solar 

thermal, more than doubled in 2010-2016. But it has now slowed due to the expiration of an incentive 

program. Investment in Renewable transport stood at USD 3 billion in 2016, unchanged compared to 2015.  

2.2 Outlook for 2040 shows electricity in charge   
When discussing the outlook, we start, as mentioned, with our benchmark scenario, the New Policies Scenario 

(NPS) in which policies that are already implemented as well as announced are included. That unveils the 

picture of strong to very strong growth of renewables over the forecast period. Still, that growth will not be 

sufficient to meet the targets of the Paris Agreement, related to CO2 emissions and, thus, a temperature rise 

below 1.5% by 2050.  
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2.2.1 Electricity 

Electricity demand grows strongly to 2040, by almost 60% compared to 2016 (to 3416 Mtoe in 2040), as 

electricity is becoming the energy of choice in most end-uses. There are many factors underpinning such 

demand growth: (i) electric vehicle adoption accelerates and heat pump proliferation switches energy demand 

towards electricity; (ii) industrial production and processes evolution requires more electricity; (iii) economic 

development in emerging economies pushes up the number of middle-income households, where heating and 

install cooling is in high demand; and (iv) increasing access for those currently without electricity. In this 

context, industrial motor appliances, space cooling, appliances and IT drive 74% of electricity demand over the 

forecast period. And such demand is increasingly supplied by renewables: the share of renewables in 

electricity generation goes up from 24% to 40%.  

The shift to renewables to accommodate the rising electricity demand is substantially driven by government 

policies and other factors discussed in the previous section. Momentum is being created by policy plans across 

the globe, with China and India particularly addressing air pollution concerns as mentioned chapter 1. The 

notable exception is the United States, where the removal of the Clean Power Plan, and CO2 emission targets, 

has reset the outlook for renewables. This reset takes into account that state-level entities infederal systems, 

cities and municipalities, as well as the private sector have made commitments that are not affecetd by the 

withdrawal. 10   

As mentioned, this global policy momentum is enhanced by cost reductions in renewables relative to fossil 

fuels. For example in 2016 cost of capital of solar PV fell by 20%, wind has improved and there are signs of 

strong cost reductions coming up for off shore wind projects.  

In absolute terms, the largest contribution to renewable electricity growth comes from wind, which more than 

quadruples compared to 2010. Solar PV grows tenfold, but from a lower level. Hydro loses market share but 

still grows by 50% and remains the largest renewable-based power source. Concentrated solar power more 

than doubles, but slows after 2025, with a similar picture for bio-energy for power. Geothermal resources 

accelerate but it remains relatively small. Therefore, renewables-based power is predominantly about wind, 

solar and hydro. Expansion is led by China, which drives capacity growth in all three main resources. India 

comes in second for solar, as the EU contributes strongly to wind growth, and to a lesser extent, solar 

expansion. The US will also contribute prominently to solar expansion.   

As hydro power is a mature technology, the focus is on maximising efficiency and flexibility. Its growth will be 

especially important to satisfying growing electricity demand in emerging economies. China again leads the 

pack as it intends to add over 180 GW of hydropower, alongside solar and wind. In Central and South America, 

hydro power represents the largest share of power capacity additions as the region further exploits its natural 

resources. Hydro plays a prominent role in other regions as well. For Sub-Saharan Africa it is an affordable 

means to expand the electricity supply, in conjunctions with mini-grid and off-grid solar PV systems. In South 

East Asia, hydropower more than doubles meeting domestic and export demand. In the advanced economies 

hydro power expansion is achieved by upgrading and reworking existing facilities.    

                                                                    
10 Nine states, more than 200 cities and counties, 1700 companies and 300 universities have signed the “We are all in” declaration of support 

for the Paris Agreement. There is also the United States Climate Alliance signed by 14 state governors and Puerto Rico that represent 116 

million people. Moreover, state-level action such as the California Cap-and-Trade Program, the Regional Greenhouse Gas Initiative for 

northeastern states. See further IEA (2017), p. 121.      
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This picture of broad-based growth is not for free. It requires significant financial support. Even in 2040, 40% 

of electricity-based power generation requires support. This will peak at USD 210 billion globally in 2030and 

end up at USD 170 billion in 2040, in line with 2016 levels. Cumulatively, 75% of support is for solar PV and 

wind and 20% for bioenergy. Support is to become increasingly widespread. The European Union will remain 

the leading supporter of renewables as China and India, driven by solar PV and wind, step up support to 

amount one-third of total in 2040.  

The form of financial support: support levels that are determined via a competitive process, rather by an 

administrative procedure, such as is the case of direct subsidies or investment credits, will proliferate over the 

forecast period. In 2030 such mechanisms, green certificates, auction based premiums and FiTs will contribute 

more than 40% of wind and solar PV generation. This will improve the return of the policy support, thus 

enhancing technological development, cost reduction and further competitiveness improvements of 

renewables versus fossil fuels.    

2.2.2 Heat 

Growth of heat demand in the NPS is solid, from 4900 Mtoe in 2016 to 5900 Mtoe in 2040 (20%), and largely 

coming from bioenergy heat for buildings and industry. Half of this growth comes from China, the EU and 

India, where policies are in place, or planned to be put in place, for bioenergy in industrial applications. China 

plans to increase industrial and residential bioenergy usage for heat by 2 Mtoe per year until 2020.11 Rooftop 

area dedicated for space and water heating grows quickly as well, especially in the Middle East alongside 

China. Geothermal expansion will remain limited but is still to grow to about 4% of renewable heat worldwide 

in 2040, mostly in China and the United States. As mentioned above, the level of support for renewable heat is 

limited at USD 2 billion. This level does not materially change in the benchmark scenario; most of the support 

is dedicated to R&D and capacity-building programs, supported by premiums, subsidies, soft loans and tax 

incentives as well as feed-in tariffs accompany these.  

2.2.3 Transport   

As the use of electric vehicles rapidly grows, biofuels remain the most important renewables source in 

transport in 2040, at 78 Mtoe. Of the total kilometers driven in 2040, 4% is provided for by biofuels, only 1.4% 

by electric vehicles (using renewable based electricity). The latter figure was 0.3% in 2016.  

Biofuels have grown rapidly but the pace will decline towards 4% per annum (was 12%). This reflects reduction 

in production subsidies in the Europe and China, as well a natural slowdown. Subsidy reduction reflects 

concerns related to sustainability as large food crops are employed in production of conventional biofuels. For 

more advanced biofuels these concerns matter less. For that source technological challenges and cost matter 

more, especially in the United States and the EU. Bioethanol and biodiesel dominate the scene, both double 

their share in gasoline demand for vehicles (to respectively 6% and 3%). The United States remains the largest 

market for biofuels, especially advanced biofuels. Second is Brazil, which has the highest share of biofuels in 

the transport energy demand. That share also grows, from 18% to 24%, driven by bioethanol growth of 85%; 

the government has announced a tax incentive for its bioethanol industry, especially from sugarcane. 

Indonesia and the Philippines also promote biodiesel, it more than doubles in 2040. These countries use 

mandates for blending rates. In China the focus is on electric vehicles, biofuels do not have a similar impact on 

air pollution. Support for biofuels broadly depends on the difference with the fossil price. That will decline 

towards 2040 as biofuel prices lower and fossil prices further recover. This is compensated for by larger 

volumes, leaving the support level broadly unchanged at USD 23 billion in 2040.       

Electric car sales continue to grow in the benchmark scenario and will account for almost 10% of global sales 

in 2040, at which date a fleet of 150 million can be expected. China, Europe and the United States will lead the 

pack. Policy support and costs reductions are not strong enough to compete at par with conventional vehicles 

and only 8% of the global fleet in 2040 is forecast to be electric.  

Investments in renewables in the NPS increase gradually after 2020 over the forecast horizon. The increase is 

constrained as unit cost fall because of technological developments, a trend already sketched earlier. The 

largest share is attracted by renewables power, then renewables in buildings (more than 50% is solar heat) 

and biofuels for transport. Two third of the renewables based power investments is in wind and solar; wind 

                                                                    
11 The use of bioenergy, particularly solid biomass, even when used in modern applications, is not undisputed (see Box 1).  
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peaks in the late 2020s, solar in the late 2030s. Hydro investments account for 25% of total. Renewables 

represent around 40% of cumulative global energy investment in 2040.    

 

2.3 If dreams come true 
In the baseline scenario that we have sketched above, the Paris Agreement targets will not be met. The 

underlying demand growth for energy is simply too strong relative to the impact of the policy interventions 

and related competitiveness improvement of renewables. As discussed in chapter 1, however, there is hope 

now that the NPS scenario is conservative as it captures only current and announced policies. In the given 

environment where climate change is broadly accepted, more policy changes seem very likely. Therefore, we 

have argued that the Sustainable Development Scenario (SDS) may not be a dream, but will actually come 

true. Or, at least, a movement towards such a world becomes visible.  

 

The main pillar in this scenario is the much lower demand growth for electricity supply.12 Demand only grows 

by around 40% as compared to more than 60% in the NPS. This is the result of policies targeting energy 

efficiency, more than compensating for the growth in demand due to universal access, as well as electrification 

of transport and heat. Wind and solar almost double compared to the NPS and become the two largest 

technologies, providing 45% of all electricity, and reflecting the second pillar of the scenario, which is low-

carbon energy provisioning. This is further enhanced by the use of hydropower and other renewables, pushing 

renewable component in electricity provisioning to almost 70% in 2040.  

Policies to enhance the use of e.g. solar thermal and heat pumps provide significant potential to improve the 

use of renewables in heat supply, especially for industrial applications. In the SDS this potential is tapped, 

pushing up the share of renewables in heat supply to 23%, as the growth of heat demand is restrained due to 

efficiency measures as well. Energy demand for space heating and cooling in residential buildings in cold-

climate is on average 30% lower by 2040 (10% in the NPS). In warm-climate countries, additional policies for 

insulation and higher shares of renewables reduce energy intensity, even though in emerging economies 

much more households get full access to electricity. Renewable-based heaters replace fossil fuel boilers much 

faster than in the benchmark scenario. By far the greatest growth in heat demand occurs in India, mostly due 

                                                                    
12 Carbon capture and storage is an important element as well, especially for industry.   
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to the strong growth in non-energy intensive industries. For example heat supply cost are 20% lower 

compared to the NPS.  

The transport sector is transformed. First, the use of biofuels doubles compared to the NPS. In particular for 

trucks, planes and ships where other alternatives are limited. Their use, driven by policy mandates, displaces 

8.1 million barrels of oil equivalent per day by 2040,13 up from 4.2 in the benchmark scenario; it means that 

the share of renewables in transport fuels goes up to 16% as opposed to 6% in the NPS. Most notably, in this 

scenario, there is considerable progress for the use of biofuels in aviation and shipping. Moreover, the number 

of electric vehicles goes to 240 million as compared to 150 million in the benchmark case. That as such helps, 

specifically to reduce air pollution targets and thus public health, the third pillar of the scenario.         

 

  

                                                                    
13 This measurement unit is common in transport should not be confused with Mtoe, which is million tonnes, rather than barrels of oil 

equivalent.   
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III Wind energy 

The use of wind, both onshore and offshore, has increased sharply in the past years, supported by government 

policies and cost reductions. As a result wind has quickly become a mature and cost-competitive technology in 

many countries. Wind is only used for generating electricity. Although it is an infinite clean source of energy, 

making it a perfect source to meet the UN Sustainable Developments Goals, it faces some challenges to meet 

these ambitions. The main challenges are handling its variability by increasing and developing storage 

possibilities and an improving connection to the national electricity grid. 

Table 3.1 SWOT overview of wind energy 

Strengths Weaknesses 
 

• Wind is an infinite source of energy 

• Clean energy there are no emissions 

• Local (household) and utility-scale both 

available and viable 

• Increasingly cost-competitive with other 

sources  

• Complementary to sun  
 

 

• Variable and therefore unreliable power 

generation, a backup source is needed. 

• Limited storage options, 

• Grid limitations, especially for offshore wind 

• Visibility in horizon, sight pollution 

Opportunities Threats 
 

• Improving connection to grid  

• Increasing storage technology and capacity 

• Shift to auction pricing 
 

 

• Short-term variability 

• Costs of subsidies 

3.1 Global developments since 2000 

3.1.1 China has established the largest wind capacity 

In the past years wind capacity has grown at a stunningly rate. In the period 2006-2016 global wind capacity 

increased with 20.2% average per annum. In this period the highest growth numbers took place in South and 

Central America and in Asia with 43% and 31.8% growth per annum respectively. It should be noticed that the 

level of wind capacity is still low in South and Central America, in contrast to Asia where especially China has 

invested in wind capacity for years now. For instance, the largest wind farm in the world is located in China, 

the onshore Gansu Wind farm with a capacity of 6.8 GW. By 2020 its capacity is expected to increase to 20 

GW. European countries have also well-established wind power markets and are more experienced in offshore 

wind farms, especially in Northern Europe. The largest offshore wind farm is the London Array, located off the 

coast of United Kingdom and its capacity is 630 MW producing power for approximately 500,000 households. 

 

 

 

 

 

 

 

 

Table 3.2 World leaders in wind capacity 

Rank Country MW 
Global 
share 

1 China 164060.6 31.9% 

2 US 87543.6 17.0% 

3 Germany 55876.0 10.9% 

4 India 32877.7 6.4% 

5 Spain 23119.7 4.5% 

6 United Kingdom 19836.4 3.9% 

7 France 13559.0 2.6% 

8 Canada 12313.0 2.4% 

9 Brazil 12293.0 2.4% 

10 Italy 9661.9 1.9% 
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China is the by far the world’s largest wind market in terms of capacity. It has a share of 32% in global wind 

capacity, followed by the US (17%) and Germany (10.9%). As said in chapter 2, China is the world’s largest 

producer and consumer of renewable energy technologies. China’s combat against air pollution is driving its 

renewable energy boom. China’s commitment for renewables has been reinforced by the Paris climate 

agreement in which China indicates an increase of wind capacity to 200 GW by 2020. In 2017 total wind 

capacity in China was 164.1 GW. To stimulate investments in wind power the government offers feed-in tariffs 

(FiT). Not only in China policy support leads the use of renewables it is also common use in Europe. Germany, 

one of the most mature wind markets, has also supported the wind market by offering subsidies.  

In 2017 wind capacity increased by 10.7% in comparison with 2016. Large increases, albeit from low levels, 

took place in South Africa (42.2%), Norway (38.7%), Pakistan (34%), Finland (33,9%) and Uruguay (24.1%). In 

total 47.1 GW of wind capacity was added last year, resulting in a total wind capacity of 514.7 GW by 2017. In 

absolute gigawatts China has added the most in 2017: 1.5 GW. The pie below shows the share of the countries 

in the added wind capacity last year.  

 

The increases in some of the above markets (Germany, India and the UK) were related to policy and regulatory 

changes. To take advantage of the expiring support schemes many developers pushed projects forward. 

Governments are gradually moving to cutting subsidies due to the high costs and increasing criticism on the 

high electricity costs for consumers. In other countries costs dropped significantly making wind cost-

competitive with other energy sources, like coal.  

In many countries governments are moving to competitive auctions with long-term purchase agreements 

from government-set tariffs. In early starts, only feed-in tariffs (FiT) were commonly used to support 

investments in renewables energy projects. Governments set an electricity tariff that developers of projects 

could expect to receive over a long period, usually 15 to 20 years. For example in China and Germany it was 

the main policy to stimulate renewables projects. In the US renewable energy has been stimulated by a build-

out via the Production Tax Credit for wind (also for solar). Investors in renewable energy projects receive a 

credit that they can use to offset tax liability elsewhere in their business. To have some kind of reassurance on 

future power prices, fixed selling price for their electricity, a purchasing power agreement (PPA) can be signed 

with a utility, but also with a large corporate buyer of electricity. 

The use of FiT has accelerated the use of renewable energy and more deployment of renewables resulted in 

decreasing costs, enabling policymakers to support even more renewable energy. This resulted in increasing 

competition amongst providers of wind energy leading to a decline in costs, especially in India and Germany. 

Especially since 2016 auctions have increased. Last year there were large capacity auctions in the UK, The 

Netherlands and Germany for offshore wind farms. The lowest tariffs from last years’ auctions came from 

Mexico, where an 857 MW wind farm attracted an average wind bid of USD 18.6 per MWh. Not all auctions are 

successful. An auction in Japan had a low level of interest from bidders due to concerns about connection to 

the grid and the penalties for non-delivery. A new development might be that wholesale market prices will be 

received as revenue. Last year there were a few wind projects with bidding prices at zero.  

3.1.2 Wind as a share of electricity generation remains modest at global level 

Wind power is only used for generating electricity. It is not the largest renewable energy source for generating 

electricity, but it is one of the fastest growing. Looking at the world, hydroelectric is still the largest supplier 

for the electricity sector (15.9%). Wind is second with a share of 4.4% in global electricity generation in 2017.  
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Some countries have a much higher share of wind in their electricity generation. The leader is Denmark with a 

share of approximately 40% of their electric power coming from wind. Other countries with a high share of 

wind in their electricity generation are Spain (17.8%), Germany (16.3%), United Kingdom (14.8%), Netherlands 

(9.1%) and Poland (8.8%). Although China is the world leader in wind capacity, wind has only a share of 4.4% in 

its electricity generation.  

A challenge for using wind to generate electricity is that it can vary significantly in the short term, making it a 

less reliable energy supplier. To guarantee stability on the grid it is mainly backed or in conjunction with other 

energy sources like gas. It is also challenging to fully integrate wind in the electricity generation connection to 

the grid and the grid systems need to be upgraded. Voltage from the wind turbines needs to increase to be 

ready for transmission into the national electricity grid.  

For onshore wind farms it is relatively easier to generate electricity into the grid or it is even possible and easy 

to provide electricity off-grid in more isolated areas. Although in some countries there are grid bottlenecks for 

onshore wind farms. For instance in Germany installing new wind capacity in the northern regions is capped to 

make it possible that first the grid can be expanded (and handle) the increasing use of wind energy. Revealing 

is that the above mentioned large wind farm in China has a large wind capacity, but is highly underutilised. The 

wind farm is located in a mountainous barren province with strong winds and potential, but it is far from the 

major cities in eastern China, making electricity transmission difficult. For offshore wind farms it is more 

difficult and expensive to connect to the grid. A foundation to secure the wind turbines to the sea bed needs to 

be constructed in sometimes unpredictable sea conditions. Then the wind turbines are installed and cables to 

connect groups of wind turbines together are placed to an offshore substation. In the offshore substation the 

electricity voltage needs to be boosted before its send to shore. Cables under sea are connecting the offshore 

and onshore substation. Depending on the distance to the shore and the water depth it becomes more difficult 

and expensive to build a wind farm. Long cables result in voltage drop meaning that power loss occurs the 

further the cable runs. Therefore new technologies are necessary to make the most of the opportunities of 

wind.  

At the early phase of development is the use of floating wind turbines which have the potential to increase the 

sea area available for offshore wind farms. Currently there is just one floating wind farm in operation, in 

Scotland, five turbines with a total capacity of 30 MW, providing power to 20,000 households.   

3.1.3 Cost reductions rapidly increasing attractiveness of wind power  

There have been major cost reductions in wind power over the years. However, the reduction of costs for 

onshore wind was mainly the consequence of increasing the capacity factor than the reduction in unit 

investment costs. Important factors for the determination of the price are the location, the size of a windmill 

and the technology inside the turbine. The best location for wind energy are seas, lakes and bare plains as here 

the wind frequently blows hard. Next to this so-called wind velocity the surface is important. The surface of a 

windmill is defined by the circular path of the blades. Capacity increasing factors which have taken place in the 

past years were new wind turbines which have higher towers and longer blades. Also contributing was 

installing the turbines in higher wind speed areas. Besides, due to improving technology efficiency of the 

turbines have increased and thereby making it possible to install wind turbines in areas with weaker wind 

conditions. A modern windmill will last for 20 years, and it will certainly be in operation for 100,000 hours 

during those two decades.  

Table 3.3 Regional shares of wind in electricity 

generation 

 North America 15.7%  

 Latin America 4.3%  

 Europe 9.8%  

 CIS 0.1%  

 Middle East 0.1%  

 Africa 1.4%  

 Asia-Pacific 3.2%  

 World 4.4%  
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Investment costs for wind projects consists mainly of costs of turbines and foundation, electricity 

infrastructure (connection to the grid) and construction. Costs differ per location and an important factor is the 

distance to the grid (connection). Once the wind park is built there are not many costs left but maintenance. 

Offshore wind is more expensive than onshore wind due to higher costs for construction and maintenance. 

Offshore wind power projects are more capital intensive and have higher maintenance costs as they have the 

risk of rust due to the salty waters. Thereby power from offshore turbines have a longer distance to the 

electricity grid. It is taken by undersea cables to an offshore substation, where the electricity is pooled and 

where its voltage is boosted ready for transmission to shore and onward distribution for use. The largest 

offshore market is in Europe, followed by China where growth is expected to pick up in the coming years.  

The IEA reports that in 2016 the average onshore wind investments costs, including transmission, varied per 

country/region depending on the type of turbine used, local demand-supply dynamics and recent exchange 

rate developments. Average investments costs were between USD 1050 per kilowatt (kW) to just over USD 

2000 kW. Costs are lowest in India and China due to local manufacturers having competitive turbine prices. In 

the US and Germany investments costs are in the range of USD 1650 kW to USD 1800 kW. Highest costs were 

reported in Brazil. The average investment costs are expected to decline in the coming years due to increased 

competition amongst manufacturers to supply large-scale projects in auctions.  

Investment costs for offshore projects are higher and vary significantly depending on the project size, the 

depth of the water, the distance to the shore and onshore connection point. Over the years the size of the 

offshore wind farms have increased sharply. In 2016 the total investment costs were around EUR 3300 to 

EUR 4500 per kW. This was including the onshore and offshore transmission costs. The IEA expects that 

prices will decline by 15% to 20% in the period to 2022 due to the increase in turbines size resulting in fewer 

foundations installed (less installation costs). One of the reasons that offshore wind farms are more attractive 

than onshore wind farms is that offshore wind farms are more efficient. For instance the wind speed is more 

consistent and less turbines are necessary to provide the same amount of electricity as onshore turbines.  

A measurement for the costs of power is the global weighted average levelised cost of electricity (LCOE). It is 

an indicator of the price of electricity required for a project where revenues equal costs. This is including 

making a return on the capital invested equal to the discount rate or the weighted average cost of capital. An 

electricity price above the LCOE would then indicate a higher return. The LCOE of renewable energy varies per 

source, location, capital and operating costs. In 2016 the global weighted average LCOE was estimated at USD 

75 megawatt per hour (MWh) for onshore wind. LCOE, without subsidies, for onshore wind projects range 

from USD 62 per MWh to over USD 147 MWH in 2016. Costs are relatively low in the US due to competitive 

financing and high capacity factors. In Europe the costs will decline due to the introduction of auction schemes 

resulting in more competition. Recently there have been some auctions in emerging markets where the long-

term contract prices were lower than the global average LCOEs. In Morocco, Egypt and Mexico prices were 

below USD 50 per MWh, with the lowest being around USD 30 per MWh. In these markets costs for wind 

generation are lower than new coal generation. It is however uncertain if all costs are included in these prices 

as connection and integration to the grid can be challenging in these markets. Due to the decline in in the 

LCOEs for renewables they are increasingly competitive to new-build fossil fuel alternatives in some countries.  

The LCOEs for offshore wind farms in 2016 were between USD 110 to USD 215 per MWh. The lowest costs 

were in China where the wind farms are located closer to shore. Recent tender results in Denmark, the 

Netherlands, Germany and the UK indicate a declining trend. Costs will continue decreasing due to increasing 

competition, improvements in technology and lower financing costs.  

3.2 Outlook and challenges for wind power 
The declining costs and the Paris climate agreement will support the increase in the worldwide deployment of 

wind turbines. The IEA expects that the average LCOE for onshore wind will decline from USD 75 MWh to USD 

65 per MWh in 2022. The main factor for the declining trend in costs is due to the declining LCOE in China. For 

offshore wind farms the IEA expects that costs will decline to around USD 75 to USD 163 per MWh by 2022 

from USD 110 to USD 215 MWh in 2016. In the Paris climate agreement many countries have adopted 

measures to stimulate renewable energy and set targets. China’s energy transition is a key factor in the move 

to cleaner energy. In the NPS Wind is expected to lead the growth in renewables capacity towards 2040. 

Approximately 37% of global capacity additions will come from wind. The increasing capacity from wind will 
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mainly take place in China (one-third) and the European Union. In the US tax credits for wind (and solar) are 

extended and this will support growth in wind power capacity. By 2040 wind generation capacity will exceed 

180 GW, lower than the solar capacity. In India (and Korea) wind capacity will grow strongly towards 2040. 

Like China also India is committed to scale up renewable energy in their power sector to address concerns 

about air pollution. In the Sustainable Development Scenario wind capacity will increase even more.  

 

In the European Union wind power is the largest source of electricity supply after 2030. In many countries 

wind capacity will mainly be developed onshore, but in the European Union and China offshore wind 

installation will be the largest part. This is due to the readily available expertise, easy access to existing grid 

and the relatively shallow sea water offshore in these regions. Offshore wind capacity will increase, 

particularly in the UK which has the largest offshore wind project pipeline globally. Offshore wind farms are 

also expected in Netherlands, France, Germany and Denmark in the coming years. Offshore wind capacity will 

grow to around 160 GW by 2040. In the SDS scenario offshore wind will grow faster and it will reach 350 GW 

by 2040. This is due to the technical developments in both the fixed and floating wind farms which will boost 

the offshore wind market. Europe remains dominant, but other countries in Asia will follow China.  

Looking at the scale of future electricity demand and the challenge to integrate large volumes of variable 

sources like wind and solar, enormous investments need to take place in electricity systems worldwide, 

especially in China and India. The IEA reports that when the level of variable renewables in the power system 

reach 15% some significant challenges can start to appear. Above this level it is important that the power 

system can respond quickly and efficiently to uncertainty and variability in the supply-demand balance. In the 

NPS scenario most parts of the world approach or exceed the 15% threshold by 2040 and all of them in the 

SDS scenario. In the NPS the European Union will have the largest share of variable renewables in power 

generation (approximately 33%)), followed by India (27%). In the SDS the United States will have the largest 

share of variable renewables in their power generation (42%), followed by India (41%).  

In order to establish the above-mentioned growth it is necessary for market and policy frameworks to evolve. 

A strong grid and an increase in system flexibility to handle the variability of wind is necessary. However, in all 

the above scenarios, storage capacity is essential. Without the possibility to store wind energy the targets in 

the SDS will not be met. Another factor to be explored is demand-side response, to manage consumer energy 

use. By financial incentives or behavioral change consumers could use less energy during peak hours and more 

in off-peak hours.  

The problem with the SDS is that the starting point is that the related UN Sustainable Development Goals are 

met. As it is not based on real or announced policies it is quite ambitious. This is contrary to the NPS which is 

based on announced and introduced policies. Of course there is the possibility that countries withdraw their 

policies, which creates uncertainty even for the feasibility of the NPS targets. But looking at the strong 

commitment to combat climate change in most regions we do think that the NPS targets will be met and the 

world is moving in the direction of the SDS targets. 
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IV Solar energy 

The sun is an infinite source of energy, constrained only by the techonological and financial challenges of 

harvesting it. Solar energy can be harvested both directly and indirectly through the sun’s light and heat and 

can be used for generating electricity or heating and desalinating water. It is one of the fastest growing fuel 

source in the world, accounting for a third of total renewable energy growth over the past 10 years and 

accounting for 21% of total renewable energy generated. 

There are two primary ways to generate solar energy: solar photovoltaics (PV) and concentrated solar power 

(CSP)14. Solar PV systems convert sunrays straight into electricity. PV systems are characterised by solar 

panels that range from small, rooftop systems on a building that may generate a few kilowatts to full utility-

scale systems that can generate hundreds of megawatts. Most PV installations are connected to the grid, but 

they can also stand alone which allows easier electricity for remote communities, especially in developing 

countries. CSP uses mirrors to concentrate sunrays in a large area into a central receiver tower. The heat 

created drives a steam engine which generates power. In 2016, CSP generated 11 TWh of global electricity 

compared to 303 TWh from solar PV. In addition, the two are often treated together in electricity statistics. 

Thus, unless specifically noted, when discussing solar power here, we are addressing both. 

Table 4.1 SWOT overview of solar energy 

Strengths Weaknesses 
 

• The sun is an infinite source of energy 

• No emissions or byproducts of energy 

generation 

• Local (household) and utility-scale both 

available and viable 

• Increasingly cost-competitive with other 

sources  

• Complementary to wind  
 

 

• Variable power generation misaligning with 

power demand. 

• Limited storage options 

 

Opportunities Threats 
 

• Grid innovation allowing more distributed 

generation 

• Increasing storage technology and capacity, 

especially solar thermal storage 

• Shift to auction pricing 
 

 

• Costs of subsidies 

• Integration into existing grid infrastructure 

4.1 Global trends since 2000 

4.1.1 China dominates capacity additions 

The expansion of solar power in the past decade has been remarkable, in line with other renewable energy 

sources. Photovoltaics is now the fastest growing fuel source in the world, driven by rapid cost reductions and 

policy support. From 639 MW in 2000, solar PV capacity grew to about 400,000 MW in 2017, a compound 

annual average growth rate of 46%. From the beginning, Asia-Pacific has been the dominant player in the solar 

PV market, accounting for 60% of global capacity in 2000. Europe is the second largest actor. From 2000 to 

2010, Europe’s PV capacity increased 66% per year on average as Asia’s grew only 31%, with Europe reaching 

78% of global capacity in 2010. However, since the eurozone crisis and China’s increased investments in PV 

since then, Asia-Pacific has regained its global majority share in total capacity: 54.8% versus the 28.5% share 

                                                                    
14 In addition to solar power, heat from solar radiation can also be used to warm water for households (primary) and industries as well as space 

heating. It is also increasingly being used to supply district heating systems and in other industrial-scale applications. In 2015, 1.2 EJ (about 

333 TWh) of heat consumption was through solar thermal, more than 25% larger than the total amount of solar electricity generated (260 TWh, 

BP).  



 Renewable Energy Outlook 2018  19 

 

of Europe. During this time, capacity has also grown even more strongly in North America (compound annual 

growth rate of 53% from 2000 to 2017), more than doubling its global share of PV capacity to 13.6% in 2017 

from 6.2% in 2000. 

 

Annual capacity additions have been increasing every year since 2012. In 2017, 96.8 GW were added globally, 

28% more than in 2016. More than half of the additions (54.7%) came from China, as it aggressively moves to 

address its air pollution problems. Over the past 10 years, China’s solar PV capacity additions have grown on 

average 105% per year, rising from 1.2% of world capacity to 33%. The world’s largest PV power plant is 

currently China’s massive 1.5 GW Tengger Desert Solar Park. India, which has been a relatively small actor in 

the global solar market, has been rapidly expanding capacity under its National Solar Mission announced in 

2010. At that point, India had only 0.04 GW of installed capacity, less than half a percentage point of global 

capacity. Since 2010, capacity quintupled and in January 2018, the initial target of 20 GW capacity was 

reached, four years ahead of the 2022 target. 

 

Nearly all of the growth in solar power is dependent on some form of government support – and this support 

has been most strong in the EU up until recently. Just like wind and other renewable energy sources, feed-in 

tariffs and environmental standards are the key policy levers used to promote solar power15. Generous 

government subsidies for PV, especially in Europe, were what drove its rapid growth to 2010, led by Germany. 

High European demand in the run-up to the eurozone crisis drove high demand for imports of components 

from China where costs were competitively lower. The eurozone crisis however led to a decline in government 

funding for renewables which led to its slower growth rates since 2010 and its large loss of market share. The 

Chinese industry continued to grow strongly despite the reduction in external demand due to very generous 

FiTs. 

Government support has been the primary driver of increased deployment of solar power, driving down costs 

and increasing the impact of support. Increased competition is also rapidly driving down costs. Auctions from 

January 2016 to July 2017 show generation costs between 20% and 50% lower than those in 2014. The latest 

global range of generation cost bids was between USD 29 per MWh and USD 85 per MWh. The global record 

low bid was accepted in the UAE for the Sheikh Maktoum Solar Park Phase 3 project in January 2016: USD 24 

                                                                    
15 Due to the significant overlap in policy tools used to promote wind, please refer to section 3.1.2 for deeper discussion for specific policies. 

Table 3.3 World leaders in solar capacity 

Rank Country MW 
Global 
share 

1 China 131000 32.8% 

2 US 51000 12.8% 

3 Japan 49000 12.3% 

4 Germany 42394 10.6% 

5 Italy 19700 4.9% 

6 India 19047 3.8% 

7 United Kingdom 12758 3.2% 

8 France 8000 2.0% 

9 Australia 7200 1.8% 

10 
Spain 5600 1.4% 

South Korea 5600 1.4% 
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per MWh. This solar park is one of the largest in the world with a planned capcaity of 1 GW by 2020 and 5 GW 

by 2030. 

4.1.2 EU leads in dominance of solar in electricity mix 

Similar trends are observed in the electricity market. In global terms, the 443 TWh of solar energy generated 

only represents a very small 0.74% share of the total energy mix. Solar plays a modestly more major role in 

electricity generation (1.7%), but is well behind hydro (15.9%), wind (4.4%), and even geothermal (2.3%). Of 

course, these numbers are masking some major regional disparities, but solar still does not dominate the 

electricity market of any given country. The world leader is Italy where 8.5% of total electricity is solar, 

followed by Japan and Germany (both 6.1%), and Spain (5.2%). All of these countries are in the top 10 countries 

in absolute solar power generation terms, but are all behind the US (77.9 TWh) and China (108.2 TWh). 

However, solar contributes a smaller amount to the total power mix in both China and the US, in line with the 

global average (1.7% and 1.8% respectively). 

Global solar power generation has grown on average 50% annually for the past 10 years, increasing from 7.9 

TWh of output to 443 TWh. Asia-Pacific is also the most dominant region here, accounting for 49% of total 

solar power generation, followed by Europe (28%), and North America (18.5%). With Europe accounting for 

about 28% of both capacity and generation, North America’s share of generation gains five percentage points 

compared to its global share of capacity, at the expense of Asia-Pacific which loses five percentage points. This 

indicates that energy generation in North America is more efficient as it generates more electricity with less 

capacity as compared to Asia-Pacific. 

 

A key obstacle to solar power contributing a larger share of global electricity is, like wind, its variable nature. 

The amount and intensity of sunlight varies based on time of day, season of the year, and location. This 

reduces the reliability of the power source and requiring other dispatchable energy sources, especially gas, to 

be able to ramp up electricity generation in periods of less sun. Another challenge is the distributed nature of 

solar’s connection to the grid. Compared to traditional power sources like gas and coal, there are many more 

smaller ‘plants’ that supply electricity to the grid. With many more diverse and scattered power generation 

sources, the challenge to adjust generation to meet demand is very difficult. 

4.1.3 Rapid growth driven by cost reductions  

Solar PV has led all renewables in cost reductions. From 2010 to 2015, the cost of solar installations declined 

between 40% and 75% in leading countries. For utility-scale solar projects, the average global capital cost is 

USD 1,700 per kW (most recent figure is 2015), 60% lower than five years before. The capital cost of small-

scale building installations is higher at USD 2,400 per kW due to economies of scale and site-specific 

conditions which require more time and higher costs. 

Capital costs – covering the solar panels themselves, the frames to hold them, wiring, land, and labour cost 

among others – account for the bulk of the cost of solar PV projects. The equipment generally lasts about 25 

to 40 years and the energy generated is free. Falling capital costs of solar PV has been a key driver in lower 

global energy investment, but capacity and output continue to increase strongly. Increasing cost 

competitiveness of solar power is driven by the falling costs of solar panels, or modules. The cost of the 

modules themselves has been rapidly declining, to below USD 0.60 per watt in 2016, with the lowest prices 

Table 4.3 Regional shares of solar in electricity 

generation 

 North America 1.54%  

 Latin America 0.66%  

 Europe 3.18%  

 CIS 0.09%  

 Middle East 0.39%  

 Africa 0.72%  

 Asia-Pacific 1.88%  

 World 1.73%  
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found in India in the price range of USD 0.35 to USD 0.40. The costs of panels depends most significantly on 

Chinese PV manufacturing as well as its domestic demand for new capacity. 

Global utility-scale PV projects have seen their average investment cost decline by about 12% in 2016 to a 

range between USD 1,050 per kW to USD 2,320. The lowest cost projects are found in China, India, and 

Germany. PV modules themselves account for on average 40% to 55% of total investment costs. China and 

India benefit from some of the least expensive other components for solar systems (like wiring, switches, and 

mounts) as well as panels and labour. Investment costs were among the highest in the United States, partly 

due to the commissioning of technologically more advanced projects. The cost of the electricity generated by 

solar PV plants, the LCOE, has been falling in line with the investment costs16. The average LCOE in 2016 was 

in the range of USD 95 per MWh and USD 172 per MWh – more than half the costs in 2012. LCOEs are higher 

than the global average in the US and Japan where investment costs remain high due to high incentive levels.  

4.2 Outlook and challenges for solar power 
The continuation of declining costs, alongside policy support, is fundamental to the projected growth of solar 

power. The IEA forecasts the price of solar panels to decrease by another 25% by 2022 while module 

efficiency continues to increase. This will contribute to a more than 30% decline in global average LCOEs to 

USD 120 per MWh in 2022. The cost outlook is highly dependent on developments in India and China where 

costs are already lower, but adminstrative, regulatory, and financial barriers persist. 

Solar energy is forecast to grow tenfold to 2040. In terms of electricity generation, solar-generated power is 

forecast to grow 985% in the NPS, increasing its share from 1.3% presently to 8.7%. It will remain the third 

largest electricity source, behind hydroelectricity (15.8%) and wind (10.9%). Under the sustainable 

development scenario, solar PV and CSP use would increase even more drastically: more than 1,900%. Solar 

would increase its share of total electricity generated to 17.6% but remain the third largest renewable source 

behind wind and hydro (both 19.3% of total). 

In both scenarios, solar energy will be the fastest growing energy source, aside from marine which is coming 

from such a low starting point that it remains only 0.1% to 0.2% of the total electricity share. Solar power is 

forecast to grow 10.4% annually on average from 2016 to 2040 in NPS and an even more rapid 13.3% in the 

SDS. Within solar power, PV will stay much larger than CSP but lose some share as CSP grows even faster. 

From 97% today, PV-generated electricity is expected to decline slightly to 93% of total solar electricity in the 

NPS or even further to 83% in the SDS. The difference between solar electricity generation in the SDS and the 

NPS would be driven by more aggressive policies and investments in the US, China, and India. 

 

Asia-Pacific will maintain its dominance in the solar market in both our baseline and alternative scenario. From 

its 43% share of solar electricity generation today, the region is expected to regain market share to 63% in 

2040. China will continue to lead growth in both scenarios as India rapidly expands its own solar market under 

its National Solar Mission. The bright outlook for Indian solar power is underpinned by the current construction 

of two mega solar parks with capacity of two or more GW. Under the SDS, Asia-Pacific would only reach 54% 

                                                                    
16 Refer to section 3.1.3 for a primer on LCOE 
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of total solar electricity generation, mostly due to much stronger growth in the US solar industry than under 

the SDS, bringing its own market share up to 15% compared to 11.5% in the NPS.  

Solar energy is expected to continue bridging the gap with other energy sources in terms of costs to 2040, 

making it a more attractive alternative energy source. More than one-third of total renewable electricity 

investment will be in solar power. However, due to higher efficiency and lower unit costs, the absolute amount 

investment in real terms is only expected to recover to current levels in the late 2030s. 

As a sign of the increasing cost competitveness and potential threats for solar going forward, the Chinese 

government announced strict limitations for new solar installations that qualify for FITs. This move was 

largely motivated by the high cost of subsidies for solar. In the medium term this will restrain new capacity 

additions in China, but the aim is to make the industry more efficient and drive more sustainable growth. 

Following policy developments in Europe as well, Chinese authorities are looking to shift from FiTs to reverse 

auctions in which solar developers bid a price for long-term power-purchase agreements (PPAs) for their 

electricity and those who can offer the lowest price win the PPA. The short-term disruption of this policy move 

in China is expected to be largely offset by the associated drop in prices of the solar technology. 

The reliance on policymakers for solar growth should also ease over the forecast period. Thanks to the 

increasing economic viability of solar alongside the move to auctions or competitive tenders for solar power, 

the need for government subsidies will ease. Government support however will remain important, especially 

to encourage development of the grid and demand-side responses to cope with the variability in solar power 

supply. As national grid networks surpass 15% variable renewable-generated electricity over the forecast 

period, a threshold defined by the IEA, the power supply may be destabilised. Without policy here, deployment 

of solar PV and CSP could be halted. Complementary to grid development and possibly in place of demand-

side response, better energy storage would also boost solar’s outlook dramatically. The cost of batteries 

remains prohibitively expensive and the lack of grid infrastructure in most countries for bi-directional energy 

flows limit the for large-scale use of storage. Cost declines here could drastically change the outlook for solar 

power and the energy mix.  
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