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Max von Bismarck

Director and Head of Investors Industries

World Economic Forum 

The World Economic Forum is proud to release this

report as part of our Green Investing project. The Green

Investing project, which was mandated by the Forum’s

Investors community at the World Economic Forum

Annual Meeting in Davos in January 2008, aims to

explore ways in which the world’s leading investors can

most effectively engage in the global effort to address

climate change. 

The investment volumes required to avoid the

catastrophic impact of climate change are substantial and

success will largely depend on the successful

mobilization of both the public and private sectors. This

report highlights viable business opportunities in the

energy sector that could have high abatement potential,

while enabling investors to sustain their long-term

corporate assets and shareholder value. Furthermore, the

report aims to identify policy recommendations that could

potentially enable the efficient deployment of further

necessary private capital.

Over the past year we have witnessed a severe global

financial crisis. As the effects of the financial crisis

continue to unfold, the world faces serious challenges to

both capital markets and the global economy. There is

significant risk of a severe global recession that will affect

many sectors, asset classes and regions in tandem.

It is in this context that the World Economic Forum is

releasing this report. Its launch is timed to coincide with

the World Economic Forum Annual Meeting 2009.

Leaders from industry, government, civil society and other

key sectors will have a unique and timely opportunity to

actively shape the post-crisis world in a holistic and

systematic manner. It is crucial that the environmental

challenges are not left aside when focusing on stabilizing

the global financial system and reviving global economic

growth. Waiting for economic recovery, rather than taking

decisive action now, will make the future climate

challenge far greater. To this end, we hope that this report

will stimulate informed dialogue among stakeholders on

the opportunities that will emerge from a move towards a

resilient and sustained low-carbon economy. 

The Green Investing project is conducted in conjunction

with the Forum’s broader Copenhagen Climate Change

Initiative which will bring together business leaders,

government representatives and world-class experts to

help catalyse a practical, focused public-private dialogue

on climate change to complement the United Nations

negotiation process. 

Anuradha Gurung
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Global Leadership Fellow

World Economic Forum
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Figure 1: Estimated Clean Energy Annual Investment

to 2030, US$ billions
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Note: WEO 2008 covers investment in renewable energy generation and energy efficiency, 

with an assumption that half the additional power investment required under the 550ppm 

and 450ppm scenarios is in renewable energy; McKinsey covers only energy efficiency 

investment; New Energy Finance Global Futures covers investment in renewable energy 

and energy efficiency technologies only.

Source: IEA WEO 2008, McKinsey, New Energy Finance

Figure 2: Total Global New Investment in Clean Energy, 

2004-2008, US$ billions

Note: Figures marked * are based on industry estimates from various sources; all others are 
extrapolated values based on disclosed deals from the New Energy Finance Industry 
Intelligence Database; figures are adjusted to remove double-counting

Source: New Energy Finance
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For the purpose of this paper we will consider only investment in clean energy (defined here as investment in renewable energy and energy efficiency technology, but

excluding nuclear power and large hydro) – although we accept that this forms only a subset of all “Green Investment” opportunities.

the longer the delay in taking decisive action, the higher

the cost of mitigation. The International Energy Agency’s

World Energy Outlook (WEO) 2008 estimates around US$

550 billion needs to be invested in renewable energy and

energy efficiency alone each year between now and 2030

if we are to limit concentrations to 450ppm CO2e, while

New Energy Finance’s Global Futures analysis points to

an average annual investment of US$ 515 billion over an 

extended period (see Figure 1).

The good news is that the process of transition and the

associated surge in investment have already begun.

Investment in clean energy – defined here as investment

in renewable energy and energy efficiency technology, but

excluding nuclear power and large hydro – increased

Investors and policy-makers are facing an historic choice.

At the very time when commentators are branding green

investing as a luxury the world cannot afford, enormous

investment in the world’s energy infrastructure is required

in order to address the twin threats of energy insecurity

and climate change. Waiting for economic recovery,

rather than taking decisive action now, will make the

future challenge far greater. As the cost of clean energy

technologies decreases and policy support is put in

place, the shape of the eventual energy system is

emerging. But the investment demand is substantial.

Despite the recent turmoil, the world’s financial markets

are up to the financing challenge, but they will need

continued action from the world’s policy-makers and

leading corporations.

We are not going to rehearse the science of climate

change in this paper. Suffice to say, the most recent data

show carbon and temperature trajectories tracking the

pessimistic edge of the scenarios considered by the

Intergovernmental Panel on Climate Change (IPCC), the

scientific body set up to advise policy-makers. To have a

chance of limiting the average increase in global

temperatures to 2°C, a level which an increasing number

of experts already considers unsafe, the IPCC believes

that we need to limit the concentration of greenhouse

gases in the atmosphere to the equivalent of 450 parts

per million of carbon dioxide equivalent by volume

(450ppm CO2e) by 2030. This means reducing CO2

emissions by 60% from baseline levels by 2030.

Energy is responsible for more than 60% of the CO2

emitted into the atmosphere each year. If we are to limit

emissions to a level consistent with 450ppm CO2e, what

is required over the coming few decades is nothing less

than a complete restructuring of our energy infrastructure

– the fuels we use, how we generate and distribute

electricity, how we power our transportation, the way we

heat and cool our homes and offices, the way we run our

factories
1

. And we have to achieve this without

jeopardizing the global growth needed to pull the

developing world out of poverty or destroying the

accumulated capital formation that is needed to pay

pensions and healthcare costs in the developed world.

The Scale of Investment Required

The sums involved in a shift to a low-carbon energy

system are daunting and there are varying views

regarding the exact amount of investment necessary. The

Stern Review talks of a cost of 1% of global GDP to limit

greenhouse gases to a concentration of 550ppm CO2e

by 2050, equivalent to around US$ 500 billion a year

currently (global GDP 2007 was US$ 54 trillion), although

1. Executive Summary
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And higher capital costs for many renewable energy

technologies – and no fuel costs – mean that they will

benefit more from reductions in effective interest rates

than natural gas or coal. Indeed, in a world in which

effective interest rates for energy projects drop 300 basis

points, while fuel prices and carbon credit prices each

rise by 20%, onshore wind becomes cheaper than

natural gas, and geothermal and waste-to-energy not

only beat natural gas, but are even cheaper than coal-

based power.

Nuclear power is also set for a renaissance in many

countries around the world. Nuclear’s share of total

electricity production has remained steady at around 16%

since the 1980s. Its contribution is clearly set to grow

over the medium to long term, although it will always be

limited by issues of cost, storage, safety and public

resistance. We do not consider it in detail in this paper.

Key Enablers of a Shift to Clean Energy

The shift to a low-carbon energy system cannot be

achieved simply through the addition of new sources of

renewable energy. It will also be necessary to make

wholesale changes in the way energy is distributed,

stored and consumed. Again, the outlines of these

changes, and the investment opportunities implied, can

already be seen. We focus here on four areas:

1. Energy Efficiency. It has been frequently said that the

cheapest source of energy is the energy never used.

There are enormous opportunities for improving the

efficiency of the world’s energy infrastructure, both on

the supply side and the demand side – and many of

them could even produce returns above the cost of

capital of major businesses. In a recent report, the

McKinsey Global Institute estimated that there are US$

170 billion of energy efficient investment opportunities

that would produce an IRR of 17% or more.

2.Smart Grid. The world’s electricity grids were

designed to distribute power cheaply and reliably from

large, centralized, predictable power stations. The grid

of the future will have to cope with decentralized,

fluctuating supply. It will also be expected to deliver a

far more sophisticated range of services to help with

demand-side energy management. Only a new and

fully digitally-enabled grid architecture will be able to

meet these needs, and the investment requirement is

estimated by New Energy Finance at US$ 8.6 trillion

(including US$ 6.8 trillion to repair and replace the

existing transmission and distribution network). 

3.Energy Storage. The need for energy storage is

increasing – whether to power hybrid electric vehicles,

to smooth out fluctuations in supply and demand, or to

extend appliance functionality. The cost of storing

1MWh of electricity ranges from US$ 50 to US$ 180,

from US$ 33 billion to US$ 148 billion between 2004 and

2007 (see Figure 2), and now accounts for around 10%

of global energy infrastructure spend. In electricity

generation, the rapid expansion of sustainable energy has

been even more striking, with 42GW of power generation

capacity added in 2007, just under a quarter of the total

190GW of power generation capacity added worldwide. 

Eight Emerging Large-Scale Clean Energy Sectors

The four-year surge in investment activity in clean energy

has spanned all sectors, all geographies and all asset

classes. What has begun to emerge as a result is the

overall shape of the new lower-carbon energy

infrastructure. No one can describe with certainty what

the world’s energy system will look like in 2050. A

substantial proportion of our energy will undoubtedly still

be supplied by fossil fuels, but we can now be fairly

certain that a future low-carbon energy system will

include a meaningful contribution from the following eight

renewable energy sources:

1. Onshore Wind 

2. Offshore Wind

3. Solar Photovoltaic (PV)

4. Solar Thermal Electricity Generation (STEG)

5. Municipal Solid Waste-to-Energy (MSW)

6. Sugar-based Ethanol 

7. Cellulosic and Next Generation Biofuels

8. Geothermal Power  

Although these energy technologies – which constitute

only a subset of the full range of opportunities – may not

yet be fully cost competitive with fossil fuels, the

economics of experience curves and oil and gas

depletion are working powerfully to level the playing field.

Renewable energy technologies are becoming cheaper

as they reach scale and operating experience. This trend

has been obscured recently by surging commodity prices

and supply chain bottlenecks, but with new industrial

capacity coming on-line we are about to see prices drop

as they come back in line with costs now that we are

moving into a buyer's market. Solar PV electricity costs

may become comparable with daytime retail electricity

prices in many sunny parts of the world in the next 12 to

36 months, even without subsidies. Wind is already cost

competitive with natural gas-fired electricity generation in

certain locations without subsidies.

Renewable energy is not generally subject to risks

associated with fuel input costs. Increasing fuel prices by

20% increases the costs of generation by 16% for gas

and 6% for coal while leaving renewable energy

technologies practically untouched. The volatility of fuel

prices alone should act to encourage utilities to build

some proportion of renewable energy into their portfolios.
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Impact of the Current Financial Crisis

The road to a sustainable energy future is not without its

speed bumps. Although total investment volume in 2008

declined only marginally over 2007, it was supported by a

very strong first half. By the final quarter of the year, the

volume of clean energy investment had dropped by over

half from its peak at the end of 2007. Public market

funding for clean energy businesses has decreased

significantly, with valuations down by nearly 70% during

the course of 2008. Venture capital and private equity

investment held up reasonably well, but asset-based

finance slowed markedly as the credit crunch ate into the

availability of debt finance and the tax credits that have

been driving the US wind boom.

The short-term challenge for the world’s policy-makers is

to maintain the extraordinary momentum of the clean

energy industry in these difficult times. To do so, they must

use all the tools at their disposal. An enormous monetary

stimulus has already been applied through the drop in

global interest rates.

On top of the monetary stimuli, policy-makers around the

world are designing fiscal stimulus packages. As they do

so, it is vital that every dollar should be made to

multitask: it should support short term consumption and

jobs, as well as building the long-term productive

capacity of the economy, and at the same time moving

us forward towards key long-term goals such as a

sustainable energy system. Developing renewable energy

technologies, rolling out a fully digital grid, properly

insulating homes and offices, and educating a new

generation of engineers, technicians and scientists should

all be part of any fiscal stimulus programme.

The Need for Smart Policy

Even after the current crisis subsides, there will be a need

for smart policy to support the shift to a clean energy

infrastructure. The industry needs a well-designed set of

support mechanisms – one that is tailored to each

geography, and to the technological maturity of each

sector. Sectors nearing maturity and competitiveness with

fossil fuels need rate support as they close the gap;

technologies that work in the lab but are too risky to

scale up need support and finance to bridge the “Valley

of Death”; sectors with longer-term technological promise

need research funds. 

Once policy-makers make incentives for clean energy a

key element of their response to the current financial

crisis, there will still be a need for further action. An entire

ecosystem of supporting technology and service

providers will be fundamental to the growth of a healthy

clean energy sector – and this is inextricably linked to the

depending on the technology used. As power storage

prices come down, it can increasingly be used to

smooth the supply of power or to bridge the gap

between peak and night-time electricity rates.

Improved power storage is also required by ever more

advanced mobile appliances and ubiquitous

communications.

4.Carbon Capture and Sequestration. No discussion

of the future energy infrastructure can be complete

 without considering Carbon Capture and Storage

(CCS). Although there are no installations at scale yet,

there are almost 200 projects at varying degrees of

completion around the globe. With so many countries

– including China and the US – overwhelmingly

dependent on coal for their electricity, CCS needs to

form part of the solution if we are to restrict CO2e

concentrations to 450ppm.

The Role of the Carbon Markets

Although it may sometimes not seem to be the case,

we are moving inexorably towards a world in which

every major economy puts a price on greenhouse gas

emissions. Currently the most liquid markets are the

European Union Greenhouse Gas Emission Trading

Scheme (EU-ETS) and the global Kyoto compliance

markets. Others are following in their footsteps in

Australia, Japan, the US’s Regional Greenhouse Gas

Initiative (RGGI), California and the Western Climate

Alliance. Then there is the voluntary market, rapidly

taking shape and increasing in volume. These may soon

be joined by a US Federal carbon market and a

strengthened global scheme may emerge from the

negotiations in Copenhagen in 2009.

What we are seeing is the emergence of a system of

interlinked policy-led financial markets, similar to currency

markets. A single price for carbon everywhere in the

world is probably not achievable, but neither is it

necessary. As each of these carbon markets grows in

liquidity, its rules firm up and become well-understood,

and it is linked to other markets via project-based and

other mechanisms, arbitrage will reveal a global carbon

price range – and it will be one that drives significant

behavioural change. 

Carbon prices alone, however, will not be high enough

– at least for the next few decades – to prompt a

large-scale roll-out of renewable energy, nor will they

be sufficient to promote carbon capture and

sequestration. Prices will be set for many years to

come by cheaper sources of credit – energy efficiency

and project-based mechanisms in the developing

world. So a carbon price is an essential driver towards

a lower carbon economy, but additional policy

interventions will still be required.
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ability of entrepreneurs and companies to create new

businesses. One of the reasons that Europe consistently

lags venture investment in clean energy in the US by a

factor of five to seven is that the conditions for venture

investment in Europe are less well-developed.

Governments should also create markets for clean energy

through public procurement. With central, regional and

local government accounting for 35-45% of economic

activity in all of the world’s largest economies, public

sector purchasing can be a powerful force. Clean energy

use should be mandated in public procurement, which

would create guaranteed markets for leading innovators

in transport, heat and electricity.

Finally, policy-makers should enforce energy efficiency

standards. Utilities and energy-intensive industries will

respond to carbon prices and other price signals, but

many individuals and businesses will simply not do so. As

a result, there will always be a role for regulation to

mandate certain changes in behaviour, such as appliance

efficiency and standby power limits, corporate average

fuel economy (CAFE) standards and building codes. They

must also address the asymmetry between energy

providers, who want their customers to use as much

energy as possible, and consumers, who on the whole

would prefer to use less.

But whichever policies are adopted, the overarching

requirement is for policy stability – the impact of policy

uncertainty on cost of capital must be better understood

– and simplicity, so that the industry is not burdened

with unnecessary bureaucratic costs. Poorly-designed,

overlapping, intermittent, contradictory or overly-generous

policies do more harm than good. Similarly investors

need to understand the scale and nature of the

investment opportunity presented by the world’s one-time

shift to low-carbon energy. 

Conclusion

The need to shift to a low-carbon economy is stronger

than ever. Clean energy technologies are becoming

increasingly cost-competitive with fossil-based energy. A

carbon price will eventually level the playing field, but in

the meantime clean energy solutions require support from

policy-makers.

Policy-makers need to build frameworks which enable

corporations and investors to make good returns by

squeezing carbon out of the world’s economy. And

investors need to understand the scale and nature of the

investment opportunity presented by the world’s one-time

shift to low-carbon energy.

2009 is a critical year to bring these players together and

start the transition toward a clean world energy

infrastructure. The official UN negotiations will work on

developing the overall framework for a follow on to the

Kyoto Protocol by December of 2009. To complement

and support this process, a platform should be created

that connects policy makers (of the major economies in

particular) with major investors and global energy

corporations. A discussion, involving all these key players,

can then take place during 2009 on how best to design

the enablers identified in this report, in order to make the

transition happen: a coalition of public-private expertise

that designs the clean energy motor to drive the new

framework forward. 
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2. Scale of the Challenge

A transformation in the world's energy infrastructure is

required between now and 2030. The most recent data

show CO2 emissions and temperature trajectories

tracking the pessimistic edge of the scenarios considered

by the IPCC. To have a chance of limiting the average

increase in global temperatures to 2°C, a level which an

increasing number of experts already considers unsafe,

we have to limit the concentration of greenhouse gases in

the atmosphere to the equivalent of 450 parts per million

of carbon dioxide by volume (450ppm CO2e) – compared

to 385ppm currently and 280ppm before the industrial

revolution. Energy – principally electricity generation and

transport fuels – accounts for more than 60% of the CO2

emitted into the atmosphere each year. If we are to avoid

the worst effects of climate change, therefore, we need to

shift within the space of a few decades to a low-carbon

energy infrastructure. 

The scale of investment required has been estimated by

various different institutions, including the Stern Review,

the International Energy Agency (IEA), the US’s Energy

Information Administration (EIA), McKinsey Global Institute

and New Energy Finance. Their estimates of required

investment vary considerably, not least because they use

different definitions of the solution space, but all agree on

one thing: that the sums involved are very substantial –

trillions of dollars between now and 2030. In the long

term, of course, the cost of doing nothing is even higher;

the Stern Review estimated that inaction – adapting

passively to climate change rather than acting now to

mitigate it – will cost at least US$ 2.5 trillion, and will

expose it to risks which are hard to quantify.

In 2005, the baseline year for most forecasts, energy-

related CO2 emissions accounted for 27,000 mega

tonnes (Mt). By 2030, the IEA’s latest baseline

“Reference” scenario has emissions of 40,000Mt – an

increase of just under 50%. This increase is not

inevitable, however, particularly if action is taken quickly.

The IEA has also published a “450ppm” scenario, in

which CO2 emissions are just 25,700Mt in 2030, a

decrease of 5% from the 2005 figure (see Figure 3).

Estimates bold enough to look forward to 2050 are even

more divergent. In its Energy Technology Perspectives

scenarios – which include potential impacts of new

technologies, the IEA has looked at a “Blue” scenario – in

which just 14,000Mt are emitted by 2050 (half of 2005

CO2 levels), compared with 62,000Mt in the Reference

scenario. 

These CO2 emission reductions will be achieved by a

combination of renewable energy and nuclear power, with

energy efficiency playing a major role at all stages of the

supply chain. Carbon capture and storage (CCS)

contributes to almost every mitigation scenario.

Importantly, however, all the scenarios other than the

business-as-usual Reference scenario, envisage a far

higher proportion of renewable energy in the energy mix

by 2030. Renewable energy accounts for as much as

46% of electricity generation in the more carbon-

The International Energy Agency’s World Energy Outlook

(WEO) 2008, published in November 2008, contains the

most recent set of CO2 forecasts. It is also a baseline used

by many companies and institutions.

The key messages are as follows:

• The Reference scenario (equivalent to the status quo: no

new policies supporting renewable energy) is compared

to two scenarios: 550ppm and 450ppm CO2e levels in

the atmosphere. 450ppm is widely considered to be the

maximum CO2 concentration level required to avoid the

worst effects of global warming by restricting

temperature rises to 2°C. Both follow similar paths to an

emissions plateau in 2020, after which the 450ppm

assumes stronger and broader policy action.

• 77% of the emissions reductions (relative to the

Reference scenario) will come from renewable energy

and energy efficiency, with the balance from nuclear

power and Carbon Capture and Sequestration (not

considered a viable alternative in 2007).

• Energy demand in OECD countries under the Reference

scenario will grow more slowly than predicted in 2007

(but faster for non-OECD countries) because of lower

expected GDP growth combined with higher oil prices

suppressing demand in developed countries.

• Renewable energy plays a larger role than in previous

editions of the WEO, especially wind and solar power.

Forecast renewable energy production in 2030, and

consequently investments, was revised upwards from

2007 even in the base case Reference scenario.

• The 450ppm scenario depends on increasing spending

on R&D now in order to develop the necessary advanced

technologies

• Higher oil prices in the long-run (2030 estimate up from

US$ 62/barrel in 2007 to US$ 122 in real 2008 terms),

on the basis that lack of investment in existing fields will

constrain supply and lead to a long-run rising oil price.

This is positive for renewable energy, as it lowers the

point at which renewable energy becomes competitive

with conventional energy. 

Figure 3. International Energy Agency World

Energy Outlook 2008 – Highlights

Source: IEA WEO 2008
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Figure 4:  Annual Investment Required to 2030, US$ billions
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Note: WEO 2008 covers investment in renewable energy generation and energy efficiency, 

with a New Energy Finance assumption that half the additional power investment required 

under the 550ppm and 450ppm scenarios is in renewable energy; McKinsey covers only 

energy efficiency investment; New Energy Finance Global Futures covers investment in 

renewable energy and energy efficiency technologies only.

Source: IEA WEO 2008, McKinsey, New Energy Finance

Even higher investment is needed to reduce emissions

further. To reach emissions consistent with 550ppm

CO2e, additional investment of US$ 1.2 trillion is needed

in generating capacity, and US$ 3 trillion in energy

efficiency, nearly half of it in transport. To limit greenhouse

gases to 450ppm CO2e an additional US$ 3.6 trillion of

generating capacity and significantly higher energy

efficiency investment (US$ 5.7 trillion) is required from

2020 onwards.

The role of energy efficiency in reducing energy demand

cannot be underestimated. A recent McKinsey Global

Institute report – How the World Should Invest in Energy

Efficiency – estimates that energy efficiency alone could

halve the projected growth in energy demand, delivering

half the CO2 emission cuts necessary for a 450ppm

CO2e outcome by 2030. This would involve exploiting

US$ 170 billion of investment opportunities in energy

efficiency that would produce an IRR of 17% or more.

Not only does this compare favourably to the most

obvious comparator, the IEA’s 450ppm scenario, which

requires additional annual investment in energy efficiency

of US$ 238 billion, but the investment would only need to

be made between 2009 and 2020, a mere 12 years, half

the time horizon of most other forecasts, including those

from the IEA. 

constrained scenarios, compared to 18% currently, and

up to 23% of total primary energy demand (which

includes transportation, heating etc). It is now widely

accepted that renewable energy will provide a

considerable contribution to the future energy mix. The

questions now relate to the proportion of mainstream

energy demand which will be met by renewable sources

and, vitally, how much will the transition cost

(see Figure 4). 

The IEA’s baseline Reference scenario sees cumulative

energy investment of US$ 26.3 trillion between now and

2030. This includes cumulative renewable energy

investment of US$ 5.5 trillion, of which US$ 3.3 trillion is

for electricity generation – equivalent to US$ 229 billion a

year for renewable energy, 60% of it for electricity

generation. But this will result in an energy system which

still contributes to 40,000Mt of global CO2 emissions by

2030. 
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Figure 5. Clean Energy Investment Types and Flows, 2008, US$ billions

Source: New Energy Finance
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New Energy Finance tracks deals across the financing continuum, from R&D funding and venture capital for technology and early-stage 

companies through to public market financing for projects and mature companies. Figures are adjusted to remove double counting. Investment 

categories used in this report are defined as follows:

Venture capital and private equity: all money invested by venture capital and private equity funds in the equity of companies developing 

renewable energy technology. Similar investment in companies setting up generating capacity through Special Purpose Vehicles is counted in 

the asset financing figure. 

Public markets: all money invested in the equity of publicly quoted companies developing renewable energy technology and clean power 

generation. Investment in companies setting up generating capacity is included in the asset financing figure. 

Asset financing: all money invested in renewable energy generation projects, whether from internal company balance sheets, from debt 

finance, or from equity finance. Excludes refinancings and short term construction loans.

Mergers and acquisitions: the value of existing equity purchased by new corporate buyers in companies developing renewable technology or 

operating renewable energy projects.

Annual investment in renewable energy generation

capacity is expected to top US$ 100 billion in 2008 –

according to New Energy Finance’s figures – and was

growing at nearly 50% per year until the global financial

crisis bit in the second half of the year. Prior to the crisis,

New Energy Finance forecast investment in clean energy

(including new energy efficiency technologies) would

reach US$ 450 billion annually by 2012, rising to more

than US$ 600 billion from 2020 (and probably even

higher), indicating that the capital markets – at least

before the credit crunch – were certainly capable of

meeting the International Energy Agency’s figures of US$

380-540 billion required each year between 2008 and

2030.

The process of transition to a clean energy infrastructure

has already begun, with a surge in investment from US$

33 billion in 2004 to around US$ 150 billion in 2008.

Investment in clean energy – defined here as investment

in renewable energy and energy efficiency technology, but

excluding nuclear power and large hydro – increased

from US$ 33 billion to US$ 148 billion between 2004 and

2007 (see Figure 2), and now accounts for around 10%

of global energy infrastructure spend. In electricity

generation, the rapid expansion of sustainable energy

has been even more striking, with 42GW of power

generation capacity added in 2007, just under a quarter

of the total 190GW of power generation capacity added

worldwide.

3. Current Volume of Investment
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Figure 6. Clean Energy Investment by Asset Class, 
2004-2008e, US$ billions

Note: Totals are extrapolated values based on disclosed deals from the New Energy 

Finance Industry Intelligence Database. They exclude R&D and Small Projects.

Source: New Energy Finance
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Note: Totals are extrapolated values based on disclosed deals from the New Energy 

Finance Industry Intelligence Database. They exclude R&D and Small Projects. Other 

Renewalbes includes geothermal and mini-hydro; Low Carbon Technologies includes 

energy efficiency, fuel cells, power storage.

Source: New Energy Finance
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Figure 8. Clean Energy Investment by Geography,
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Note: Totals are extrapolated values based on disclosed deals from the New Energy 

Finance Industry Intelligence Database. They do not include R&D or Small Projects, which is 

why the total in this chart is lower than the headline total new investment shown in other 

charts. ASOC = Asia Oceania region; EMEA = Europe Middle East Africa region; AMER = 

Americas region.

Source: New Energy Finance

The four-year surge from 2004-2007 in investment

activity spanned all sectors, all geographies and all asset

classes, and as a result the clean energy financing

spectrum is well-developed, from very early stage

investment in emerging technologies, right through to

large established companies raising money on the public

markets.  

In 2008, new investment in clean energy is estimated to

have reached US$ 142 billion worldwide (see Figure 5),

down slightly from US$ 148 billion in 2007, but up nearly

fivefold from US$ 33.4 billion in 2004. While the global

financial crisis has slowed this growth, money is still

flowing into clean energy. While the 2008 total is down

only slightly from 2007, a strong start may disguise a

much weaker second half o   f the year. 

Of the 2008 investment, approximately 80%, or US$ 104

billion, was provided by third-party investors, such as

Venture Capitalists, Private Equity providers, Asset

Managers, Banks etc., to companies developing new

technologies, manufacturing production equipment, and

building new generation capacity across a range of clean

energy sectors (see Figure 6). Most investment is in asset

finance – building new renewable energy power

generation projects and biofuels processing capacity –

which is estimated at US$ 81 billion in 2008. Billions of

dollars have been flowing in via the world’s public

markets, with US$ 23.4 billion raised in 2007, but only

US$ 9.5 billion in 2008, as a consequence of the global

financial crisis. 

Wind is the most mature clean energy technology and

accounted for more than a third of capacity investment

(see Figure 7) – more than either nuclear or hydroelectric

power. A total of 21GW of new wind capacity was added

worldwide in 2007 – amounting to half of all new

renewable energy capacity and over 11% of all new

power generation capacity. In March 2008 the industry

passed the milestone of 100GW installed capacity (for

comparison, the United Kingdom has approximately

80GW of installed power generation capacity from all

sources). An estimated 25GW of new capacity was

added in 2008.  

Solar energy is the fastest-growing sector. The

development of large-scale solar projects propelled the

sector into the limelight in 2007, when it attracted US$

17.7 billion in project financing, nearly a quarter of all new

investment – up 250% on the previous year. Solar is also

the leading sector for venture capital investment, as

investors back such emerging technologies as thin film

(which uses less silicon and other non-silicon materials)

and Solar Thermal Electricity Generation (STEG), whereby
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Figure 9. Clean Energy and Climate Change Funds
by Region, 2008

Note: Data as of October 2008; Data refers to total assets managed

Source: New Energy Finance

meant wind, mostly in Denmark, Germany and Spain.

Since then renewable capacity rollout has shifted away

from Europe and towards China and the US. Developing

(non-OECD) countries attracted 23% (US$ 26 billion) of

asset financing in 2007, compared to just 13% (US$ 1.8

billion) in 2004, although the bulk of this went to the fast-

growing economies of China, India and Brazil. India and

China in particular are determined to become clean

energy powerhouses. By 2007, investment in clean

generation capacity in China – excluding large hydro

projects such as the Three Gorges dam – had soared to

US$ 10.8 billion.

Finally, the past few years have seen another trend of

significance in the financing of clean energy – the

provision of investment vehicles for those not able or

willing to make their own direct investments. In 2004,

there were only 10 quoted equity funds targeting the

sector, almost all of them run by specialist companies

such as Triodos, Sustainable Asset Management and

Impax. By the end of 2007, the lay investor had the

option of more than 30 funds, several managed by high-

street names such as Deutsche Bank, ABN Amro, HSBC

or Barclays. By October 2008 these funds had over US$

42 billion in assets under management (see Figure 9). A

number of Exchange Traded Funds had also been

launched, including the Powershares Global Clean Energy

Fund, which tracks the WilderHill New Energy Global

Innovation Index (NEX) and soon grew to have over US$

200m in assets under management.

the heat of the sun is concentrated with mirrors to

produce steam and drive a conventional turbine. Total

solar investment in 2008 is estimated at US$ 26 billion, a

10% increase on 2007.

The past few years have seen an explosion of interest in

clean energy by venture investors, attracted by the size of

the markets that will be created. New Energy Finance has

identified over 1,500 separate venture and private equity

groups, all searching for the clean energy equivalent of

Cisco, Dell, Amazon or Google. Indeed, Google itself is

one of the searchers, with a strong commitment to clean

energy.

It remains to be seen how many of these venture players

will retain their interest after the energy price crashes.

Having said that, venture and private equity investment in

the sector has continued throughout the financial crisis,

with an estimated US$ 14 billion of new investment

(excluding buyouts) in 2008. As well as the solar sector,

investors have been looking for winners among the next

generation of technologies, from cellulosic and algae-

based biofuels – which bypass the conflict between food

and fuel – through to energy storage and digital energy

management. Companies working on energy efficiency

have been attracting record investment, especially from

earlier-stage investors. The period 2003 to 2005 saw a

flurry of venture activity in the hydrogen and fuel cell

sector.

Investment in clean energy has not only increased over

the past few years, but has also diversified geographically

(see Figure 8). As recently as five years ago, clean energy



18 | Green Investing



19 | Green Investing

 

Figure 10. Performance of NEX vs Major Indices, 2003 to 2008

Source: New Energy Finance, Bloomberg
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Figure 11. Correlation of NEX to Indices and Oil, 2003 to 2008

Source: New Energy Finance
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Note: Correlation measures how close the relationship between the NEX and other indices is. 

The higher the correlation, the closer the relationship. Negative correlation indicates a contrary 

relationship (when one goes up, the other goes down).

Correlation at 2 December 2008. Nymex Oil refers to oil futures; Amex Oil is an oil company 

index

Figure 12. NEX vs. AMEX Oil, NASDAQ and S&P 500, 
Sep 2005 – Sep 2008

Source: New Energy Finance

Note: Returns are over 3 years, annualized so they represent the compound annual return. 

Volatility is averaged over the same 3 year period.

Over the past few years, prior to the recent turmoil in the

global financial markets, investors made good returns

from clean energy investments at all stages of the value

chain. While the exceptional gains of the past few years

may have declined during 2008, the sector as a whole

has fared better than any major benchmark over the past

five years. 

4.1 Public Markets

The WilderHill New Energy Global Innovation Index (ticker

symbol NEX) tracks the performance of around 90

leading clean energy companies, spanning different

sectors, geographies and business models. 

Over the period from the beginning of 2003 to the end of

2007, the NEX rose from its index value of 100 to a peak

of 549.08, a compound annual growth rate of over 40%.

2007 was a particularly high-octane year, logging an

increase of 57.9%, and the index defied gravity for the

first three quarters of 2008, before succumbing to the

credit crisis and ending the year at 178 (see Figure 10). 

Back-testing suggests a fairly close correlation existed

between the NEX and NASDAQ between 2000 and

2003, when many renewable energy stocks were seen as

technology plays. However, this changed as clean energy

came into its own as an investment sector against a

background of higher energy prices, environmental and

geopolitical concerns. Now the NEX correlates most

closely with the oil price (see Figure 11). As the oil price

has fallen in recent months, so has the NEX, although

December 2008 saw further falls in oil prices along with a

recovery in the NEX.

Indeed, although historically clean energy stocks have

been more volatile than those from other sectors, their

returns have been consistently higher, making them an

attractive investment proposition on a risk-adjusted basis

despite their recent history (see Figure 12). Even after its

tumultuous 2008, the NEX remained up 75% on six years

ago – an annual return of 9.8%, unmatched by any of the

major stock market indices.

4.2 Venture Capital and Private Equity

On the venture capital and private equity side, some

spectacular returns were achieved during the period

2004 to 2007. 

For private equity players, one of the most successful

strategies during this period was to identify clean energy

companies which had been struggling to commercialize

their products or services during the period of low energy

prices, but which were now experiencing soaring

demand. Allianz Private Equity and Apax Partners shared

4. Investment Performance
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volume for the first three quarters of the year since 1977.

Meanwhile for those venture capital and private equity

investors who have raised their funds but kept their

powder dry, this looks like a good point in a notoriously

cyclical asset class to be making investments.

4.3 Asset Finance

The bulk of new investment in the clean energy sector

(approximately 80%) is in asset finance – to fund the

building of wind farms, geothermal power plants, biofuels

refineries and the like. A large number of different

financing structures have been used: fairly standard

project finance structures may account for the bulk of

deals, but utilities have funded much new capacity on

their balance sheets. In the US, tax equity tends to take

the place of debt; lease finance, export finance and

multilateral agencies such as development banks also

play a major role.

Typical project equity returns range from the very low –

perhaps where investors are driven by regulatory or

charitable requirements – to extremely attractive. Early

wind projects in Italy, for instance, were able to generate

equity returns of 20-30% because of high electricity and

Green Certificate prices, allied with good wind resources.

However, returns were later pushed down as there were

fewer sites to choose from. Indeed this trend has been

replicated in all major wind markets, with later projects

often located in lower wind speed areas, providing their

investors with lower returns. This has encouraged

investors to seek new markets to hit target returns,

including Latin America (especially Chile) and Eastern

Europe (particularly Poland, Romania and most recently

Bulgaria). It has also meant that utilities, whose target

rate of return is lower than that of private equity investors,

have become the leading proponents of greenfield wind

farms.

Equity investors in clean energy assets are typically

divided between three camps: the developer who

identifies the clean energy resource and puts the project

together; equity sponsors who help to fund the project

through the construction phase but aim to sell the

completed asset; and those primarily investing in

operating assets, who wish to avoid development risks,

specializing instead in the management of existing assets.

Naturally there is cross-over between these classes of

investor, where developers have sufficient capital to do

without equity sponsors and retain their portfolio of

developed wind-farms, but as capital has become more

constrained this is becoming the exception, rather than

the norm.

the private equity deal of the year in 2006. They bought

Hansen Transmissions, a leading provider of gearboxes

for wind turbines for € 132m, and 22 months later they

were able to sell it for € 465m to India’s Suzlon Energy,

then the world’s most valuable turbine manufacturer,

recording an IRR of 101% on their investment. Other very

successful deals of this nature included an investment

made by Goldman Sachs in Zilkha Renewables (later

renamed Horizon Wind Energy), which they were

subsequently able to sell to Energias de Portugal at a

substantially increased value.

Meanwhile in venture capital, investors in clean

technologies in Europe and the US were on track to

achieve excellent returns on their investments up to mid-

2008, according to the third annual European Clean

Energy Venture Returns Analysis (ECEVRA), completed

by New Energy Finance in collaboration with the

European Energy Venture Fair. 

The study, which is based on confidential returns by

investors at the end of H1 2008, covered 302 clean

technology portfolio companies, representing € 1.77

billion of venture capital invested in clean technology

since 1997. Of these, 26 have so far resulted in public

listing and 32 have been exited or partially exited via

trade sale. The success rate to date has been reasonably

high with a pooled gross IRR (at the portfolio company

level, not the fund level) of over 60%, based on the

limited number of exits and with only 23 companies being

liquidated or written off at the time of the study,. These

exceptional returns, were driven by the outstanding

success of a small number of early investments in the

solar sector – Q-Cells and REC in particular. Without

these, the pooled return was closer to 14%. As of mid-

2008 there had been relatively few down-rounds

(subsequent venture rounds at reduced valuations), but it

is a very young sample with relatively few exits to date. 

Of course these returns relate to an extraordinary period

in history – combining a period of extreme interest in all

things green with historically cheap access to debt. There

is no doubt that the next few years will be much harder

for venture and private equity investors in clean energy.

Any downturn in venture capital will not, however, be

confined to the clean energy sector. According to

quarterly analysis by Thomson Reuters and the National

Venture Capital Association (NVCA) of nearly 2,000 US

investors, venture capital performance dropped sharply in

the second quarter of 2008, although venture capital

returns still exceeded public market indices (S&P and

NASDAQ). Venture exits in general have also fallen

sharply. The first three quarters of 2008 saw only six IPOs

of venture-backed companies, representing the lowest
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The very rapid recent pace of growth in the wind industry

(25% compound annual growth in installation activity) has

afforded plentiful opportunities for financial investors.

Equity sponsors of projects under development are

exposed to significant development, financing, turbine

supply, and interest rate risks. They have, however,

succeeded in achieving strong returns. Good projects by

strong developers are able to sustain higher effective

interest rates and lower leverage, and so have remained

financeable throughout 2008. 

Yields from existing wind projects vary depending on

local tariffs and/or tax incentives, the wind regime,

maintenance costs, and financing structure. Ultimately

returns to investors purchasing operating wind assets will

depend on the entry price. With a significant number of

portfolios being put on the market by distressed sellers,

and the promise of cheaper debt in coming years, 2009

looks like it may be a good year for bargain-hunters.

Meanwhile in the solar sector, the cost of electricity from

photovoltaic cells is due to plummet in 2009. The second

issue of the quarterly New Energy Finance Solar Silicon

and Wafer Price Index, which was published in December

2008, forecasts average silicon contract prices falling by

over 30% during 2009. With thin-film PV module

manufacturing costs approaching the US$ 1/Watt mark,

crystalline silicon-based PV will come under severe

competition for larger projects, resulting in margins

shrinking throughout the silicon value chain, and

substantially lower prices for consumer. 

New Energy Finance analysis, based on the historic cost

experience curve, suggests that current silicon-based

solar module prices of US$ 4/Watt could drop to US$

2.60/Watt by the end of 2009, a reduction of 35%, before

leading manufacturers started making losses on marginal

sales. For a ground-mounted plant in a region with good

insolation, and based on a 6% real cost of capital, this

could translate into an unsubsidized generation cost of

US$ 0.17/kWh for crystalline silicon – competitive with

daytime peak retail electricity prices in many parts of the

world, but not yet with wholesale prices. 

According to the UN, over 2 billion people lack access to

modern fuels and 1.6 billion lack access to electricity.

Renewable energy can play a major role in addressing

energy poverty, but the traditional finance sector is ill-

equipped to finance their deployment.

A wide range of renewable energy technologies offer

promise in providing energy services to the poor in the

developing world – including micro-digesters to produce

gas for cooking and heating, solar water heaters and

cookers, advanced biomass combustion, and of course

distributed electricity generation from photovoltaic and other

sources. Indeed, where no grid or fuel distribution

infrastructure has yet been built, these solutions will often

be cheaper than traditional fossil-based sources of energy.

However, their provision will require the investment of

hundreds of billions of dollars over the coming decades.

Traditionally, governments, development agencies and

multilateral lenders such as the World Bank, Asian

Development Bank, and the EBRD have provided finance

focusing on large-scale projects. Effectively remedying

energy poverty will require a very large number of small

projects, requiring microfinance approaches that are

beyond the capabilities of most mainstream investors. In

addition, local entrepreneurs often need substantial support

in developing technologies and business models to deliver

solutions.

A number of organizations are working on innovative ways

of using microfinance to provide clean energy in developing

countries. An in-depth discussion of these financial

pioneers is beyond the scope of this report, but they

include the following:

• Acumen Fund www.acumenfund.org 

• D-Light Design www.dlightdesign.com

• E+Co www.eandco.net

• GEXSI www.gexsi.org

• Global Village Energy Partnership www.gvep.org 

• Grameen Shakti Bank www.gshakti.org

• Green Microfinance www.greenmicrofinance.org

• Solar Electric Light Fund www.self.org 

A survey of a further selection of providers has been

undertaken by the SEEP Network and can be found here:

http://www.seepnetwork.org 

Figure 13. Investment and Energy Poverty

Source: IEA WEO 2008
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5. Impact of the Global Financial Crisis

The global financial crisis of 2008, and the recession that

is following in its wake, represents a serious threat to the

clean energy sector. Short-term energy and carbon

prices have fallen, making clean energy less competitive

in immediate financial terms. At the same time risk has

been re-priced, and finance is much harder to come by.

The crisis may, however, also represent something of

opportunity: as policy-makers take decisive action to

refuel their economies, they are at least talking about

ensuring the resulting fiscal and monetary stimuli benefit

the clean energy sector. Beyond that, it remains to be

seen whether the crisis will shake policy-makers’

determination to shift to low-carbon energy and force

embattled voters to take painful action to limit

greenhouse gas emissions.

Clean energy investment held up well during the early

phase of the credit crunch, as did the valuations of

publicly-quoted clean energy companies, only to be very

hard hit during the closing months of 2008. 

The NEX index defied gravity for the first three quarters of

2008, trading mainly in the 350 to 450 range. The final

quarter of 2008, however, saw the index collapse,

touching a low of 135.15 in late November, a level not

seen since September 2003 – before the ratification of

the Kyoto Protocol, before Hurricane Katrina and

President Bush’s statement that the US was “addicted”

to oil, before the publication of the Stern Review, before

the premiere of the Inconvenient Truth. 

Since that low, however, the NEX index has bounced

back, ending the year at a slightly more respectable 178

– perhaps in recognition that the sector’s sell-off had

been overdone, perhaps as opportunistic investors began

to pick up bargains, and perhaps on hope that the

election of President Obama would create a floor through

which the sector would not fall (see Figure 14).

There are three reasons why the sector was hit so hard.

First, with energy prices collapsing by 70%, the sector

was bound to suffer – these are, after all energy stocks.

Second, investors were getting rid of stocks with any sort

of technology or execution risk, in favour of longer-

established businesses. Third, in an era of sharply

constrained credit, investors penalized companies with

high capital requirements – even the more established,

asset-based clean energy companies, which bear no

technology risk, being high-growth are capital-hungry. 

The collapse in valuations of clean energy companies

effectively shut the door to further fund-raising in the

public markets. New financings – IPOs, secondary

offerings and convertible issues – dropped by 60%

Figure 14. Performance of NEX vs Major Indices, 2008

Source: New Energy Finance, Bloomberg

Note: Index Values as of 31 December 2008; AMEX Oil, NASDAQ and S&P 500 rebased to 

455.19 on 31 Dec 2007

Table 1. Global Clean Energy Investment, 2007-2008: US$ billion

Asset Class 2007 2008e           Change

Venture Capital/Private Equity US$ 9.8 billion US$ 14.2 billion 45%

Public Markets US$ 23.4 billion US$ 9.4 billion -60% (minus)

Asset Finance US$ 84.5 billion US$ 80.6 billion -5% (minus)

Total US$ 117.7 billion US$ 104.2 billion �11%

Source: New Energy Finance

Note: 2008 estimates are New Energy Finance preview figures, published in October 2008
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energy investors is that supporting the sector is seen by

the leaders of many of the world’s major economies as

consistent with achieving this goal. As they address the

urgent problems and then the longer-term structural

weaknesses of their economies, the clean energy sector

stands to benefit as follows: 

1.Monetary stimulus. An enormous monetary stimulus

has already been applied in every major economy of

the world – central bank rates have dropped to levels

not seen for half a century. At the time of writing, this

wall of cheap debt has not yet worked its way through

the system, as banks steward their capital in fear of the

levels of defaults which will emerge as the recession

bites. However, at some point a flood of cheap money

will begin to flow, and when it does, clean energy

infrastructure – safe projects with reliable yields – will

be among the first to benefit. Renewable energy

projects generally have higher up-front costs but lower

between 2007 and 2008 to US$ 9.4 billion (see Table 1),

mainly because of turbulent market conditions and lower

valuations. 2007’s total was boosted by Iberenova’s US$

6.6 billion IPO, the fourth largest in the world in any

sector.

Venture capital and private equity to a certain extent

stepped in where the public markets stepped out during

2008. New investment – i.e. excluding buyouts – is

estimated to have reached US$ 14.2 billion in 2008, 45%

higher than a year earlier. Venture capitalists, those that

have already raised funds and now need to put them to

work, have continued to invest, particularly in the solar

and digital power sectors. In the wake of decreased

leverage, there is evidence that some private equity

players have preferred to invest expansion capital with

modest leverage rather than return money to their limited

partners. Meanwhile, anecdote suggests that valuations

have come down, though not quite to the extent of public

market valuations, making this a good time to invest for

those that have funds available.

The most serious impact of the credit crunch has been

felt in asset finance. New build investment volumes fell

steadily throughout 2008, from a peak of US$ 26.7 billion

in Q4 2007. They are forecast to total US$ 80.6 billion in

2008, a fall of only 5% on the year before, but the true

scale of the drop in investment is masked by investment

in the first half which was much higher than in the same

period in 2007. By the final quarter of the year,

investment volume was down over 30% on the peak. Not

only has it become harder for clean energy project

developers to access capital, but borrowing costs have

risen sharply. Even though underlying central bank

interest rates have fallen around the world, interbank

lending rates have risen and project debt spreads have

widened: in the European wind industry, for example,

borrowing margins have more than doubled from 80

basis points over Euribor in the second half of 2007 to

170 basis points in 2008 (see Figure 15). 

Even during the darkest weeks of October and

November 2008, investment deals continued to close,

including a rights issue by Brazilian bioethanol leader

Cosan, which raised US$ 412m, and Chinese wind

turbine manufacturer Dongfang Electric Corporation,

which raised US$ 195m in a secondary offering. In

addition, over 80 VC and PE deals were completed in Q4

2008.

A repeat of the collapse in investment in clean energy

which followed in the wake of previous spikes in energy

prices in the 1970s and 1980s, therefore, does not look

likely. For one thing, there is a web of policy in place

around the world which supports a mandated level of

activity far in excess of previous levels. Secondly, no

serious commentator expects oil prices to revert to the

US$ 25 per barrel median price (in 2008 money) which

prevailed throughout the 1990s. Growing demand for oil

– much of it fuelled by the rising middle classes in China

and India – is demanding the exploitation of ever more

expensive sources of supply – deeper offshore fields,

shale oils and tar sands – driving up the cost of marginal

production. 

There is no question that the short-term priority for the

world’s policy-makers is to do whatever is necessary to

prevent the effects of the financial crisis turning from a

recession to a depression. The good news for clean

Figure 15. Debt spread chart for 200MW European area 

wind farm, 2007-2008

Source: New Energy Finance, Bloomberg

Note: Data as of 13 December 2008
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or no fuel costs, making them more than averagely

sensitive to periods of higher interest rates or credit risk

aversion – and more than averagely responsive as

interest rates fall.

2.Fiscal stimulus. Around the world debate is raging,

not about whether fiscal stimulus is needed, but how

much and what sort. Policy-makers are trying to

ensure that any fiscal stimulus multitasks by supporting

short term consumption and jobs and building the

long-term productive capacity of the economy, as well

as moving us along in achieving our long-term goal of

a sustainable energy system. The development of

clean energy technologies, rolling out a fully digital grid,

properly insulating homes and offices, and educating a

new generation of engineers, technicians and scientists

meet all of these criteria and could be part of many

fiscal stimulus programmes.

3.Deficit reduction. Policy-makers are likely to look for

sources of tax which are not only substantial, but at the

same time encourage the move towards a low-carbon

economy. And that means the likely dismantling of any

fiscal support for fossil fuels – fuel subsidies, research

grants, exploration concession waivers, investment tax

holidays, accelerated depreciation, export guarantees

and soft loans. Then we could see increasing energy

taxes, a dramatic reduction of fuel subsidies in the

developing world, and either a carbon taxes or cap-

and-trade schemes with auctioning of permits.

The position of US president-elect Barack Obama is of

particular interest in this context. During his campaign, he

stated that “there is no better potential driver that

pervades all aspects of our economy than a new energy

economy ... that’s going to be my No. 1 priority when I

get into office.” As well as supporting the extension to the

Production Tax Credits and Investment Tax Credits, so

instrumental in the development of the US wind and solar

sectors, he has indicated his support for a federal

Renewable Portfolio Standard (the minimum proportion of

renewable power in the electricity mix) of 25% by 2020.

He has also committed to spending US$ 150 billion on

clean energy over the next 10 years. 

Since his election, President-Elect Obama has galvanized

the world’s carbon negotiators by restating his

commitment to provide leadership on the issue of

greenhouse gas emissions. By the time this report

appears, President Obama’s inauguration will have taken

place, and he may have outlined both the nature of the

fiscal stimulus that will be applied to the US economy in

2009, and his policy towards clean energy.

In summary, while the global financial crisis has certainly

brought the clean energy sector down to earth with a

bump, the fundamental drivers – climate change, energy

security, fossil fuel prices and scarcity – remain strong.

With continued government support through the current

financial crisis, the sector will likely see a return to its long

term growth trend in the near future.
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6. Eight Key Renewable Energy Sectors

No-one can predict with any certainty what the energy

mix will look like in 2030, let alone 2050. Fossil fuel

generation will undoubtedly still be a substantial part of

the equation. However, it is clear that any future low-

carbon energy infrastructure will have to include a

significant proportion of energy generated from renewable

sources – most scenarios showing the proportion of

primary energy having to reach 40-50% by 2050. Some

of the leading technology contenders are emerging and,

in some cases have begun to build significant experience.

In this section, we highlight eight renewable energy

technologies which look particularly promising in terms of

two factors: abatement potential and current state of

competitiveness. In the next section we will look at some

of the other technologies – principally around the

digital/smart grid, energy efficiency, power storage and

carbon capture and sequestration – which will be

required if low carbon energy is to fulfil its full potential

within the future energy mix.

1.Onshore Wind. The most mature of the renewable

energy sectors, the onshore wind industry saw 21GW

built in 2007, bringing installed capacity to over

100GW. In Germany, Spain and Denmark wind power

now supplies 3%, 11% and 19% respectively of total

electricity production during the course of the year, and

in Denmark up to 43% of the country’s electricity

demand at times of peak wind supply. Electricity from

onshore wind can be generated at prices of 9-13

c/kWh, making it only 32% more expensive than

natural gas CCGT, even in the absence of a carbon

price.

2.Offshore Wind. When the best sites for onshore wind

have been snapped up, the next place to look for large

quantities of renewable energy is offshore. Offshore

wind offers enormous potential, with stronger more

predictable winds and almost unlimited space for

turbines. Planning permission can be easier to obtain

than onshore, farms can be built at scales impossible

on land, and the availability of space is almost unlimited

if deep waters are mastered. At present, the cost of

electricity from offshore wind is high – around 16-21

c/kWh – but this will come down rapidly as more

project experience is gained.

3.Solar Photovoltaic Power. Photovoltaic (PV)

technology has made very rapid strides in the past four

years, in terms of reducing the cost of crystalline silicon

(its main component) and commercializing thin film

technology, with investment volume growing to US$ 50

billion in 2007-2008. Although there has been a

bottleneck in the production of solar-grade silicon, new

capacity is coming on line and costs are set to drop

rapidly from US$ 4/W to US$ 2.60/W by the end of

2009, making unsubsidized solar PV generation costs

comparable with daytime peak retail electricity prices in

many sunny parts of the world. 

4.Solar Thermal Electricity Generation. While PV is

ideal for smaller projects and integrated into buildings,

the technology of choice for big solar plants in the

world’s deserts looks set to be Solar Thermal Electricity

Generation (STEG): concentrating the heat of the sun

to generate steam, which can be used in conventional

and highly efficient turbines. There are relatively few

projects up and running yet, but with costs already in

the 24-30 c/kWh range, this technology is shaping up

to be a part of the solution in the sunniest parts of the

world.

5.Municipal Solid Waste-to-Energy (MSW). The use of

municipal solid waste to generate energy is increasing,

led by the EU countries. Waste has traditionally been

deposited in landfill sites, a practice which is becoming

increasingly expensive and constrained by shortage of

sites. Landfill also creates methane, a powerful

greenhouse gas. Waste that cannot be recycled,

however, can be used to generate electricity by a

variety of technologies at costs starting at 3 to 10

c/kWh. Government support for the development of

MSW plants is increasing, for example through the

Private Finance Initiative (PFI) in the United Kingdom.

The US MSW sector is also seeing a resurgence, with

specialist operators planning to build several new

plants.

6.Sugar-based Ethanol. The period 2004-2006 saw US

investment in biofuels soar, with investors pouring US$

9.2 billion into the sector. But most of this flowed into

corn-based ethanol, which is more expensive to

produce than sugar-based ethanol, subject to volatile

prices and controversial because its feedstock is a

food staple around the world. By contrast, Brazilian

sugar cane-based ethanol is competitive with oil at

US$ 40 per barrel; it grows well in many southern

hemisphere countries (and far from the Amazon); and

there is no shortage of land to increase production

substantially without jeopardizing food production.

7.Cellulosic and Next Generation Biofuels. The

argument over food vs fuel is an emotive one. In most

regions, there is sufficient land to increase biofuels

production from the current 1% of transport fuel to 3%

or even 5% without impacting on food availability (as

long as we can quickly return to increasing annual

agricultural productivity). But after that the only way to
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increase production of biofuels will be to source

feedstock that does not compete with food. Luckily,

the cost of producing biofuels from agricultural waste

through cellulosic conversion and algae is coming

down rapidly, and the future fuel system is likely to

include a proportion of fuels from these sources. Future

technologies could include artificial photosynthesis and

synthetic genomics.

8.Geothermal. Geothermal power is particularly

attractive as a renewable energy source because it can

be used as predictable base-load power in a way that

wind and solar power cannot be. Until now, geothermal

power has been used only in limited regions, but a raft

of new approaches has helped make it economically

viable across a wider area. In addition, all countries can

exploit geothermal resources for ground source heat

pumps or district heating, if not for large-scale

electricity generation.

Figure 16. Clean Energy and Traditional Technologies – Range
of Levelized Costs of Energy, December 2008, US$/MWh

Source: New Energy Finance

Note: Levelized Cost of Energy (LCOE) allows different energy generation technologies to be
compared, taking into account their cost of production and generation efficiency. Figures
indicate the required range of generation price for each clean energy technology to be
competitive. Levelized costs exclude any subsidies. LCOE analysis assumes an internal
hurdle/return rate of 10%, which is used to derive generation costs. Base case assumptions:
interest rate = 2.5%; Fuel price (2009): Coal = US$ 115.29/tonne, Natural Gas = US$
11.49/MMBtu; Carbon price (2009) = US$ 28.11/tonne.

Base case Interest rate Fuel prices Carbon Potential cost in low interest, high

power generation -300 bp +20% prices fuel and carbon cost scenario

cost (US$/MWh) (% change) (% change) +20% this excludes any impact of scale

and (comparative (% change) or experience curve!

ranking) (US$/MWh) and (revised

comparative ranking)

Coal Fired 40.6 (1) -7.1% +6% +45% 58.1 (4)

Natural Gas CCGT 82.0 (5) -1.3% +16% +14% 104.8 (6)

Geothermal – Flash Plant 44.3 (2) -4.6% - - 42.3 (1)

Geothermal – Binary Plant 58.0 (3) -5.1% - - 55.0 (3)

Wind – Onshore 108.2 (6) -10.4% - - 88.8 (5)

Wind – Offshore 181.8 (7) -5.5% - - 171.8 (7)

Biomass – Municipal Solid Waste 67.5 (4) -12.1% - - 54.8 (2)

Solar Thermal – Trough 270.9 (8) -7.7% - - 249.9 (8)

Solar PV – Crystalline 445.7 (9) -8.1% - - 409.5 (9)

Table 2. Sensitivity of Power Costs to Changes in Inputs

Source: New Energy Finance

Note: Levelized Cost of Energy (LCOE) allows different energy generation technologies to be compared, taking into account
their cost of production and generation efficiency. Levelized costs exclude subsidies. LCOE analysis assumes an internal
hurdle/return rate of 10%, which is used to derive generation costs. LCOE analysis assumes an internal hurdle/return rate of
10%, which is used to derive generation costs. Base case assumptions: interest rate = 2.5%; Fuel price (2009): Coal = US$
115.29/tonne; Natural Gas = US$ 11.49/MMBtu; Carbon price (2009) = US$ 28.11/tonne
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Further details of each of these leading sectors is

included in Appendix I, and summarized in Table 3. The

relative scale, technology gaps, potential bottlenecks and

policy requirements for each sector are outlined.

It is important to emphasize that these are by no means

the only clean energy sectors of promise. There are many

other emerging technologies – a wide range of biomass-

based power generation approaches, wave and tidal

power, ground source heat pumps, ocean thermal and

osmotic power – each of which has substantial potential

and its fervent admirers.

Nuclear power is also set for a renaissance in many

countries around the world. Nuclear energy’s share of total

electricity production has remained steady at around 16%

since the 1980s, when 218 reactors were built around the

world. However, nuclear power will clearly be part of any

future energy system, although its contribution will be

limited by issues of cost, storage, safety and public

resistance. We do not consider it in detail in this paper.

Although the eight key technologies highlighted here are

not yet fully cost competitive on a levelized basis, i.e.

without subsidies (see Figure 16), the economics of

experience curves and fossil fuel depletion are working

powerfully to level the playing field. Renewable energy is

becoming cheaper as technologies increase in scale and

operating experience. This trend has been obscured

recently by surging commodity prices and supply chain

bottlenecks, but with new industrial capacity coming on-

line we are about to see falls in the cost of clean energy. 

It should be noted that any comparison of levelized costs

of different energy sources is a minefield: 

• What cost should one use for each energy source?

There is no single point number which can be used:

costs vary by the nature of the resource, the distance

to the source of demand, the age and efficiency of

the local infrastructure. 

• What is the levelized cost of competing technologies?

Fossil-based energy has undoubtedly benefited from

substantial public investment globally in the past, but

in pure economic terms that should be treated as a

sunk cost; any subsidies to the fossil fuel sector,

however, must be taken into account. But what about

the enormous contribution to national treasuries

generated through fossil fuel taxes? 

• What assumptions should be made about future

prices of fossil fuels? And interest rates? Renewable

energy, with most of its costs up-front, may win in a

high-fuel-cost, low-interest-rate scenario, but not

otherwise (see Table 2. ). It is worth pondering in this

context the impact of the current extreme monetary

stimulus, coupled with the drop in oil and gas

investment we are seeing around the world.

• How should one measure and attribute the

“externality costs” of fossil-based energy? Burning

fossil fuels has negative impact on public health and

the environment – principally in terms of climate

change – which are not borne by the energy sector.

Over time, these externalities look set to be

increasingly priced in to investment decisions, as

shown by the abandonment of plans for scores of

new coal-fired power stations in the US (e.g. the TXU

transaction). We will look at the question of the role of

carbon markets in spurring a shift to clean energy in

Section 8. 

As discussed above, the exact levelized cost of energy is

contingent on an array of macroeconomic variables that

can be difficult to forecast. Inputs such as prevailing

interest rates, fuel prices and the market price of carbon

can have large impacts on the final cost calculus. Table 2

shows a few examples of sensitivity analysis for these key

variables. Electricity generation from renewable energy

very often has little to no variable cost, instead front-

loading the vast bulk of the lifetime cost in the upfront

capital expenditures (capex). As opposed to natural gas

generation, where the bulk of the lifetime cost is

embedded in the variable fuel costs, capex-heavy

generation is very dependent on the price of financing. In

our low interest scenario, with a 300 basis point net drop

in interest rates, solar PV and onshore wind fall by 8.1%

and 10.4% respectively, while natural gas falls by only

1.3%. Capital costs for coal-fired plants have risen

substantially over the last few years, making it also quite

responsive to interest rate fluctuations. The fuel price and

carbon price analysis show that natural gas has a

significant advantage in a high carbon environment due

to its relatively low emissions while coal cost rises

precipitously by 45%.

The low interest, high carbon, and high fuel price scenario

shows the plausibility of onshore wind, geothermal and

biomass becoming competitive with fossil fuels

unsubsidized and without significant cost reductions. In

fact in many markets renewable energy is already

becoming economically viable. While our global baseline

average for natural gas sits at US$ 82/MWh, the high

volatility of gas prices has lead many market operators to

calculate a risk-adjusted cost of US$ 100-110/MWh,

bringing onshore wind into the fray. In particularly sunny

climates, solar PV and solar thermal correlate very well

with demand peaks and already find themselves close to

parity with peak power prices. While our best case

scenario still leaves many forms of renewable energy

generation with a sizeable gap to competing with fossil

fuels, their rapid descent down the experience may push

them into the energy mix faster than most expected.
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abating a unit of energy is around 35% lower than in

developed countries (because here, energy savings are

more marginal and therefore expensive). But in

developing countries, investment is harder to come by

and there is a sense of “It’s our turn now”, which can

make them particularly resistant to pressure from

countries that have already enjoyed their industrial

revolutions.

In terms of sector, most energy efficiency opportunities lie

in the industrial sector (49%), followed by residential

(23%), transport (15%) and commercial (13%). Many of

these efficiencies could be realized quite easily and cost-

effectively. For example, much of the potential for

industrial energy efficiency is in emerging markets, such

as China, where the cost of realizing them is on average

33% lower than in the US, and as much as 50% less in

some other countries. Buildings can be even made

energy positive, meaning they produce more energy than

they consume by using integrate solar PV (roof, facade,

window), chromic glass, heat-exchangers/pumps, smart

devices, and smarter architectural building designs. In the

residential sector, nearly 80% of the investment would be

directed at just one area – installing more efficient heating

and cooling systems in existing and new homes.

However, it should also be noted that the experience

from countries such as Denmark and Japan has shown

that exploiting energy efficiency opportunities requires

sustained public policy support over an extended period.

One particular barrier to achieving step change

improvements in energy efficiency world is the nature of

utility regulation in the developed world: as long as utilities

are able to earn more – even after any penalties or fines –

for selling more gas or electricity – they will have little real

incentive to help their clients reduce energy demand. So

you have the paradoxical situation whereby utilities, with

the lowest cost of capital of any companies, raise money

to build power stations to meet additional demand from

clients who can easily make energy savings with

extremely short payback periods. This is a problem that

can, and must, be solved by a combination of changes

to utility regulatory frameworks, combined with a

revitalization of the Energy Service Company (ESCO)

model, whereby third parties (including utilities) underwrite

the capital cost of energy-saving improvements, and

share in the resulting cash savings.

7.2 Smart Grid

As well as using what energy we generate more

efficiently, we need to streamline power generated from a

far more diverse range of sources than currently – and

this will require substantial investment in electricity

The shift to a low-carbon energy system will not be

achieved simply through the addition of new sources of

clean energy. It will also be necessary to make wholesale

changes in the way energy is distributed, stored and

consumed.

The cheapest and easiest way to reduce CO2 emissions

– particularly in the short term – will be through improving

energy efficiency. Renewable energy, while plentiful and

increasingly cheap, generally has the twin disadvantages

of being intermittent, and not co-located with the source

of demand. Investment will be required in power storage

and in energy distribution systems, principally the grid.

Finally, given the abundance and security of coal

supplies, it is essential that we unlock the potential of

carbon capture and sequestration (CCS) technology.

7.1 Energy Efficiency

Energy efficiency can make a significant contribution

towards closing the gap between energy demand and

supply. It has frequently been said that the cheapest

source of energy is the energy never used. There are

enormous opportunities for improving the efficiency of the

world’s energy infrastructure, both on the supply and on

the demand side – and many of them could even

produce returns above the cost of capital of any major

business. 

A McKinsey Global Institute report published in July 2008

– How the World Should Invest in Energy Efficiency –

argues that targeting cost-effective opportunities in

energy productivity could halve the growth in energy

demand and cut emissions of greenhouse gases, while

generating attractive returns for investors. Boosting

energy efficiency will help stretch energy resources and

slow down the increase in carbon emissions. It will also

create opportunities for businesses and consumers to

invest US$ 170 billion a year from now until 2020, at an

attractive 17% average internal rate of return.

However, there are several barriers blocking investment in

and adoption of energy efficiency technologies. Market

and policy barriers include a general lack of consumer

education, fuel subsidies that encourage (or at best fail to

discourage) inefficient energy use, and an asymmetry of

benefit that leaves landlords and tenants resistant to

energy efficiency because they believe that the other side

stands to gain more.

A further challenge is the fact the most energy efficient

opportunities are in developing countries – McKinsey’s

analysis suggests that two-thirds of the US$ 170 billion

required investment would go to developing economies,

where it would be more efficiently used as the cost of

7. Four Key Enablers
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networks around the world. The world’s electricity grids

were designed to distribute power cheaply and reliably

from large centralized power stations to broadly

distributed demand. The grid of the future will have to

cope with decentralized, fluctuating supply. They will also

be expected to deliver a far more sophisticated range of

services to help with demand-side energy management.

Only a new and fully digitally-enabled grid architecture will

be able to meet these needs, and the investment

requirement is estimated by New Energy Finance at US$

10 trillion, (including US$ 6.8 trillion to repair and replace

the existing transmission and distribution network).

“Smart grid” technology will allow intermittent power from

renewable sources such as wind and solar, as well as

distributed generation, to be integrated into the grid

alongside baseload power from conventional sources and

nuclear energy. Sophisticated software to manage (and

ideally match) electricity supply and demand in the most

efficient way possible will ensure that power is delivered

where and when it is needed.

Further downstream, there are a variety of technologies

that aim to optimize energy supply and demand

networks. Metering technologies can be used to monitor

energy use in homes and offices, or individual energy-

using devices. Metering data can incentivize owners to

cut down on energy use, while a utility can use the

information to help optimize their energy use. Smart grid

technology developers create a real-time feedback loop

between customers and suppliers allowing them to

optimize their energy consumption during peak power events. 

7.3 Power Storage

Power storage will be another key feature of the energy

supply of the future. Across the energy system the need

for energy storage is increasing, whether to power hybrid

and electric vehicles, to smooth out fluctuations in supply

and demand, balance intermittent renewables, or to

extend appliance functionality. All application areas will

provide investment opportunities in the coming years as

the need for low cost, lightweight, high energy density

technologies intensifies. 

The hybrid vehicles of today use nickel metal hydride

(NiMH) batteries. Next generation vehicles such as plug-in

hybrids (PHEVs) or full electric vehicles (EVs) will most

likely use lithium ion batteries. A number of start-up

companies in the US and Europe are working on

developing new low cost solutions. However, the battery

alone will not determine the success of an EV and

therefore design of the vehicle itself is of the utmost

importance. As with batteries many new venture backed

companies are developing new vehicles. Of course, the

large automakers are working hard to develop technology

of their own, however it is an area that most of left

undeveloped for some time. 

Technologies for bulk storage vary between traditional

methods, such as pumped hydro and compressed air

energy storage (CAES), to novel methods such as

advanced batteries. For high power density applications,

such as balancing short-term grid fluctuations, flywheels

and ultracapacitors are beginning to be explored. Both

pumped hydro and CAES require specific geographical

and geological formations such as rivers that can be

dammed or salt caverns, respectively. Therefore, batteries

may be a more versatile next generation technology. In

particular, sodium sulphur batteries or flow batteries such

as vanadium redox have begun to be implemented for

peak power load levelling and storage of intermittent wind

energy. The cost of grid scale bulk storage for 1MWh of

electricity ranges from US$ 40 to US$ 180, depending on

the technology used.

Intermittent renewable energies such as wind will benefit

greatly from power storage. Such functionality would

provide enhanced reliability, balance frequency

fluctuations from turbines and potentially allow for price

arbitraging – selling wind generated off-peak during peak,

high demand and high price electricity periods. However,

battery technologies are still too expensive for price

arbitraging. Prices will need to fall to US$ 50/MWh to

prove economically feasible. New Energy Finance

estimates that the current cost of utilizing battery

technologies ranges from US$ 180/MWh for sodium

sulphur batteries to US$ 114MWh for vanadium redox

batteries. Several venture backed companies claim to be

developing technologies that would provide significantly

lower US$/MWh costs. 

7.4 Carbon Capture and Storage

A major component to all models outlining potential

solutions to climate change, carbon capture and storage

(CCS) involves removing CO2 from processes that utilize

fossil fuels for power or industrial applications, then

trapping it in subsurface geologic formations or using the

gas for other purposes. As CCS is the predominant

means by which the concept of clean coal is to come to

fruition, and since coal-fired power generation accounts

for 41% of global emissions, the potential for CCS

deployment is enormous. However, up to now, CCS has

experienced difficulties in gaining widespread use due to

technical issues, but mostly because of insufficient

legislative incentives, incomplete regulatory frameworks,

and lack of public acceptance.

At present, government incentives are vastly insufficient

to meet the high cost of capture and storage, which



33 | Green Investing

currently totals approximately US$ 115 per tonne CO2

saved (and US$ 100 per tonne CO2 saved for capture-

only). By 2020 however, the market will be able to

support extensive CCS deployment in the EU, Australia,

US and Canada, although CCS, induced by trading

programmes alone, will not exceed 275 million tonnes

CO2e injected per year. This number is a vast increase

from the current yearly injection rate of 18 million tones

CO2e, but still only accounts for a reduction of roughly

1% of global emissions and is equivalent to the emissions

from just 41 coal-fired power stations. Clearly,

government mandates are needed to increase CCS as a

means of carbon mitigation. Post 2020, the continuous

lowering of emission targets will make CCS the essential

abatement option for many countries and together with

carbon trading will therefore ensure its further

deployment. 

The current push in CCS research and development is

two fold; implementation of demonstration projects and

improving CO2 capture techniques. For CCS to become

a widespread commercial option, the entire process from

capture to storage and monitoring must be demonstrated

on a utility scale. This has not yet happened, but several

such projects are in planning, totalling over US$ 53

billion, and many smaller ones are currently underway. A

major obstacle to the construction of large-scale

demonstrations is cost, which is expected to decrease by

more than half the current price, to US$ 30-60 per tonne

CO2 saved, as capture technology improves. There are

currently over 190 capture technology demonstration

projects underway worldwide. 

Besides working out the technical and economic details

of CCS, demonstration projects will serve to provide

information necessary to establish effective regulatory

frameworks. Several countries have completed drafts of

such frameworks.

As carbon prices are unlikely to exceed US$ 50 per

tonne in the short term, CCS demonstration projects,

utility scale and smaller, will be completed only with

strong assistance from the public sector, and will be

coupled with revenue-generating activities such as

enhanced oil recovery. However, post 2020, as carbon

prices rise and the cost of capture decreases, CCS will

become more and more a part of global emissions

reductions.
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8. Carbon Markets

We are moving inexorably towards a world in which

greenhouse gas emissions will have a cost. Over the next

two decades this will transform the economics not only of

the energy sector, but of all energy-intensive industries.

However, carbon pricing alone will not be sufficient to

spur a shift to clean energy in the short to medium term.

But over the longer term carbon prices will be an

increasingly important driver of investment in clean

energy.

Despite the turmoil in the world’s financial markets, 2008

was another year of record growth in the carbon markets.

Transaction value in the global carbon market grew 81%

over the first nine months of 2008, reaching a total value

of US$ 87 billion and is likely to exceed US$ 100 billion

by the end of the year (see Figure 17). 

How Carbon Markets Work

Carbon markets do not trade carbon in the way that

copper markets trade copper, or oil markets trade oil.

What changes hands is the right to emit a certain volume

of CO2 or an equivalent amount of another greenhouse

gas. 

The intention is first to put a price on emissions that have

until now been cost-free, and second to allow trade in

permits, so that those who can most easily reduce

emissions have the greatest incentive to do so. There are

other ways of spurring emission reductions: governments

can simply mandate them, perhaps demanding the use

of energy-efficient technologies – but this brings all the

risks of centralized control and picking technology

winners. A carbon tax is the other solution often mooted.

While simple to collect, it fixes the price of emissions but

not their volume, which one can then only hope will be

reduced according to plan. 

Cap-and-trade, in principle (i.e. before allowing the

trading of project-based credits from outside the capped

region or industries), fixes the volume of emissions and

then lets the market find the appropriate price level. In the

short term, this may be driven by the usual factors –

sentiment, liquidity, news-flow, momentum and so on –

but in the long term, prices are driven by the number of

credits created, the expected demand from industry,

and the ease of closing any shortfall between supply

and demand, using technology and investment

available during the relevant commitment period (see

Figure 18).

EU-ETS and Global Kyoto Compliance Markets

Currently the most liquid markets are the European Union

Greenhouse Gas Emission Trading Scheme (EU-ETS) and

the global Kyoto compliance market.

The EU-ETS, which started its second phase in 2008,

covers some 45% of Europe’s total greenhouse gas

emissions. It has dominated carbon credit trading to

date, accounting for 79% of transactions by value.

Despite some downward movement in price towards the

end of 2008 as a result of the global economic downturn,

the average settlement price of European Union

Emissions Allowances (EUAs) closed the year at around

US$ 25 per tonne (see Figure 19).

The Kyoto compliance market arose because signatory

governments in the developed world can purchase

credits from emissions-reducing projects to contribute

towards their reduction commitments. These can either
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Figure 17. Global Carbon Credit Trading Volume,
2004-2008, US$ billions

Source: UNFCCC data, New Carbon Finance analysis
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Source: New Carbon Finance
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be generated in the developing world under the Clean

Development Mechanism (CDM), or in developed 

countries under the Joint Implementation Mechanism (JI).

CDM credits, known as Certified Emission Reductions

(CERs), accounted for 17% by value of carbon trading

transactions under the EU ETS in 2008. 

In order to qualify, each CDM project has to be registered

with the UN. The process was initially hampered by

bureaucratic delays, but there are now some 4,000

projects in the registration pipeline, which New Carbon

Finance expects to yield some 1.5 billion CERs by 2012.

This figure rises to more than 1.8 billion tonnes when an

estimate for projects that have yet to enter the pipeline is

included. Early CDM projects earned returns of hundreds

of millions of dollars for modest investment by targeting

industrial gases with greenhouse gas effects thousands

of times more powerful than CO2. Since then, however,

the CDM has catalysed the investment of many billions of

dollars in clean energy in developing countries. 

By the end of 2008, 59% of all CDM projects were based

on renewable energy or energy efficiency, although their

modest size means they account for only 37% of CERs;

this is expected to grow to nearly 60% by 2012 as the

potential for industrial gas projects has largely been

exhausted. By the end of 2012 we estimate that the

CDM will have stimulated the flow of roughly US$ 15

billion from developed to developing projects for

investment in low carbon projects in developing

countries.

Other Emerging Carbon Markets

Where the EU ETS and the Kyoto Compliance Markets

have led, others are now following. The Australian Carbon

Pollution Reduction Scheme is scheduled to start

operation in 2010. Japan is trialling a voluntary ETS after

years of negotiation between government and powerful

utilities and industry groups. 

The US, which could – some would say should – be the

deepest carbon credit market in the world, has been

somewhat left behind, but is now making rapid progress.

The Regional Greenhouse Gas Initiative is up and

running, albeit with modest carbon reduction ambitions.

California and the Western Climate Alliance are working

on state-level or regional plans. Then there is the

voluntary market, rapidly taking shape and increasing in

volume. And President-Elect Obama has clearly stated

his support for a federal cap-and-trade scheme.

The emerging mosaic of carbon markets may look

chaotic, but what we are seeing is the emergence of a

system of interlinked, policy-led financial markets, similar

to today’s currency markets. 

Figure 19. EU-ETS Price History: Phase II EUA and CER prices,
July 2007-December 2008, €/tonne CO2e

Source: ECX, New Carbon Finance (volumes are from ECX and BlueNext only)
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Several organizations and projects have been set up

to share information and encourage investment in

renewable energy, energy efficiency and the carbon

markets. These include:

• Basel Agency for Sustainable Energy

www.energy-base.org 

• Carbon Disclosure Project www.cdproject.net

• CERES www.ceres.org 

• Clean Energy Investment Working Group

www.cleaninvestment.org/ 

• Energy Efficiency 21 www.ee-21.net 

• European Energy Venture Forum

www.europeanenergyventurefair.com

• Institutional Investors Group on Climate Change

www.iigcc.org 

• Investor Network on Climate Risk www.incr.com 

• London Accord www.london-accord.co.uk

• Renewable Energy and Energy Efficiency

Partnership www.reeep.org 

• Sustainable Energy Finance Alliance

www.sefalliance.org

• UNEP Sustainable Energy Finance Initiative

www.sefi.unep.org 

Figure 20. Existing Multinational Initiatives

Promoting Investment in Clean Energy

Source: New Energy Finance
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Potential Future Developments

Perhaps the biggest problem the carbon market presents

to investors – other than its sheer complexity – is its

apparently uncertain future. The Kyoto Protocol in its

current form lasts only until 2012. Two processes are

under way, working to develop a successor regime: one

involving those nations that have ratified Kyoto, and a

second, the so-called Bali roadmap, which includes

the US.

The December 2008 Poznan negotiating session, which

took place after the US election but before the

Inauguration of President Obama, produced little of

substance, although this was not surprising. Issues

debated included the adoption of emissions targets for

large developing countries (India and China) – although

this was firmly rejected, the structure of the CDM, the

inclusion of credits from avoided deforestation and

carbon capture and sequestration and, of course, the

potential commitment by the US. President Obama has

signified that such a commitment will be forthcoming

under his leadership, and the world is holding its breath

to see what comes out of negotiations in Copenhagen in

December 2009. This is seen as the last chance if there

is to be a solution in place before the current Kyoto

arrangements expire in 2012, although missing that

deadline does not mean the process is dead, so an

extension is possible, if not probable.

Whatever happens in Copenhagen, the future of the EU

ETS and CDM is secure. The EU has shown a strong

commitment to climate goals in general – most recently

passing the climate package which sets out its target of

reducing emissions by 20% by 2020, and by 30% if other

nations join in – and to the EU ETS in particular. It will

also continue allow CDM credits to be used in lieu of

local carbon reductions. New Carbon Finance’s central

forecast for the price of credits in Phase II of the EU ETS

is for an increase from the current US$ 21 per tonne to

US$ 40 per tonne in 2012. Beyond 2012 prices will

continue to rise as carbon caps bite more deeply in the

run-up to 2020 and beyond, and easy sources of credits

are exhausted.

Summary: Carbon Markets – Necessary but not

Sufficient

In summary, the long-term outlook for carbon remains

bullish as momentum towards a network of national and

regional schemes remains strong. However, it will be

some time – possibly decades – before carbon credits

alone provide an economic rationale for the large-scale

roll-out of renewable energy, for the deployment of the

key enabling technologies for such large-scale roll-out, or

for commercial carbon capture and sequestration

projects. If these goals are to be achieved, a broader

range of policy tools is required.
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9. Longer-Term Policy Requirements

Any shift to a low-carbon energy infrastructure will need

to be supported by a range of policy tools: there will be

no one-size-fits-all solution. A carbon price, while helpful,

will not be sufficient to spur the deployment of renewable

energy or carbon capture and sequestration for the

foreseeable future. And even if policy-makers make

incentives for clean energy a key element of their

response to the current financial crisis, there will still be a

need for further action. The industry needs a rational set

of support mechanisms, tailored to each geography and

sector. 

While a carbon price is the logical foundation of any

policy regime for clean energy, as we have seen, it cannot

on its own spur the development of a healthy clean

energy industry. It might drive a switch by utilities from

coal to natural gas, boost energy efficiency and

discourage deforestation, but it cannot stimulate the

uptake of a variety of clean energy technologies at

different stages of maturity. Nor can it catalyse the

deployment of the key enabling technologies that will be

required, including the digital grid and carbon capture

and sequestration. 

These goals will only be achieved by support tailored to

the stage of commercialization of the sector in question:

• Almost Commercial. Sectors nearing maturity and

competitiveness with fossil fuels need rate support only

for a limited period to help them close the gap. Once a

clean energy technology is within 20% of the cost of

fossil energy, it should be able to stand on its own two

feet, with utilities choosing to deploy it as a way of

hedging against feedstock volatility (as demonstrated

by the late Dr Shimon Awerbuch). But until this tipping

point is reached, the goal should be to support

renewable technologies during a finite period while

suppliers drive their costs down.

• Ready to Scale. Technologies that work in the lab but

are too risky to scale up need support and finance to

bridge the “Valley of Death”, which they must pass

through in order to reach commercialization. Until the

first full-scale plants are built, it is impossible to

eliminate technology risk – which debt providers will

not take. Yet equity providers will not make adequate

returns without an element of debt funding. Specialist

funds could help break this inherent circularity.

Technologies currently falling into this “Valley of Death”

might include marine power, next generation biofuels,

large networks of plug-in hybrids and advanced

geothermal, even very large-scale offshore wind

turbines and solar thermal chimneys. Major public

funds could be created to smooth the transition of

these technologies across the Valley of Death. These

should be sufficiently large to pool the risk of multiple

technologies and projects; they should leverage the

skill of private equity providers and insurance

companies; and they should take only the final tranche

of unavoidable technology risk.

• Blue Sky. Sectors with longer-term technological

promise need research funds. Venture capital

investment in clean energy technologies has exploded

since 2005, but it is remarkable how small the total

investment is – US$ 4 billion worldwide out of total

clean energy industry investment of US$ 142 billion in

2008 (just 3%) – reflecting a shortage of “outside the

box” ideas. There needs to be far higher investment in

universities, national labs and other publicly-funded

research into the fundamentals of energy technology.

With the path to market for energy technology often

taking 10 to 15 years, commercial players tend to

under-invest in blue sky research – a gap that could be

plugged by public funds.

But simply supporting chosen sectors will not be enough

to develop and deploy new renewable energy

technologies. An entire ecosystem of supporting

technology and service providers will be fundamental to

the growth of a healthy clean energy sector – and this is

inextricably linked to the ability of entrepreneurs and

companies to create new businesses. One of the reasons

that Europe consistently lags venture investment in clean

energy in the US by a factor of five to seven is that the

conditions for venture investment in Europe are less

well-developed.

Governments should also lead by example, creating

markets for clean energy through public procurement.

With central, regional and local government accounting

for 35-45% of economic activity in all of the world’s

largest economies, public sector purchasing can be a

powerful force. Clean energy use should be mandated in

public procurement, which would create guaranteed

markets for leading innovators in transport, heat and

electricity.

Finally, policy-makers should enforce energy efficiency

standards. Utilities and energy-intensive industries will

respond to carbon prices and other price signals, but

many individuals and businesses will simply not do so. As

a result, there will always be a role for regulation to

mandate certain changes in behaviour, such as appliance

efficiency and standby power limits, corporate average

fuel economy (CAFE) standards and building codes. They

must also address the asymmetry between energy

providers, who want their customers to use as much

energy as possible, and consumers, who on the whole

would prefer to use less.

But whichever policies are adopted, the overarching

requirement is for policy stability – the impact of policy

uncertainty on cost of capital must be better understood

– and simplicity, so that the industry is not burdened with

unnecessary bureaucratic costs.
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Appendix - Target Sector Summaries

1. Onshore Wind
The most mature of the renewable energy sectors, the

onshore wind industry saw 21GW built in 2007, bringing

installed capacity to over 100GW. In Germany, Spain and

Denmark wind power now supplies 3%, 11% and 19%

respectively of total electricity production during the

course of the year, and in Denmark up to 43% of the

country’s electricity demand at times of peak wind supply.

Electricity from onshore wind can be generated at prices

of 9-13 c/kWh, making it only 32% more expensive than

natural gas CCGT, even in the absence of a carbon price.

The Global Wind Energy Council forecasts that the global

wind market will grow by over 155% to reach 240GW of

total installed capacity by 2012.

Onshore wind can compete with conventional generation

without subsidy, where wind speeds are high enough.

However, there is no doubt that subsidy support, in the

form of feed-in tariffs and tax credits, has spurred

onshore wind development in countries such as Germany

and the US.

Policy Status and Gaps

The wind industry has benefited from broadly supportive

legislation, particularly in Europe and India which until

recently has been home to the world’s largest installed

wind generation capacities, but now increasingly in North

America and China. However, the industry needs a stable

policy environment and reinforcement/renewal of existing

policies if it is to continue to thrive. Political incentives to

increase investment in the electricity grid will also boost

the wind sector (along with all clean energy generation

technologies).

Technology Gaps

Onshore wind is a mature sector, so advances in onshore

turbine technology tend to focus on refining existing

designs and increasing turbine size. The industry has

been built on three-bladed upwind turbines whose design

was popularized and commercialized by Danish

companies in the late 1990s. More recently, though, very

high demand growth has meant that market incumbents

have been unable to keep pace and the sector is now

seeing a re-emergence of older technologies and new

manufacturers to commercialize them. This includes

simplified two bladed turbines, downwind two bladed

turbines and major innovations in offshore wind systems

(see next section).

Other areas where better technology would boost the

onshore wind sector include:

• Operations and maintenance, where marked 

improvements in existing asset management 

Table 4. Onshore Wind – Economic Overview

Potential Scale Greater than 1,000GW, 
of which only 100GW 

has been exploited.

Market Readiness LCOE = US$ 89- 126/MWh

Project Returns 10-20% depending on market 
and resources

Source: New Energy Finance

Table 5. Top five wind markets by capacity, 2007

Market Capacity (GW)

Germany 22.7

United States 16.9

   15.1

India 8.3

China 5.9

Source: New Energy Finance, GWEC

techniques are being pioneered through scale and 

closer inventory and technical team management

• Innovative technologies, either to reduce the cost 

of generation and the sector’s exposure to volatile 

commodities (steel/copper)

• Supporting infrastructure for wind farms both in 

resource forecasting (high technology required) 

and grid expansion (mainly capital rather than 

technology required)

Potential Bottlenecks

Raising finance will remain a bottleneck in the short term,

as it will for all energy projects. This is not only to do with

less capital being available to finance onshore wind, but

also because margins have broadened. Financing

projects at a cost that makes economic sense will also

be a challenge.

In the longer term, blade and turbine supply may

constrain onshore wind development. Planning

permission remains an issue, particularly in the most

heavily populated and mature European markets, such as

the United Kingdom.



42 | Green Investing

2. Offshore Wind
When the best sites for onshore wind have been

snapped up, the next place to look for large quantities

of renewable energy is offshore. Offshore wind offers

enormous potential, with stronger more predictable

winds and almost unlimited space for turbines.

Planning permission can be easier to obtain, farms can

be built at scales impossible on land, and the

availability of space is almost unlimited if deep waters

are mastered. At present, the cost of electricity from

offshore wind is high – more than 16 c/kWh, but these

will come down rapidly as more project experience is

gained.

Offshore wind is relatively unexploited compared to

onshore wind, but is coming into its own as the onshore

market becomes saturated, particularly in densely

populated areas such as Europe. However, offshore wind

faces some logistical and design challenges, including the

high cost of grid connection from offshore sites, higher

wear and tear, and more difficult operation and

maintenance.

Offshore wind tariffs and support mechanisms are

currently being put in place to spur significant growth

in Northern Europe, particularly in the United Kingdom

and Germany where more than 1GW per year is

expected to be commissioned over the next five years

(see Figure 21). Other markets such as Belgium

(0.8GW granted concession), Netherlands (150-

200MW under construction), Denmark and Sweden

will also provide demand for turbines and installation

vessels.

The United Kingdom government has placed a

growing emphasis on offshore wind to meet its long

term renewable targets and as a hedge against rising

gas imports. However, impatience with government

procedure has led some industry participants to forge

ahead with their own support plans for prototype

turbines. For example, the Crown Estate, which owns

more than half the United Kingdom’s foreshore, tidal

riverbeds and seabed rights, has committed to buy

Clipper Windpower’s first offshore wind turbine.

In the US high profile and contentious debate over the

Cape Wind Project near Cape Cod has marred debate

and to some extent distracted from the quality resources

off the coast of major load centres where high electricity

prices are common such as Virginia, Rhode Island, and

New York.

Policy Status and Gaps

Offshore wind’s long lead times, substantial capital

spending (US$ 300m+) and long term operating risk

mean that investors (primarily oil, gas and utilities) have

made cautious but significant moves in the sector.

The United Kingdom and Germany are emerging as key

markets, defined by steadily increasing policy support in

the form of planning guidelines, feed-in tariffs and green

“top-up” certificates. Elsewhere in Europe patchwork

support is spurring some growth in Denmark, Sweden,

Netherlands and Belgium, but higher than expected costs

and capital spending uncertainty remains a challenge.

Technology Gaps

Offshore wind faces a substantially different and far

harsher environment to onshore wind, with the result that

early marinized versions of onshore turbines installed

offshore suffered high profile and costly reliability issues.

Significant work by Siemens, Vestas Repower and others

have resolved many of the reliability issues by

strengthening and improving components and insulating

internal mechanisms from salt laden sea air.

This has come at a cost though with considerable

compromises made on weight and upfront costs.

Reducing the weight of the nacelle (at the top of the

tower) either through removing or replacing electrical

components, gearboxes or blades are still being actively

pursued by numerous companies and it is likely that

Table 6. Offshore Wind – Economic overview

Potential Scale 100GWs

Market Readiness LCOE = US$ 158-205/MWhProject

Returns Marginal

Source: New Energy Finance

Figure 21. Current and planned offshore wind projects by

expected commissioning date (MW)

Source: Companies, Wind Associations (various ), New Energy Finance
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innovations around turbines and foundations will improve

the economics of offshore wind – as long as a stable

demand environment is generated by governments.

Potential Bottlenecks

Offshore turbines have lower profit margins than onshore

turbines; as long as onshore development continues to

be healthy, turbine manufacturers will focus on producing

onshore turbines, creating a potential bottleneck for

offshore turbines.

3. Solar – Photovoltaic (PV)
PV technology has made very rapid strides in the past

four years, in terms of reducing the cost of crystalline

silicon (its main component) and commercializing thin film

technology, with investment volume growing to US$ 50

billion in 2007-2008 (see Figure 22). Although there has

been a bottleneck in the production of solar-grade silicon,

new capacity is coming on line and costs are set to drop

rapidly from US$ 4/W to US$ 2.60/W by the end of

2009, making unsubsidized solar PV generation costs

comparable with daytime peak retail electricity prices of

approximately 17 c/kWh in many sunny parts of the

world.

PV has also flourished under generous incentive regimes

in Germany and then Spain, encouraging high profile

IPOs from silicon, wafer, cell and module manufacturers.

These companies’ values have soared because a severe

shortage of silicon has driven up their products’ price and

ensured strong order books. 

Other companies have capitalized on the silicon shortage

by developing technologies that use less silicon in their

solar modules, or that use other materials altogether.

Although the global PV market has traditionally been

dominated by crystalline silicon modules, New Energy

Finance expects that thin-film modules (silicon and non-

silicon based) will account for 18% of solar panels

produced in 2008, up from 14% in 2007. Thin-film

modules are cheaper to produce than conventional

silicon modules, because they use less silicon and benefit

from a more integrated manufacturing process.

Installed PV generation capacity worldwide is 13.3GW, a

fraction of installed wind capacity. This is because solar is

the most expensive renewable energy source in nearly all

applications. While it is the best option in a few niches,

such as grid-isolated telecommunications towers and

calculators, these markets are tiny. The growth markets

are for grid-connected power plants supported by

generous incentives. PV will eventually become cost-

competitive in some mainstream retail markets, and this

will unlock substantial additional demand, but this is

unlikely to happen for several years.

Policy Status and Gaps

Incentives are by far the most significant driver of the PV

market, in the form of feed-in tariffs and/or tax credits.

Where these have been provided, as in Japan, Germany,

Spain, and California, PV has thrived. Conversely, where

subsidies are being capped or phased out, as they were

in Japan and more recently have been in Spain,

installation falls away.

PV also requires mandatory net metering, as

homeowners need easy two-way access to the grid to

benefit from owning distributed generation.

Technology Gaps

Mass manufacture of thin-film modules and reduction of

cost for crystalline silicon modules are the key challenges

for the solar industry. The next few years will be crucial,

but if PV delivers on its near-term promises it will be cost-

Table 7. Solar PV – Economic Overview

Potential Scale 13.3GW currently installed
Potential capacity limited only by 
economics

Market Readiness LCOE = US$ 341-549/MWh
Currently extremely uneconomical but 
with potential to halve in next 2 years

Project Returns Heavily dependent on incentive regime

Source: New Energy Finance

Figure 22. Investment in solar (nearly all PV), 2000-2008: US$ million

Source: New Energy Finance
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effective in many more niches and will need much less

subsidy than at present.

Potential Bottlenecks

Over the next two years, oversupply of modules appears

inevitable and the price is likely to fall to the marginal cost

of production, representing a 40% fall for crystalline

silicon modules. Shortage of affordable capital (the

economics of PV are extremely sensitive to interest rates

because nearly all the cost is upfront), caps to incentive

regimes, customer inertia and permitting and

transmission bottlenecks are therefore the main limits to

the growth.

4. Solar Thermal Electricity Generation (STEG)
While PV is ideal for building-integrated and smaller

projects, the technology of choice for big solar plants in

the world’s deserts looks set to be thermal: concentrating

the heat of the sun to generate steam, which can be

used in conventional and highly efficient turbines. There

are relatively few projects up and running yet, but with

costs of 24-30 c/kWh, this technology is shaping up to

be a part of the solution in the sunniest parts of the

world.

Solar Thermal Electricity Generation (STEG) – also known

as Concentrated Solar Power (CSP) – comes in many

different designs, the most mature being parabolic

trough, but new ideas including tower and heliostat,

Fresnel linear reflectors and parabolic dishes have been

developed. All work on the same principle, of using

mirrors to concentrate the sun’s heat to produce steam

that drives a turbine.

There is very little installed STEG capacity worldwide; just

438MW, although a further 131MW is due to be

commissioned in Spain by the end of 2008. There is a

large pipeline of STEG projects, mostly in Spain and the

US but also several backed by government tenders in the

Middle East and development bank funding in North

Africa and Mexico (see Figure 23).

North Africa has excellent theoretical STEG potential – it

has very high insolation, is eligible for funding from

international development agencies and could be

connected to Italy (and then to the rest of Europe) via a

short submarine transmission cable. However, the region

lacks the political support and grid connection to get the

industry off the ground. In spite of this, some STEG

plants are being developed, but most are add-ons to

existing combined cycle gas turbine plants rather than

stand-alone installations. In Morocco, for example,

construction has started on the Ain-Beni-Mathar project,

a 470MW combined cycle gas plant with a 20MW STEG

component, funded by the National Electricity Office, the

African Development Bank and the Global Environment

Fund.

The first operational STEG plant was the Luz parabolic

trough plant in the Mojave Desert, California. This was

built in the late 1980s and early 1990s, and although the

developer was forced into bankruptcy, it has been

operating ever since. 

Policy Status and Gaps

Like PV, STEG is highly subsidy-dependent, and there are

only two near-term markets: Spain and the US. Spain’s

future after 2011 is uncertain, because once 425MW of

STEG is installed, there will be a window of 12-24

months for further projects to be commissioned under

the current regime. In the US, the eight-year Investment

Tax Credit and utility willingness to contract for STEG to

meet Renewable Portfolio Standards give the industry

certainty. In other markets, progress on government

tenders and development projects is slow.

Table 8. Solar Thermal - Economic Overview

Potential Scale 438MW currently
Scale limited only by space and 

grid connection has been exploited.

Market Readiness LCOE = US$ 241-299/MWh
Uneconomic

Project Returns n/a

Source: New Energy Finance

Figure 23. STEG pipeline by country and status, 2008, MW

Source: New Energy Finance
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Table 9. Sugar-based Ethanol – Economic Overview

Potential Scale 70 billion Lpa commissioned 
production capacity Global 

production estimated to reach 

255 billion Lpa by 2030

Market Readiness Brazilian sugar ethanol is 
market-ready i.e. competitive in 

its own right with oil at US$ 

40/barrel

Project Returns n/a

Source: New Energy Finance

Figure 24. Investment in Sugar/Maize Ethanol, US$ million

Source: New Energy Finance

Technology Gaps

While parabolic trough is essentially a mature technology,

and turbine design is unlikely to see any breakthroughs,

new STEG collector designs have the potential to

improve PV’s economics when their technology is proven.

Funding for the first large-scale plants, however, will be

difficult as they will involve technology risks.

Potential Bottlenecks

In Spain, there are no bottlenecks for those with projects

in the pipeline. In the US, permitting and transmission

access will keep most planned projects on the drawing

board for at least a year, and once those are overcome, it

may not be easy to raise the necessary capital.

5. Sugar-based Ethanol
The period 2004-2006 saw US investment in biofuels

soar, with investors pouring US$ 9.2 billion into the sector

(see Figure 24). But most of this flowed into corn-based

ethanol, which is more expensive to produce than sugar-

based ethanol, subject to volatile prices and controversial

because its feedstock is a food as well as a fuel. Many

investors regretted their haste. By contrast, Brazilian

sugar cane-based ethanol is competitive with oil at US$

40 per barrel; it grows well in many southern hemisphere

countries (and far from the Amazon); and there is no

shortage of land to increase production substantially

without jeopardizing food production in the region. 

Sugar cane is the most cost-efficient and environmentally

friendly feedstock for ethanol production with 70-90%

fewer CO2 emissions than gasoline, but it can only be

grown under specific climate and soil conditions in

southern hemisphere countries. Brazilian sugar cane

ethanol is competitive with petrol at US$ 40 a barrel, but

ethanol from other feedstocks, such as maize, is not

economic without subsidy. The US ethanol market in

particular has suffered as corn prices have soared since

2006, making production uneconomic in many cases and

forcing producers to scale back their expansion plans.

Corn ethanol also suffers from the food-fuel controversy,

as well as relatively unimpressive emissions reductions

(up to 30%). 

Global ethanol production capacity is 70 billion litres per

annum (Lpa). Brazil and the US are the two largest

ethanol producers in the world, producing respectively 27

billion Lpa and 35 billion Lpa.

Policy Status and Gaps

Most countries seeking to promote ethanol use do so

by imposing a minimum blending requirement, although

the well-established markets of Brazil and the US have

discretionary blending. Ethanol can be used in ordinary

vehicles in a blend of up to 25% without engine

conversion, making widespread adoption a viable

prospect.

Policy is a key driver of ethanol markets, both

domestically and internationally. Ethanol benefits from

blending mandates and local subsidies; but the operation

of a global market is inhibited by widespread import tariffs

that put Brazilian ethanol in particular at a disadvantage

to locally produced ethanol in the US and other countries.

France, however, recently announced that it would

reduce and eventually cut its subsidies to domestic

ethanol producers by 2012, and other countries may

follow its lead.

Ending import tariffs and defining international standards

would also boost the international ethanol market,

avoiding market distortions and allowing for free trade

and long term international trade contracts. Brazil, which

understandably lobbies for the removal of import tariffs,
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has some support from the US, Sweden and international

trade organizations.

Brazilian ethanol production would benefit from legislation

to allow for the use of transgenic (genetically modified)

cane, currently banned by the Brazilian Ministry of

Science and Technology. 

Technology Gaps

Sugar-based ethanol is produced from sugar cane

juice, but technology is being developed so that all

cane residues – leaves, straw and bagasse – can be

used for ethanol production, through processes like

hydrolysis, increasing sugar cane ethanol productivity

significantly. 

Genetically modified sugar cane cannot be

commercialized in countries like Brazil, but transgenic

cane technology has nevertheless been developed by

companies like Alellyx in Brazil (recently acquired by

Monsanto for US$ 287m), and could boost sugar cane’s

productivity by 20%.

Potential Bottlenecks

Falling oil price – and reduced crush spread – is the

ethanol market’s biggest challenge currently. With oil

below US$ 40/barrel, even Brazilian ethanol ceases to be

competitive overseas, although it remains in demand

domestically. 

Import tariffs and local subsidies also create a bottleneck

for sugar-based ethanol. Once these are removed and a

more level international playing field created, market

mechanisms such as hedging instruments and a futures

market will help build a transparent global ethanol market.

6. Cellulosic and Next Generation Biofuels
The argument over food vs fuel is an emotive one. In

most regions, there is sufficient land to increase biofuel

production from the current 1% of transport fuel to 3% or

even 5% without impacting on food availability. But after

that the only way to increase production of biofuels will

be to source feedstock that does not compete with food.

Luckily, the cost of producing biofuels from agricultural

waste through cellulosic conversion and algae is coming

down rapidly, and the future fuel system is likely to

include a proportion of fuels from these sources.

As well as using byproducts of other crops, such as

wheat straw, sugar cane leaves and forestry waste, crops

are being grown specifically to produce biofuels, including

jatropha (being trialled in India), miscanthus, and

switchgrass. These crops have the added advantage of

being able to grow in areas considered marginal for

arable use, such as desert areas (jatropha) and very wet

land (miscanthus). New technologies have been

developed to cope with these more varied feedstocks,

including enzymatic hydrolysis and gasification.

Global production of next generation biofuels is currently

small – around 10 mLpa, compared to 69,900 mLpa of

sugar-based ethanol – accounting for just 0.02% of

global bioethanol production. However, this is expected

to rise as new feedstocks are grown, technologies proven

and scaled up, and the cost of production falls. Early-

stage investment in second generation biofuels overtook

first generation investment in the second and third

quarters of 2008 (see Figure 25), although current

economic conditions may reverse this trend in 2009.

Policy Status and Gaps

Policies supporting next generation biofuels are

essentially the same as those relating to sugar-based

ethanol (see above), including blending mandates, tax

breaks, biofuel producers subsidies and feedstock

Table 10. Next Generation Biofuels –

Economic Overview

Potential Scale 10 mLpa commissioned 
production capacity currently

Market Readiness 5-7 years away from 
commercial production

Project Returns n/a

Source: New Energy Finance

Figure 25. Venture Capital and Private Equity Investment in
Biofuels – First Generation vs Next Generation, US$ million

Source: New Energy Finance
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cultivation subsidies. However, policy is starting to

differentiate between first and next generation biofuels, in

favour of the latter. In the US, for example, there is a

mandate within the renewable fuel standard for a specific

proportion of next generation biofuels.

In some countries, governments are giving farmers

incentives to grow crops specifically for energy use, such

as jatropha in India. Uptake has been poor, however, with

farmers proving reluctant to run the risk of producing a

crop whose yields are unproven, which may damage the

soil and for which there is not yet an established market

The market needs capital support, in particular

government funding for demonstration-scale projects to

prove the technology is viable/scalable as well as

encouraging farmers to invest in feedstock production.

Financial incentives to encourage farmers to grow energy

crops are also vital to overcome their initial caution.

Blending subsidies offering tax breaks to oil companies

who blended next generation biofuels into their products,

provided over a reasonably long time horizon (4-8 years)

would also help reduce operating costs and give farmers,

producers and developers an incentive to invest.

Technology Gaps

Research and development is still focusing on which

crops can be grown successfully on marginal land, and

also which can be grown economically.

The key challenge for next generation biofuels is to lower

production costs sufficiently to compete with

conventional energy, and also with first generation

biofuels, particularly sugar cane ethanol. Next generation

biofuel production processes that fit easily and

inexpensively into existing production capacity have the

best chance of success.

Potential Bottlenecks

As with sugar-based ethanol, a falling oil price is a threat

to investment into the sector, even though blending

mandates provide the industry with some support.

Otherwise, logistics is potentially a bottleneck. Feedstock

is typically bulky and therefore expensive to transport

long distances. Making sure that feedstock is grown as

near as practical to processors and produced to the right

specification is crucial.

7. Geothermal
Geothermal power is particularly attractive as a renewable

energy source because it can be used as predictable

base-load power in a way that wind and solar power

cannot be.

Geothermal taps the naturally-occurring heat stored in

rock up to several miles below the surface of the earth.

The extraction process is relatively simple in theory: a

series of holes are drilled into the ground and the

subterranean heat is captured by drawing to the surface

the naturally occurring steam or hot fluid. The steam is

then run through a turbine directly, or the hot geothermal

fluid used to heat a separate working fluid that converts

to a gas to turn the turbine. In both cases, the used

geothermal fluid is injected back into the subsurface to

aid in replenishing the resource. 

Until now, geothermal power has been used only in

limited regions, but a raft of new approaches has helped

make it economically viable across a wider area. In

addition, all countries can exploit geothermal resources

for ground source heat pumps or district heating, if not

for large-scale electricity generation. Notable production

advances are taking place in the US, the Philippines,

Indonesia, Iceland, New Zealand, Australia, Turkey, and

Germany. Spurred in part by regulatory support, there is

now a large geothermal development pipeline, especially in

the US.

Global installed capacity at the end of 2007 was

estimated to be 10GW (see Figure 26). 

Policy Status and Gaps

Renewable Portfolio Standards (RPS) help investors

overcome the high up-front capital investment and

financial risks of geothermal. Because geothermal is

baseload power, it receives favourable pricing from

utilities required to include renewables in their energy

mixes. The large development pipeline in the US

illustrates the positive effect of policy.

While tax credits, feed-in tariffs and national geothermal

targets further spur geothermal investment, RPS is the

key policy driver.

Technology Gaps

Enhanced Geothermal Systems (EGS) extract heat by

creating a subsurface fracture system into which water is

injected. EGS “enhance” or create geothermal systems

where natural fractures provide inadequate flow rates.

The appeal of EGS is that poorly producing resources

can be improved and non-productive ones made

productive: if the technology is successful, geothermal

electricity could be produced anywhere in the world. The

resource potentials for EGS are vast – estimated at

517GW for just the US. The first pilot EGS plant came

online in France in June 2008, but research is being

carried out elsewhere, including Australia, where the

world’s largest EGS (5-10GW) is being built.
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Improvements in exploration technology would facilitate

development of resources with no surface manifestations.

In the US, for example, these resources are estimated to

be 33GW. Better exploration technology would also

improve the current drilling success rate in greenfield sites

of just 20%, dramatically cutting development costs.

Smaller “plug-and-play” units are being developed to use

resources that were previously uneconomical because of

low flow rates, projects of 10-15MW. UTC is one of the

leaders in this area. 

Potential Bottlenecks

As more companies become involved in developing

geothermal projects, their fast growth risks eclipsing the

available contractors and creating a construction

bottleneck, increasing lead times and capital costs.

Already there are long lead times (6-18 months) for drilling

rigs – there is a shortage of specialist geothermal rigs (or

ones that have been modified to cope with the more

demanding geologies associated with geothermal). This is

encouraging vertical integration (developers buying drilling

companies) as well as developers and “drilling clubs”

booking up rigs for long periods. There is also a backlog

of plant orders as manufacturers struggle to keep pace

with demand from the large project pipeline.

Long lead times for land siting, permitting and rights of

way are other major bottlenecks for the geothermal

sector. This could be eased by relaxing certain rules and

streamlining the process.

8. Carbon Capture and Storage 
No discussion of the future energy infrastructure would

be complete without considering Carbon Capture and

Storage. Although there are no installations at scale yet,

almost 200 projects are at varying degrees of completion

around the globe. With so many countries – including

China and the US – dependent on coal-fired power, it is

inevitable that CCS will form part of the solution to hitting

CO2 concentrations of 450ppm. In 2008, for the first

time, the IEA’s World Energy Outlook report included CSS

as a technology that would be viable – and important –

by 2020.

CCS is an early-stage technology. While it can be

profitable in some cases, for example when combined

with enhanced oil recovery (EOR) or where a levy on CO2

emissions is in place (such as Norway), adding CSS to

conventional power generation projects does not

currently make economic sense (see Figure 27). 

Using the technology available at the moment, CCS

increases the plant’s overall costs by as much as 85%

and significantly reduces its overall efficiency because of

the extra energy required to run the capture equipment.

While it is accepted that CCS can reduce fossil fuel

emissions, CCS’s substantial cost has so far deterred

large emitters from developing large-scale CCS projects.

Instead investment has gone towards smaller scale

projects that will serve as a springboard for development

if a more stringent carbon reduction policy makes CCS

economically viable.

18 million tones (Mt) CO2e were injected in 2008,

equivalent to the CO2 emissions of 1,385MW of coal-fired

generation (approximately 3 large coal-fired power

plants)

Policy Status and Gaps

Key drivers for CCS include national and/or regional

emissions standards (restricting how much CO2 and

other greenhouse gases power generators and industries

can emit); subsidies that help bridge the gap between the

cost of installing and running CCS, and the time when it

Table 11. Geothermal – Economic Overview

Potential Scale 10GW currently installed 24.5GW 
potential capacity by 2030

Market Readiness LCOE = US$ 33-74/MWh

Project Returns n/a

Source: New Energy Finance

Figure 26. Global Commissioned and Developing Geothermal

Capacity, Jan 2008: MW

Source: New Energy Finance

Note: Labels denote installed/developing capacity in MW
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Table 12. Carbon Capture and Storage –

Economic Overview

Potential Scale 18 MtCO2e injected in 2008, 
equivalent to CO2 capture from 

1.4GW generation

Market Readiness The viability of CCS is entirely 
dependent on the existence of the 

carbon markets and CO2 price

Project Returns n/a

Source: New Energy Finance

Figure 27. Global Commissioned and Developing Geothermal

Capacity, Jan 2008: MW

Source: Statoil

becomes economically viable (or imperative) to run the

technology; and carbon trading systems, which put a

transparent value on CO2 emissions and allow emitters to

capitalize on reducing their CO2 emissions

The United Kingdom government has taken a lead in

encouraging the construction of the first utility-scale

project by setting up a contest whose prize is up to

100% of CCS retrofit to capture at least 90% of

emissions on 300 MW of an existing coal-fired power

plant. Bids have been submitted and are under review.

Technology Gaps

The big challenge for CCS is establishing its technical

and economic feasibility. Once a stable carbon price is in

place and CCS is viable on a large scale – both in terms

of CO2 stored and the cost of doing so – the industry will

take off. As the most expensive part of the CCS chain,

carbon capture is a focus for research and development

investment.

Within the overarching goal of cutting costs, technology

is needed to understand the long-term behaviour of CO2

in different subsurface geological environments. The goal

of this research is to certify that CO2 injected will be

stored safely and securely over geologic time, and to

ensure proper credit can be given to those that store,

rather than emit, CO2. CO2 storage research is also

designed to win public acceptance of CCS.

Potential Bottlenecks

Identifying sites suitable for CO2 storage, where injection

points can be made, and also, at the other end, plants

suitable for capture. Although there are enormous

potential global reserves for CO2 storage, the number of

sites suitable as actual injection sites is considerably less. 

Building a CCS infrastructure is another potential

bottleneck. If a CCS industry is to take shape, thousands

of kilometres of CO2 pipeline to go from source to sink,

or connect to a CO2 pipeline network, must be built. 90%

of all installed CO2 pipelines are in the US, although 81%

of announced CCS projects are in other countries,

highlighting the scope for investment in building CO2

pipeline.
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