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By 2030, if the world acts decisively
on climate change, the market for carbon
reducing technologies could
be comparable to those for major
commodities such as wheat and
steel today.
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no representations or warranties regarding its reliability, accuracy or completeness. Any ideas or opinions expressed
in the report are entirely those of its authors and do not necessarily represent the views of Shell.

Executive summary

The purpose of this report is to extend understanding both
of the role which small and medium-sized businesses (SMEs) play
in tackling climate change and of the extent to which UK business
is harnessing this global opportunity. This report is the third
of a series commissioned by Shell Springboard, a competition
which gives a financial boost to innovative, commercially viable
business ideas that tackle climate change.
A clear message that emerges is that the world needs low carbon
innovators. Global policy-makers setting ambitious targets for
reducing carbon emissions or expanding alternatives to fossil fuels
are beginning to draw the scale of the challenge into sharp focus.
In 2008 the European Union announced a target to source 20%
of its energy needs from renewables by 2020. The resulting
expected increase in consumption of renewable energy
is equivalent to the current final energy consumption* of the United
Kingdom. The UK itself is on the verge of undertaking to reduce
its carbon dioxide emissions by 60% on 1990 levels by 2050,
which is a reduction equivalent to nearly twice the current
emissions from UK businesses. According to some commentators,
the world needs to halve its greenhouse gas emissions (compared
to 1990 levels) by the middle of this century.
Demand for low carbon technologies will largely be determined
by the nature and strength of government intervention to reduce
carbon emissions. The sheer scale, complexity and uncertainty
of the social and economic processes driving emissions levels
make long-term predictions of the size of the global market
for low carbon technologies a challenging exercise. However,
we can draw a rough estimate of its potential magnitude were
policies put in place in order to put the world on a path of climate

stabilisation. By 2030, if the world acts decisively on climate
change, the market for carbon reducing technologies could
be comparable to those for major commodities such as wheat
and steel today. A rough estimate of the potential growth
in the UK market for low carbon technologies can be inferred
from the UK’s policy targets. The rate at which reductions have
to be achieved suggests a market compound annual growth rate
in the UK up to 2020 of about 30%. For comparison, at the height
of the late nineties technology boom, global sales of personal
computers experienced compound annual volume growth rates
of 15–20%.
The potentially massive opportunities for investment in a major
emergent market are easily recognisable, and the innovative low
carbon technologies of the future are already drawing significant
interest from investors. 2007 was a record year for investment in
sustainable energy worldwide. Venture capital (VC) and private
equity (PE) investment alone in low carbon technologies in 2007
totalled $4.6 billion (£2.6 billion) in the EU and $5.3 billion (£3
billion) in the USA. By far the greatest growth in investment over
the period 2004 to 2007 occurred in the EU.
The UK is a global frontrunner in attracting VC/PE investment
in low carbon technologies, second only to the United States.
Overall VC/PE investment in renewable energy and energy
efficiency technologies in the UK was $1.9 billion (£1.1 billion)
in 2007, more than twice that of any other European country,
and 41% of the EU total. This leading position also holds true
when SMEs alone are examined: the UK attracted a conspicuous
share (43%) of VC/PE investment in European low carbon
SMEs between 2006 and quarter one 2008. On a per capita

* Total energy consumed by end users (households, businesses and so on).
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Executive summary continued

basis, the UK received the most VC/PE investment in low carbon
technologies of the USA, UK, France, Germany and Spain.
As might be expected, investment in low carbon SMEs
is dominated by renewable energy, in particular wind, with
marine, biomass and solar power also seeing significant
investment. Of other technologies, power storage and demandside energy efficiency have recently seen the most investment.
Investment figures were markedly higher for 2007 than in 2006
(sometimes as much as four or five-fold) in every sector examined,
although the impact of the credit crunch is discernible in the
figures for the first quarter of 2008. As this report goes to press,
the financial sector is experiencing its most challenging conditions
for decades. It is too early to tell to what extent this will affect the
outlook for low carbon investment. It could alter the willingness
of investors to back new ventures and the level of political
ambition to tackle climate change.
Small and medium sized businesses enjoy a reputation for
developing and specialising in radical technologies which can
challenge or even replace incumbents. It is essential that risk-taking
innovators who can develop promising low carbon technologies
continue to thrive. Low carbon innovation will continue to play
a hugely important role in efforts to mitigate climate change
for the foreseeable future, and the achievements of low carbon
innovators should be celebrated as this process unfolds.
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Foreword

More energy and less CO2. That is how we summarise what
we at Shell have termed the ‘energy challenge’. How the world’s
energy system changes over the next half century in response
to that challenge will matter a lot to all of us, and to future
generations.
This challenge is made tougher by the rapidly growing demand
for energy as many large countries enter the most energy intensive
phase of economic development. Supplies of easily accessible
oil and natural gas will not keep up with demand, so we must use
energy more efficiently and increase use from new sources
of energy to avoid large increases in CO2 emissions.
Meeting the energy challenge will require new and innovative
technologies. The small business sector has long been a source
of innovation. That’s why Shell set up the Springboard programme.
It supports a number of small businesses each year that have
products or services that can help tackle climate change. It gives
them a no-strings financial boost.
Against this background we commissioned research to give further
insight into the future markets for low carbon technologies.
As this report shows, some of the findings are encouraging about
the progress already made by British industry. The report also
highlights the scale of the opportunity still to be realised by British
industry as a whole.

James Smith

Chairman, Shell UK
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01:

The magnitude of carbon reductions
which will be required over coming decades
to stall serious climate change
is a halving of global annual emissions

by 2050

Introduction

1.1 Background
This is the third of a series of reports commissioned for the
Shell Springboard Awards for innovative low carbon businesses.
The 2006 report examined opportunities for low carbon
entrepreneurs, and the 2005 report surveyed small business
attitudes to climate change. This report shows that UK small
and medium-sized businesses (SMEs) are playing a global
role, channelling investment into the development of low-carbon
technologies.
Shell Springboard gives a financial boost to innovative,
commercially viable business ideas that tackle climate change.
The programme encourages a positive business response
to the challenge of climate change by providing a no-strings
financial boost to small business with innovative products and
services that could help reduce greenhouse gas emissions and
really make a difference. By doing so it raises awareness of
current examples of successful low carbon innovation which
deserve a wider platform.
This report shows the role which small and medium-sized
businesses (SMEs) play in tackling global warming. It sketches
a picture of the scale of future markets for low carbon technologies
on the basis of current and expected climate policy, and
depicts some of the opportunities for low carbon investors and
entrepreneurs. It contains exclusive new data on recent trends
in the financing of SMEs which are developing carbon-reducing
technologies (henceforward referred to as ‘low carbon SMEs’).
The report presents the distillation of a wealth of reference
material by Vivid Economics, peppered with case studies from

the Springboard awards programme, and draws upon bespoke
new investment data from New Energy Finance. It is hoped that
the report will be of interest to investors, actual and potential
entrepreneurs and the policy community alike.
The themes of the report are as follows.

1.2 Market outlook for low carbon technologies
Much of this report is dedicated to envisaging the size and
nature of the market for low carbon technologies in the
medium-to-long term (with medium term meaning up to 2020,
and the long term, beyond 2020).1 The magnitude of carbon
reductions which will be required over coming decades to stall
serious climate change is a halving of global annual emissions
by 2050 according to some commentators.
This is a massive requirement for investment in low carbon
technologies. Unlike other markets where demand is ultimately
driven by individual preferences, demand in the low carbon
technologies market will be largely determined by the nature
and strength of government intervention to reduce carbon
emissions. Therefore, the success of the strategies of both low
carbon SMEs and their investors is dependent on anticipating
how policy will unfold.
However, the policy framework for reducing carbon emissions
in the medium-to-long term is still evolving, with significant
uncertainty remaining on both how and whether international
carbon trading mechanisms will proceed beyond 2012, the
reductions which countries will commit to, and the possible
extension of obligations to further countries.

The Race to Capture the Carbon Pound |
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This report examines the outlook for investors in low carbon
SMEs in the short, medium and longer term. Section 2 considers
the long term uncertainties through a review of scenario analyses.
The importance of technological innovation is a strongly emergent
theme. Section 3 examines recent major developments in climate
policy in the UK and EU and explores how these might shape
the market for low carbon technologies in the medium term
(up to 2020), and it presents startling data on recent trends
in the financing of low carbon SMEs.

1.3 SMEs as innovators
While some claim that significant decarbonisation is possible
with existing technologies, the political will to seek emissions
reductions will undoubtedly be stronger the more cheaply,
easily and assuredly reductions can be made. Such improvements
can only be achieved through technological innovation and by
creating the right conditions for innovative companies to bring
their ideas to fruition.
SMEs, i.e. businesses with fewer than 250 employees,
play an important role in innovation. They enjoy a reputation
for developing radical or disruptive technologies2, bringing
a type of innovation to market which is less often seen within
larger firms and the public sector. This is brought about partly
through self-selection, because individuals with ideas for radical
technologies are more likely to benefit financially from their ideas
by owning the output within an SME, rather than being paid as
an employee. It is also partly brought about because an SME
vehicle is suitable for a high risk and high reward venture. Many
entrepreneurs who have competed for the Shell Springboard

10 | The Race to Capture the Carbon Pound

Awards (‘Springboarders’) have moved into an SME environment
in order to take forward their innovative ideas.
SME innovations are often specialised, focusing on developing
a product or product niche. Within their niche, they face the
challenges of securing customers, their intellectual property and
finance. The typical Shell Springboarder has developed and
secured its intellectual property and is faced with its next task
of improving the commercial attractiveness of its product and
of building a customer base, which demands finance.
Boxed case studies of Springboarders who have faced these
challenges are scattered throughout the report.

1 N
 ote that this report focuses on the market for low carbon technologies,
as opposed to what is often thought of as the ‘carbon market’, i.e. the market
for carbon allowances. Only some of the market for low carbon technologies
will be driven by obligations placed on firms by tradable permit schemes a whole range of other policies, such as building regulations, fiscal incentives
and transport policies will also come into play.
 ‘disruptive’ technology is one which dramatically alters existing markets
2 A
by swiftly gaining market share over existing technologies or even rendering
them obsolete.

Case Study - Inspecs
Fresh thinking on alternative fuels
to the thoroughly destructive (terminal overheating
of the engine). Although engine systems which can
circumvent these problems have been emerging for
10 - 15 years, according to Inspecs managing director
Chris Smith, previous technologies have relied too heavily
on assuming the engine will ‘telepathically’ work out what
fuel mix it is dealing with.
Inspecs was set up in 2006 to develop the Optimiser
which is able to co-fuel diesel engines with precision.
The first product (mixing LPG and diesel) is now a proven
technology at the commercial phase and typically reduces
the CO2 emissions of a diesel lorry by 12% and fuel costs
by up to 25%.

Inspecs’s G-volution Optimiser illustrates the type of lateral
thinking that start-ups have a reputation for being good at.
Instead of designing a car to run exclusively on liquefied
petroleum gas, hydrogen or biofuels - which may represent
too much of a leap into the unknown for many drivers –
why not design an engine control system which can mix
any of these fuels with diesel? The result is a control system,
suitable for retrofitting, which delivers a precise mix
of fuels into the engine’s cylinder head, maintaining
consistent engine performance, resulting in both carbon
and cost savings.
The addition of quantities of different fuels without precision
could have effects ranging from the vexing (mild knocking)
to the highly problematic (wrecking the catalytic converter)

The company faces a challenge in the UK from the
conservatism of some drivers and owners, and
a lack of infrastructure for alternative fuels. According
to Smith, the correct long-term strategy for dealing with
this problem is to encourage both fuel distributors and
drivers (particularly hauliers) to see the financial benefits
of fuel mixing. Arguably, it may be easier to encourage
infrastructure to grow by ‘weaning’ drivers onto alternative
fuels through mixing them with diesel rather than
advocating a wholesale switch. In addition, markets
in countries with more advanced progress in switching
from fossil fuels - such as Scandinavia and Brazil - offer
promising prospects.

02:
Scenarios which anticipate
decarbonisation under moderate
to high economic growth...
emphasise the importance of high rates
of investment and innovation
in technology.

The longer term

Let us start by looking far ahead and by taking a global
perspective. Whereas there is now clear direction in some
areas of climate policy in the EU in the medium term, other
parts of the world have made fewer commitments.

Scenarios are not a prediction of what is likely to happen
in the future. They depict pathways to outcomes, describing
the way in which many different factors and variables may
shape the outcome.

The successor to the Kyoto Protocol is scheduled to be agreed
at the 15th Conference of the Parties to the UN Framework
Convention on Climate Change in Copenhagen toward
the end of 2009, although these timetables have slipped
in the past. An emissions trading scheme is under discussion
in New Zealand, is being put in place in Australia, and
one in the US is looking increasingly likely. Close
to home, the UK has proposed a legally binding target for
reducing its carbon dioxide over the long-term, discussed
in Section 2.3.

In the climate change arena, scenarios place figures
on emissions reductions within a narrative of factors. This helps
investors to see which factors may influence the success
of their investment strategies.

Uncertainties arise not just from government policy.
The long-term nature of the problem and the sheer scale
and complexity of the social and economic interactions
lend themselves to the use of scenario analysis.

2.1 Global scenarios
Overview

The use of scenario planning has become increasingly
widespread in areas where large uncertainties and complexity
are unavoidable. The reason is that organisations which
plan against a range of future possibilities are best placed
to weather uncertainty and unforeseen events. Scenarios are
descriptions of potential future states of the world against which
strategies can be tested.

What types of world will successfully decarbonise?

Over thirty different scenarios from nine different organisations
were reviewed for this report. While it is not possible
to summarise them here, some common themes can be presented.
The scenarios cover a huge range of assumptions on the behaviour
of governments, economies and societies in reaction to climate
change, described both quantitatively and qualitatively, and almost
all under considerable uncertainty (presented in Appendix 1).
Global population is a strong determinant of emissions, with
greater affluence generating counteracting demographic trends
of longer lives and smaller families. High economic growth, high
energy use, carbon-intensive scenarios are generally used
to illustrate business-as-usual in a world without concerted effort
on climate change. The Intergovernmental Panel on Climate
Change’s (IPCC) A1 Fossil Intensive (A1FI) scenario (IPCC, 2000)
is an example. Scenarios which anticipate decarbonisation under
moderate to high economic growth, such as Shell’s Blueprint (Shell,
2008) or the IPCC’s A1 Technology (A1T) scenario, emphasise
the importance of high rates of investment and innovation
in technology. Relatively few scenarios adopt an assumption of
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falling energy consumption, so most assume the use of low carbon
energy technologies rather than energy efficiency to achieve
carbon reductions. Note, however, that the UK Government’s has
recently expanded its drive to improve energy efficiency. Very few
scenarios assume low average economic growth (as long-range
scenarios, they assume typical long-term economic growth rates
irrespective of temporary recessions or booms).

Figure 1 can be thought of as a business-as-usual scenario.
We take our lead here from the Australian Government’s current
review of climate change policy, the Garnaut Review, which
described the A1FI scenario as ’the [scenario] most likely
to be closest to the twenty-first century reality in the absence
of any effective mitigation’ (Garnaut, 2008). The A1 Technology
scenario envisages an economically open world with high rates
of technological innovation. By contrast, the IPCC’s B2 scenario
family emphasises localized, collective solutions to climate change
and low international cooperation and mobility (IPCC, 2000).

Examples of the different emissions outcomes which emerge from
scenarios are illustrated in Figure 1 comparing three of the IPCC’s
illustrative scenarios. The A1 Fossil Intensive scenario shown in

Figure 1: Three scenarios illustrating the range of outcomes from the IPPC series
500

Global annual emissions (percentage of 1990 levels)

500

400

A1 fossil intensive

A 1 fo s s il in t e n s iv e

400

300
300
B 2 l o c al is e d /c o l l e c t iv e

B2 localised/collective

200
200

A1 technologically innovative

100
100
A 1 te c h n o l o g ic al l y
in n o v at iv e
0

0
2000

2000

2008

2020

2008

2020

2040

Y e ar

2060

2080

2040

2060

2100

Year

Note: The scenarios taken from the IPPC’s Special Report on Emissions Scenarios were formulated in 2000
Source: IPCC (2000)
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The longer term continued

Narratives in which nations or regions are more self-reliant,
localized or inward-looking, have higher emissions in the
long term. This corresponds with the intuition that favourable
conditions for technological innovation are key to combating
climate change successfully.
Back-casting

Backcasting depicts a state of the world likely to arise from
a set of drivers and trends. It is an instrumental approach which
calculates how much of a reduction in greenhouse gas emissions
is required in order to stabilise their concentration in the
atmosphere. It may then describe the pathway, in terms
of types of policies and/or socio-economic trends, which
would be required to achieve that level of emissions.
Recently back-casting exercises have been undertaken by the
US Climate Change Science Program (USCCSP, 2007) and Sir
Nicholas Stern in his Key Elements of a Global Deal on Climate
Change (Stern, 2008). Stern writes that an acceptable, equitable
level of emissions requires all countries to aim for 2 tCO2e per
capita total greenhouse gas emissions by 2050. This would require
a halving of global annual emissions by 2050, and a reduction
in developed countries of about 80–90% on 1990 levels,
followed by continuing reductions.
The results of such ambitious back-casts do not agree well with
the emissions levels emerging from scenarios. As shown in the
previous section, even scenarios assuming a moderately optimistic
level of emissions reductions, such as the IPCC’s A1T scenario,
imagine global carbon dioxide emissions of about 70% of 1990
levels by 2100 - fifty years after Stern’s recommendation

The IPCC scenarios are striking
in that those scenarios in which
emissions are eventually lower
emphasise the importance
of both international cooperation
and international mobility
of technologies and ideas.
Innovation is a strong driver
of reduced energy intensity
of the economy.
The Race to Capture the Carbon Pound | 15
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of 80 - 90% reductions - and emissions double those of 1990
levels in 2050. Figure 2 compares Stern’s recommendations
with the IPCC’s A1FI and A1T scenarios.
The chart shows a wide gap between the path that is deemed
to be necessary to stabilise the climate and one of the IPCC’s most
optimistic scenarios, the A1T scenario, suggesting that the range

of anticipated outcomes is not sufficiently ambitious. In response,
climate change policy ought to become more aggressive over
time, and if it did, it would create demand for investment in low
carbon innovation, expanding the opportunities for SMEs.

Figure 2: Comparison of two IPPC scenarios against Stern’s back-casting approachseries
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Note that Stern (2008) discusses greenhouse gases as a whole, not just carbon dioxide. The figure shows what would happen if carbon dioxide emissions were reduced proportionally according to Stern’s recommendations. In reality, it may be the case that certain greenhouse gases will be reduced in higher proportion than others.
Source: IPCC (2000) and Stern (2008)
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Case study - Vykson
Using innovation to develop untapped resources
from reducing the need for fossil fuel combustion. Typical
savings over a year for a turbine running on 20% methane
concentration are 4,900 tCO2e.

(Vykson is the brand name and trademark of Turbine
Developments Ltd) Developing untapped non-fossil-fuel
energy resources is high on the wish list of those concerned
with climate policy. That is exactly what Vykson hope to do
with their novel landfill gas turbine technology.
The potential for generating electricity from the combustion
of landfill gas has been understood for some years. However,
conventional gas engine and turbine designs are unable to
work once the concentration of methane in the waste gas
decreases below about 30%. The challenge is then to use
gases of lower quality and lower concentrations, enabling
power generation that would not otherwise be possible.
The potential greenhouse gas savings are twofold: both
from stopping the methane entering the atmosphere, and

While incremental improvements on existing designs have
led to the 30% threshold, Vykson’s approach is to design the
turbine from scratch to work at lower concentrations. Due to
the larger quantities of gas which are required for operation,
a specialized combustion chamber and gas compression
process are required. A prototype has already been
demonstrated as able to function at concentrations as low
as 12% methane. Additional benefits include an enhanced
ability to cope with impurities and reduced maintenance costs,
thanks to operating with fewer moving parts. Vykson believe
their product has potential far beyond landfill gas, and that
further applications include low calorific gases from mining,
flare stacks, anaerobic digesters and other biofuels.
According to Managing Director James Oakley, a key
problem facing low carbon start-ups is securing the funding
to catalyse demonstration and commercial uptake once the
key elements of research and development are in place.
Prizes such as Shell Springboard can help during this phase.
However, as landfill gas generation is currently considered a
mature technology, innovations which could exploit additional
resources can sometimes be overlooked by policy design.
The scenarios in which we can envisage products such
as Vykson’s flourishing are those in which policy provides
sufficient certainty, self-consistency and flexibility to reward
technologies which reduce greenhouse gases other than
carbon dioxide, and which may be off policy-makers’ radars.

The longer term continued

2.2 P
 otential size of global market
for carbon reductions

of carbon reductions in 2030 necessary to achieve the Stern
path is shown alongside a selection of commodities.

It is difficult to predict the size of the global market for low
carbon technologies in the long term. However, we can relate
its size to the estimates of emissions reductions that would put the
world on a path of climate stabilisation. Let us suppose that future
policies divert the emissions path from the A1FI scenario and onto
Stern’s path. This provides us with a high estimate for the potential
size of the global market for carbon reductions.

In this comparison, we estimate the value of the commodity
produced by multiplying the bulk traded price of the commodity
multiplied by the quantity produced annually. The value of coffee
produced every year globally is around $16 billion (£8 billion)
at the present time. The value of copper produced is around $160
billion (£80 billion), wheat is around $500 billion (£250 billion)
and steel is around $1,100 billion (£550 billion). Oil is a much
larger market, at $4,500 billion (£2,250 billion). Since commodity
prices have risen in recent months, we show current prices
generating value estimates at the top of a range, with a lower end
of the range being depicted as an arbitrary figure of half as much.
The chart shows that by 2030 the market for carbon reducing
technologies has the potential to be of comparable magnitude
to those for major commodities today.

By 2030, the world would have had to move away from business
as usual (see glossary) emissions of 15.2 GtC/year (thousand
million tonnes of carbon per year) to emissions of around 5.7
GtC/year, a reduction of 9.5 GtC/year. If the unit cost
of reducing emissions is between $20 and $100/tCO2, this
would equate to a total annual cost of reducing emissions
in 2030 of between $700 and $3,500 billion/year (£420
to £2,100 billion/year).3
This is greater than the current annual value of global sales
of wheat or steel, as explained below, and about 1–5%
of current (not contemporaneous) world GDP. The investment flows
that would be triggered would be even larger, since much of the
cost will be up-front capital expenditure, if tough policy action is
taken over the next ten years. This estimate can be compared to
a recent estimate that investment in the renewable energy sector
is set to expand to $600 billion a year (£360 billion) by 2020
(UNEP and NEF, 2008).
Such large figures are tangible when compared to the size
of current global commodities markets. In Figure 3, the annual cost
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 ote that US dollar to pound sterling conversions for future projections in this
3 N
document are calculated with the average exchange rate over the past twenty
years, $1 = £0.60, rather than the current exchange rate. Contemporaneous
exchange rates are used for past or current periods.

The longer term continued
By 2030, the world would have had to move away from business
as usual (see glossary) emissions of 15.2 GtC/year (thousand million
tonnes of carbon per year) to emissions of around 5.7 GtC/year,
a reduction of 9.5 GtC/year. If the unit cost of reducing emissions
is between $20 and $100/tCO2, this would equate to a total annual
cost of reducing emissions in 2030 of between $700 and $3,500
billion/year (£420 to £2,100 billion/year).
Figure 3: C
 limate stabilisation in the form of carbon reductions would comprise a major economic
sector by 2030 compared to the size of today’s commodity markets
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2.3 UK long-term emissions reductions
The UK has recently proposed a legally binding target for
reducing carbon dioxide emissions over the long-term. The
Climate Change Bill, which is due to become law by the end
of 2008, will set annual targets for the reduction of carbon
dioxide emissions until 2050, and will also set targets for sectoral
reductions, energy efficiency, renewable sources, combined heat
and power and microgeneration. The provisional4 figures are
a 60% reduction on 1990 emissions by 2050, and a 26%
reduction by 2020, as shown in Figure 4.

be achieved by 2020, resulting from current UK policies plus the
achievement of the UK’s subsequently agreed and ambitious EU
renewables target, described in more detail in Section 3.2.2.
What this chart shows is both the scale of the challenge ahead
and the fact that less optimistic estimates of the effects of current
policies will lead to the Climate Change Bill target being overshot
in 2020. Consequently, we can expect further attempts to stimulate
low carbon technologies as the Government grapples with these
obligations. The implied size of the low carbon technologies
market in the medium term is discussed in Section 3.3.

By 2050 the UK would need to reduce its emissions below
business as usual5 by roughly twice the amount
of current emissions from all UK businesses.
The solid line to 2050 in Figure 4 shows the Climate Change
Bill’s long-term target, while the dotted lines show the estimated
trajectories of current UK policies, as outlined in the 2007 Energy
White Paper (EWP), described further in Section 3.3. The grey
dotted lines after 2020 show how emissions would subsequently
have to fall in order to meet the 2050 target. The steep line ending
in 2020 shows the maximum possible reductions which might

4 T he new expert body set up by the Bill to assess how the UK can meet its
targets, the Committee on Climate Change will examine whether the 2050
target can be increased to an 80% reduction.
5 About 160 MtC by 2050, or roughly the same as 1990 levels (BERR, 2007b).

By 2050 the UK would need to reduce its emissions below
business as usual by roughly twice the amount of current
emissions from all UK businesses.
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Figure 4: T
 rajectories for UK carbon dioxide emissions (under low, central and high fuel price
assumptions up to 2020)
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Case Study - Polysolar
An innovative way to make photovoltaics more attractive
Polymer photovoltaics are essentially ‘light-emitting
diodes in reverse’; semi-conducting materials which
produce an electric current when they absorb light.
The key to applying this technology, according to Watson,
is to protect the polymer from the elements. The type
of polymer used can otherwise be degraded by moisture
or oxygen. Polysolar is achieving this by encapsulating the
thin polymer layer between two sheets of glass to create
a transparent tinted window.

Polysolar was established after founder, Hamish Watson,
saw the commercial potential in a technology developed
by researchers at Cambridge University’s Cavendish
Laboratory that had been sitting on a shelf for a number
of years. Polysolar is developing photovoltaics made from
polymer semiconductors similar to those used in the latest
flat screen TVs and flexible electronics, rather than the more
conventional silicon.
This gives them a clear advantage, literally. The resulting
transparent solar cells can be used to replace glass in
building construction, therefore avoiding both the labour
costs of installing separate solar panels (thus improving
their commercial viability), as well as any unwanted
aesthetic impact from conventional designs.

The market potential for building-integrated photovoltaics
such as Polysolar’s results partly from regulation, and partly
from the increasing competitiveness of the product itself.
In the UK, the Merton Rule, for example, which stipulates
that new buildings over a certain size must produce 10%
of their energy requirements from renewables, has certainly
helped to advance a market which would otherwise
be developing more slowly. Feed-in tariffs introduced
in countries such as Germany have also stimulated
the development of photovoltaic technology.
The scenarios in which polymer photovoltaics flourish,
are those in which energy demand remains high, raw
materials such as oil remain available, but significant
decarbonisation is achieved through a policy mix
of clear carbon pricing and building regulations.
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2007 was a record year for global
investment in sustainable energy,
total investment growing from
$93 billion in 2006 to $148 billion

The medium term

3.1 Introduction
Policy environment in the medium term

The previous section looked beyond current climate policy
at scenarios of the scale of global action that may be needed
to stabilise the climate. In this section, we look at policies up
to 2020 which will drive demand for low carbon technologies,
innovation and financing activity.
In the medium term, the UK is in the process of setting itself
binding carbon reduction targets for 2020. Meanwhile,
the EU6 has recently set targets for energy efficiency and
renewables up to 2020.
Medium-term policy direction for low-carbon investment
is strengthening, but there is still much policy uncertainty.

Before doing so, it is worth putting these data in a wider context.
There has been significant investment in low carbon technologies
across a range of funding sources and for larger companies
as well as SMES over the period examined.
2007 was a record year for global investment in sustainable
energy 6, total investment growing from $93 billion in 2006 to
$148 billion (£50 to £74 billion) in 2007 (UNEP and NEF, 2008).
The drive from government policies seeking carbon reductions was
complemented by high oil prices.
VC/PE investment alone in low carbon technologies (of companies
of all sizes) in the EU in 2007 totalled $4.6 billion, (£2.3 billion)
compared with $5.3 billion in the USA (UNEP and NEF, 2008).
Globally, the USA is the largest single country destination for this
investment, followed by the UK, France, Germany and Spain.

Medium-term policy direction for low-carbon investment
is strengthening, but there is still much policy uncertainty.
2007 was a record year for global
low carbon investment

This section also examines recent trends in the forms
of finance likely to be of most relevance to a typical low
carbon start-up similar to those that apply for the Springboard
Awards, namely, venture capital (VC) and other forms of private
equity (PE). It examines detailed data provided by New Energy
Finance on VC/PE investment in European low carbon SMEs over
the period 2006 to the first quarter of 2008.
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6 T he types of investment examined in UNEP and NEF (2008) and described
by the term ‘sustainable energy’ are slightly different from those presented
here. See UNEP and NEF (2008) p5 for a definition.
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2007 was a record year for global investment in sustainable
energy, total investment growing from $93 billion in 2006
to $148 billion (£50 to £74 billion) in 2007 (UNEP and NEF, 2008).
The drive from government policies seeking carbon reductions was
complemented by high oil prices.
By far the greatest growth in low carbon technology investment
over the period 2004–07 occurred in the EU. On a per capita
basis, the UK received the most VC/PE investment in low carbon
technologies of the USA, UK, France, Germany and Spain.
This experience of record investment during 2007 was also shared
by SMEs. Overall European VC/PE investment in low carbon SMEs
was $854 million (£427 million) in 2007, over twice as high as the
$342 million invested in 2006. The figures were markedly higher
(sometimes as much as four or five-fold) in every sector examined.
The impact of the credit crunch

The credit crunch is likely to dampen this trend. The figures for the
first quarter of 2008, $108 million (£55 million) invested, indicate
that the hitherto upward trend may have begun to stall, although
it is too early to tell what the full picture is.
During this time of exceptional strain on the global financial
system, the financing of low carbon SMEs is unlikely to be exempt.
However, since the prospects for the low carbon technology sector
are shaped more by government policy than direct consumer

demand, and government policy reacts slowly, the low
carbon sector may be less exposed to a downturn in the
economic cycle than many others.

3.2 Policy in the European Union up to 2020
European Emissions Trading Scheme

The EU Emissions Trading Scheme (EU ETS) is a cap and trade
scheme which has been in operation since 2005 and covers the
most carbon-intensive aspects of European industry, including
power generation, cement, iron and steel, and paper, altogether
comprising 46% of the EU’s total annual carbon dioxide emissions.
It is due to run in its current form until the end of the first Kyoto
commitment period in 2012.
Proposals to expand and reform the EU ETS into a third trading
period running from 2013 to 2020 are now taking shape.
A 21% reduction in EU ETS sector emissions compared to 2005
is expected by the end of this period, representing a reduction
of about 125 MtC, or roughly the carbon emissions of Italy.
The scheme will also be expanded to new industries such
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as aluminium, as well as to new gases (nitrous oxide
and perfluorocarbons) in addition to carbon dioxide.
Renewable energy and energy consumption

In January 2008, the European Commission announced
the Renewable Energy and Climate Change Package,
a set of proposals aiming to establish greenhouse gas and
renewable energy commitments for all Member States.
The term ‘renewable energy’ encompasses electricity, heating
and cooling and transport – it does not exclusively signify
electricity generation. By this definition, renewable energy
currently comprises 8.5% of the energy consumed in the EU.
The biofuel target builds on previous national targets on use
of biofuels in vehicles up to 2010 set out in the Biofuels Directive.
The targets set out in the Renewable Energy and Climate
Change Package are as follows (by 2020):

• 2
 0% reduction in primary energy consumption through
energy efficiency measures;8

If the renewables target becomes enshrined in a Directive,
as proposed, these targets will catalyse rapid growth
in markets for technologies related to energy efficiency,
renewables and biofuels.
In addition, the Energy End-Use Efficiency and Energy
Services Directive sets targets for all EU Member States to reduce
final energy consumption by 9% over the period 2008–2016.8
The Directive’s target is indicative and does not entail a legally
enforceable obligation, although some countries, such as the
UK are planning to exceed it. Figure 5 shows the magnitude
of the effect of these measures in terms of the reduction in annual
energy consumption and the increase in annual renewable
production implied, and compares them with the annual final
energy consumption of the UK and Netherlands for scale.
This gives some idea of the magnitude of the change.
The increase in EU renewable energy production which is required
in Europe is roughly the size of the energy needs of a populous
country such as the UK.

• 2
 0% reduction in greenhouse gas emissions
(compared to 1990 levels);
• 2
 0% share of renewables in overall EU energy consumption;
• 1
 0% biofuel component in vehicle fuel.
Note: The term ‘renewable energy’ encompasses electricity, heating and cooling
and transport - it does not exclusively signify electricity generation. By this definition,
renewable energy currently comprises 8.5% of the energy consumed in the EU.
The biofuel target builds on previous targets on use of biofuels in vehicles up to 2010
set out in the Biofuels Directive.
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7 Although it is not clear what baseline year this is in comparison with.
8 It is not clear how this ties in with the more ambitious target outlined in the Renewable Energy and Climate Change Package, and it should be noted that the latter
refers to primary energy consumption while the Energy End-Use Efficiency and
Energy Services Directive refers to final energy consumption.

The increase in EU renewable energy production which is required
in Europe is roughly the size of the energy needs of a populous
country such as the UK.
Figure 5: E
 nergy reduction and increased renewable production in the EU, compared to 2005,
implied by recent or proposed Directives
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Note: the left hand columns refer to energy targets by two dates, 2016 and 2020, reflecting the different timing of European policy on energy consumption
and renewable energy supply
Source: Vivid Economics adapted from Eurostat data and EC (2008)

In proportional terms, the countries which will have the biggest
task in increasing their share of renewables are Denmark (15.4%
to 30.1%), the UK (1.3% to 15.2%) and Ireland (3.1% to 16.5%).
Figure 6 shows how energy generated from additional renewables
to meet the whole European Renewable Energy and Climate
Change Package is due to be divided up between the different
Member States. Unsurprisingly, the bulk of emissions reductions

are to be found in G8 economies and populous countries,
although Member States will also be given the option of achieving
their targets by supporting the development of renewable energy
in other countries.
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Figure 6: Indicative distribution showing how increases in the share of renewable energy
in overall EU energy consumption by 2020 will be split between different Member
Greece
Scandinavia (excl. Norway)
& Austria

6%
Germany & Spain & Portugal

Germany & Austria

20%

11%

Italy

2%

12%

14%

France

7%
Low countries

13%

15%
UK & Ireland

Post-2005 Members
& Austria

Note: The chart shows the shares of the EU’s increase in renewable energy consumption expected from each Member State (or group of Member States). ‘Renewable energy’
encompasses electricity, heating and cooling and transport.
Source: Vivid Economics adapted from EC (2008)
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Case Study - Green energy options
Helping consumers to save energy
which encourage each individual to use energy efficiently,
with results on display, for example, on a school website.
Although it is difficult to estimate typical energy savings
because of the variety of different buildings which use
the product, the company estimate that savings of about
23% are representative, and above 15% is certainly
feasible for the majority of users.
In addition, the company is working to improve the
customer display on smart meters, not unreasonably
suggesting that an indecipherable set of dials hidden
in the downstairs cupboard is not all that likely to engage
householders’ interest in monitoring their energy use.

Green Energy Options’ basic insight is that people must
be engaged with energy saving technology in order
for it to become part of their lives. ‘You can’t just throw
technology at people’, says company co-founder Simon
Anderson, ‘you have to help them understand it’.
In response, Green Energy Options have developed
a range of energy monitoring systems for homes,
businesses and schools which make it easy to see
where energy is being used and how it can be reduced.
The company has taken particular pains to make the
process interesting and fun for children by introducing
characters in the display panel whose mood and behaviour
change according to energy usage. The ultimate hope
is for users to build up local community energy networks

Anderson says that introducing a new product into a new
market while also manufacturing the product in the UK
has been challenging, but the company has nevertheless
been able to raise considerable financial backing.
Springboard has helped with this process. It provided
that extra bit of reassurance, that a product which made
it past a vigorous competitive screening process, would
prove commercially viable.
The scenarios in which ideas such as non-industrial
energy monitoring equipment will thrive are those
in which householders and individuals are motivated
to take responsibility for reducing their energy usage.

The medium term continued

3.3 The market for emissions reductions in the UK
The most recent detailed indication of where the UK Government
expects emissions reductions to be made within the UK was
provided by the Energy White Paper of 2007.
This provides a summary of the results of the then latest UK
energy and carbon emissions projections, based on all
government measures announced at the time, and under
assumptions of low, central and high future fossil fuel prices.
Under current policies, the UK will have to save 22–32 MtC
per annum by 2020. This is roughly equivalent to the annual
carbon emissions of Greece.
The Energy White Paper also indicated where the sources
of emissions reductions might be made over the next decade,
as shown in Figure 7.
It can be seen from this that the bulk of emissions reductions were
expected from the power generation sector. However, at the time
the Energy White Paper was written, the UK’s renewable target
under the EU Renewable Energy and Climate Change Package
was undetermined. As a result, an assumption of 5% of the UK’s
energy consumption being met through renewables in 2020 was
made, as opposed to the target of 15% that the UK has now
signed up to. We estimate that a further 13 MtC per annum9
of reductions can be expected by 2020 if the target is met,
which has been added to the chart as ‘additional renewables’.
A massive expansion of renewable electricity generation capacity
in the UK over the next 12 years can be expected, but there has
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Under current policies, the UK will
have to save 22-32 MtC per
annum by 2020. This is roughly
equivalent to the annual carbon
emissions of Greece.
been much speculation that the renewables target will still
not be met. The UK has the biggest catch up in Europe in terms
of renewables under the package, from 1.3% in 2005
to 15% in 2020.
In addition to market opportunities in renewables, technologies
and services which assist utilities to increase the efficiency of their
fossil fuel power generation, as well as encourage their domestic
and industrial customers to reduce energy consumption, are likely
to be prominent.
A simple estimate of the market size for low carbon technologies
which these reductions would entail is included on the right hand
axis of Figure 7, calculated by multiplying the reductions
by a possible carbon price of £20/tCO2.
This estimate is rather conjectural, and is likely to be an
underestimate, given that sales of renewable electricity can
be estimated to be already approaching £1 billion per year.10
Assuming successful renewables policies are put in place, we can
expect to see substantial growth in the UK market for low carbon
technologies over the next twelve years.

The medium term continued

Figure 7: S
 ource of UK emissions reductions by sector to 2020 inferred from the 2007 Energy
White Paper and subsequent EU renewables target
3000
The renewables commitment
is a substantial increase in
planned emissions reductions

30

13.2

2500

1.7

2000

additional renewables
other
road transport

20

residential

6.7
1500

3.9
1000

10
power stations

0
2010

2012

2014

2016

2018

16.1

Estimate of market size (£m per year)

Estimate carbon reductions (MtC per year)

40

500

0
2020

Year

Notes: The bottom four segments on the chart are derived from figures provided by the UK Government’s 2007 Energy White Paper. Reductions expected to be purchased from
abroad though emissions trading are excluded, while a high energy price estimate is used. The top segment labelled ‘additional renewables’ is an estimate of additional reductions
if the UK meets its target under the Renewable Energy and Climate Package.
Source: BERR (2007) and Vivid Economics

The scenario in Figure 7 shows a compound annual growth rate
in market value of about 30%. For comparison, at the height
of the late nineties technology boom, global sales of personal
computers experienced annual volume growth rates of 15–20%
(Sheriff, 2001).

9

T he current proportions of coal, gas, oil, electricity and renewables contributing
to UK final energy consumption are outlined in BERR (2008a). The 13MtC figure
is estimated by examining the differential effect on UK carbon emissions
of increasing the proportion of renewables to 5% and 15%, while decreasing
the proportion of other fuels, using standard carbon conversion factors.

 urrent retail price of electricity is about 6-10p per kWh, depending on whether
10 C
industrial or domestic consumer; current annual renewable generation is about
13.7 TWh (Source: BERR (2008a) and BERR (2008b)). Renewable electricity
is currently costlier per tonne of carbon dioxide saved than many other forms
of carbon-saving technology, hence estimates using carbon prices typically
found in carbon markets will tend to underestimate its market value.
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emissions reductions effected in the UK alone, by 2020, low
carbon technologies could be a major sector of the UK economy.

Figure 8 puts these carbon reductions into the context of selected
UK industries in the present day. At a carbon price of between
$20 and $100/tCO2, the potential annual cost of achieving UK
carbon reductions, and hence the size of the resulting market for
low carbon technologies, could be between £1 and £12 billion
per year.

3.4 Recent trends in low carbon SME financing
Technology sector breakdown

Detailed data on venture capital and private equity (VC/PE)
investment in European low carbon SMEs during the period 2006
to the first quarter of 2008, provided by New Energy Finance,

Recent values of sales by UK producers of selected goods are
shown for comparison. The chart shows that, on the basis of

Figure 8: C
 omparison of the potential market for low-carbon technologies in 2020 with present
day UK producer sales of selected goods
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At a carbon price of between $20 and $100/tCO2, the potential annual cost
of achieving UK carbon reductions, and hence the size of the resulting market
for low carbon technologies, could be between £1 and £12 billion per year.
gives insights into the types of firms active in Europe and in the UK.
Figure 9 shows the breakdown of this investment by technology.

11

These figures cover both technologies in development and those
which are already commercially viable. They exclude other types
of investment, such as initial public offerings or re-invested profits,
as well as investment of all types in large enterprises. As might

be expected, the low carbon sector is dominated by renewable
energy, in particular wind, with marine, biomass and solar power
also seeing significant investment. Biofuels received comparatively
little investment despite significant policy backing by the European
Union in the form of the Biofuels Directive. This may be because
biofuels, unlike wind or solar energy, can be shipped from
suppliers elsewhere in the world.

Figure 9: V
 enture capital and private equity investment in European SMEs during 2006, 2007
and the first quarter of 2008, split by location
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11 U
 nless ‘EU’ is explicitly stated, throughout Section 3.4, ‘Europe’ is defined
as the European Economic Area plus Switzerland.
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In individual sectors the numbers of investments can be quite low,
giving rise to volatile trends. Nevertheless, power storage saw
a three-fold increase in investment between 2006 and 2007,
from $13 million to $53 million, even excluding a large one-off
investment of $63 million in electric vehicle marker Th!nk Global.
Investment in fuel cells and hydrogen SMEs increased by 173%,
going against a global trend of a reduction of 53% in investment
in fuel cells over the same period.
Energy efficiency demand side technologies such as lighting,
heating and air conditioning systems showed strong growth from
2006 to 2007, and the early indications for 2008 are that the
level of activity is being maintained. In controls and sensors, two
large deals, CamSemi ($24 million in 2007) and Norstel AB
($26 million in 2008) boosted the totals.
Solar exhibited a proliferation of small investments in early-stage
technologies, with eleven deals of $2 million or under over the
period examined. Among the technologies were solar cells and
wafers, solar concentrators and dye-sensitised cells. There were
two large deals, $30 million in 2006, by G24 Innovations,
for a manufacturing facility, and a further $20 million in June
2008 for the same company and purpose.
UK is the primary European destination for investment
in low carbon SMEs

The UK is the largest single country destination for VC/PE
investment in low carbon technologies after the USA.
Overall VC/PE investment in renewable energy and energy
efficiency technologies (of all size companies) in the UK
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was $1.9 billion (£1.0 billion) in 2007, more than twice that
of any other European country and 41% of the EU total
(UNEP and NEF, 2008).
This high level of investment is apparently despite the UK’s low
proportion of its energy needs met through renewable energy,
further discussed below.
This overall picture is replicated when investment in low carbon
SMEs alone is examined.
The UK attracted $556 million (or 43%) of the $1.3 billion VC/PE
investment in European low carbon SMEs during 2006–2008Q1.
This includes 55% or 45 of the total number of 81 investments

Overall VC/PE investment
in renewable energy and energy
efficiency technologies (of all
size companies) in the UK
was $1.9 billion (£1.0 billion)
in 2007, more than twice that
of any other European country
and 41% of the EU total
(UNEP and NEF, 2008).
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in renewables SMEs. Referring again to Figure 9, the only sector
for which UK investment represented a less than 30% share was
wind, a sector in which Germany and Spain are by far the largest
markets. In fact, there was ten times more investment in wind
in the rest of Europe than in the UK. Desarollos Eolicos raised
$131 million of private equity while Electrawinds raised $71
million and Sway SA raised $26 million. This is a more mature
sector, and correspondingly the investment in it is late stage VC
and private equity.

at only 1.3%, compared to 20–40% in the best performers
such as Sweden and Austria. There are several reasons for this
apparent discrepancy. The most important is that the data
do not include project finance for large renewables installations;
SMEs are primarily engaged in the development of cutting edge
products, not in the routine installation of infrastructure. For this
reason, the high investment in SMEs involved in marine power,
for example, is independent of the fact that this is not yet an
economically viable form of renewable generation in the UK.

The high UK investment portrayed in this analysis shows the
importance of the UK’s SMEs within Europe. Fifty-nine percent
of the deals were in UK companies over the period 2006 to first
quarter 2008. The most extreme example is the controls and
sensors sector, where eight deals were in the UK and only three
in the rest of Europe. However, UK deals tend to be smaller in size
than those on the continent. Early-stage VC deals averaged $2.5
million in the UK in contrast to $6.5 million in Europe, although
mid-stage and private equity deals were larger.

Secondly, the investment figures examined exclude debt
financing, reinvested profits, capital raised through the public
equity market, corporate acquisitions and government grants,
as well as investment of all types in larger companies. If there
were higher levels of subsidy for renewables innovation in other
European countries, it would reduce the need for external finance.

The UK secured its largest investment share in marine technologies,
where it pulled in finance from mid-stage VC through to private
equity. It concluded fourteen deals with only one other in the rest
of Europe. The particularly large proportion of investment in the
UK marine sector reflects the UK’s uniquely large potential marine
resource and the presence of the European Marine Energy Centre
in the Orkney Islands.
It may seem surprising that the figures for investment in UK low
carbon SMEs are so high, given that the UK has one of the lowest
shares in Europe of its energy being provided by renewables,

The UK attracted $556 million
(or 43%) of the $1.3 billion VC/PE
investment in European low carbon
SMEs during 2006–2008Q1.
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Case Study - Hydro Venturi
Spin-off benefits from cutting edge technology

HydroVenturi’s initial idea for low head hydropower has
budded in a new direction since its involvement with
Shell Springboard in 2007. It discovered an unexpected
application for its product which has opened up an entire
new market.
The company’s original concept was to take forward a
technology developed at Imperial College London for
exploiting low head hydropower sites. These are sites where
the height difference between the source and outflow water
bodies is too small to generate cost-effective electricity using
a conventional turbine. HydroVenturi has found a way to
create a pressure drop as the water speeds up (using the
Bernoulli effect). It sucks air into the water flow via an air
turbine and turns a generator in the process. This radical
new approach to generating electricity
from water dropping in height has the additional benefit
of eliminating the need for moving parts under the water,
both slashing capital and operational expenditure and
reducing fish mortality rates.

36 | The Race to Capture the Carbon Pound

The technology’s spin-off application is the oxygenation
of the water, speeding up the decomposition of organic
wastes, which means that it can be used for water
remediation and treatment. This can be achieved
at the same time as power generation, or separately
from it. According to Executive Chairman, Harvey West,
water remediation is set to become as, or possibly even
more, important for the company in the near term than
hydropower, not least because of an increasingly stringent
regulatory environment, for example in the EU since the
introduction of the Water Framework Directive. Newer
versions of the product should significantly reduce the energy
costs associated with water aeration. Couple these financial
and environmental benefits with the huge potential for low
head hydropower in the United States and many other
countries, and HydroVenturi’s prospects look bright.
West contends that the innovation utilised in HydroVenturi’s
suite of patented products solves a notoriously difficult
problem in the physical sciences—controlling the formation
of gas bubbles in liquids—making it genuinely groundbreaking, with the potential to be a truly disruptive product
in both the clean technology and renewable energy sectors.
Nevertheless, he also describes the company’s involvement
in Springboard as crucial in helping it see the future promise
in their product in areas other than hydropower. The benefits
have included helping the company identify a quicker and
more robust commercialization process and a real focus
of their R&D effort. This has led to significantly lower
financial risk for investors, quicker time to market and
greater choice of product application.
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Different investment stages

Figure 10 repeats Figure 9, this time showing the split between
VC/PE investment at different investment stages (see Appendix
2 for a definition and discussion of different investment stages).
Mid-stage VC dominates European low carbon technology
(excluding renewables) funding with $187 million or 46%
of the total invested in the period 2006 to 2008. The deals
were typically of the order of $10–15 million and were
of a similar size in all sectors. Later rounds of preferred
stock investment totalled the largest with $106 million
and $65 million respectively.
Demand-side energy efficiency received the largest amount of
early stage VC funding with $40 million between 2006 and
2008.
Early stage funding is smaller scale, with deals ranging
from an average of $6 million for demand-side energy
efficiency and wind technologies to just over $1 million for
services and contractors.
There was a particularly small amount of late stage VC funding
among non-renewable technologies - only $12 million, with
a very small number of deals.
Angels and private individuals invested in one project each
in solar and wind. Incubators invested exclusively in energy
efficiency demand side technologies and fuel cells, with four
investments in each sector. The number of deals in the UK,
although being a large proportion of the UK total, is still
relatively small. In the sectors attracting the most VC deals

over the period 2006 to 2008, there were eight VC-led rounds
in power storage and six in fuel cells and hydrogen. In all other
sectors the figures were smaller.
Of the deals which were disclosed, the Low Carbon Accelerator
reported the most (sixteen), Demeter Partners achieved six, and
Carbon Trust Investment also six; there were at least ten other
investors making at least three deals each, including BankInvest
Technology.
Unsurprisingly, private equity, which involves larger sums per deal
and lower risk, is not prominent for SMEs in many technological
sectors since SMEs deal in less mature, proven, technologies
and are generally not engaged in large infrastructure projects.
Furthermore, private equity may have been discouraged
historically by weak policy drivers in the case of low carbon
transport, and the absence of large infrastructure projects
in the case of energy efficiency technologies.
In addition, fuel cells are commonly regarded as some years
away from generating commercial revenues. Funding for SMEs
in these sectors is predominantly mid-stage venture capital,
with relatively insignificant amounts of late stage funding. Even
successfully deployed technologies such as wind, biomass and

Demand-side energy efficiency
received the largest amount of
early stage VC funding with $40
million between 2006 and 2008.
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The medium term continued

leading five deals between them. In 2008, the investment market
has become more concentrated. Venture capital led a full 67%
of deals with corporate venture investments taking up the
balance. Private equity and angels were absent. This change
in investor activity may be a further sign of the global crisis
in financial markets.

solar still attract significant quantities of early stage venture capital
funding to develop innovations.
This historical pattern may be about to be disrupted. 2006 saw
involvement from all types of investor. In 2007, venture capital led
38% of investment rounds. The corporate venturers Scottish and
Southern Energy and Schneider Electric Ventures were also active,

Figure 10: Venture capital and private equity investment in European SMEs during 2006, 2007 and the
first quarter of 2008, split by investment stage
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The medium term continued

Summary

Medium term EU climate change policies provide strong
indications of a large and growing market in energy efficiency and
renewables technologies up to 2020, although these policies vary
in the strength of the obligations they place on Member States.
Even countries which already source much of their energy needs
from renewables such as Austria and Sweden plan to massively
expand their renewables capacity. The bulk of the expansion (in
absolute terms) can be expected to take place in populous, large
economy countries such as Germany, France and the UK.
Unsurprisingly, Europe is already a major destination for
investment in low carbon technologies, both at the installation
and development stage. However, the amount of a country’s
energy needs which it already sources from renewables
is no indication of the amount of investment which its low-carbon
SMEs attract for product development. The UK continues to attract
a disproportionate share of VC/PE investment in European low
carbon SMEs, particularly in the marine sector, despite its low
share of energy derived from renewables.
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04:
In order to both reduce carbon
emissions and maintain

acceptable standards

of living, the carbon efficiency
of the global economy
will need to be improved
relentlessly, requiring the
ingenuity of innovators
and entrepreneurs.

Concluding remarks

Cheaper, more reliable, more convenient, low-carbon
technologies are what the world needs. Not only will innovative
technologies lower the cost of reducing emissions, they will also
add to the political feasibility of doing so. This in turn may help
to give national governments the confidence to commit to carbon
emissions targets.
If the ambitious scenarios to reduce carbon emissions set out
in this report are pursued, there will be great need and
opportunity for investment in low-carbon technologies.
• W
 ithin the European Union, policy is driving a large and
growing market in energy efficiency and renewables
technologies
up to 2020. Member States have agreed renewables targets
which, if met, will increase consumption of energy from
renewable sources in the EU by an amount equivalent
to the entire current energy needs of the United Kingdom.
• B
 y 2020, low carbon technologies could be a major sector
of the UK economy. The UK is unique in being on the verge
of committing to legally binding targets to reduce its emissions
by 26% by 2020 and 60% by 2050. On the basis of current
policies, the UK market for low carbon technologies in 2020
could be of comparable magnitude to current UK production
of major staple goods such as paper and bread.

reduction targets proposed in Sir Nicholas Stern’s recent
publication Key Elements of a Global Deal on Climate
Change were to be adopted.
These examples show the scale of the opportunity and the
need for investment. The UK’s low carbon SMEs have been
attracting a large share of the available investment recently.
Unfortunately, the global financial system is currently going
through an exceptionally tumultuous period. However, UK low
carbon enterprises are well-placed to continue benefiting from
the opportunities the future market in low carbon technologies
promises. The UK is the second largest single-country destination
for venture capital/private equity investment in low carbon
technologies in the world, after the United States; and, as the
Springboard Awards demonstrate each year, is home or host
to much outstanding entrepreneurial talent.
In order to both reduce carbon emissions and maintain acceptable
standards of living, the carbon efficiency of the global economy
will need to be improved relentlessly, requiring the ingenuity
of innovators and entrepreneurs. Some of this century’s most
important products may emerge from today’s low carbon SMEs.

• A
 rough estimate of the size of the future global market
for low carbon technologies can be inferred from the
path to climate stabilisation. By 2030 the market for carbon
reducing technologies could be comparable to those for
major commodities such as wheat and steel today if the
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Vivid Economics was established in 2006. It achieves lasting
beneficial impacts for society by improving market function and
the delivery of public goods, through clear vision, client-focused
communication and sound economic frameworks and evidence.

New Energy Finance is the world’s leading independent provider
of research to investors in renewable energy, biofuels, low-carbon
technologies and the carbon markets. The company’s research
staff of 80 (based in London, Washington, New York, Palo Alto,
Beijing, New Delhi, Tel Aviv, Cape Town, São Paulo and Perth)
tracks deal flow in venture capital, private equity, mergers and
acquisitions, public markets, asset finance and carbon credits
around the world.

Partnership with clients is central to our philosophy. We develop
close working relationships with clients and promote the flow
of ideas with clients. We want our work to have lasting benefits
and our clients to excel.
Economics offers powerful discoveries. We select the tools
carefully and combine economics with other robust approaches.
Whatever the task, the goal is the same, from start to finish,
to create the best decision support that money can buy.
Our clients are major corporates, finance houses and government
departments, for whom we typically work on repeated
assignments each of several months duration.

The New Energy Finance Desktop is the world’s most
comprehensive subscription database of investors and investments
in clean energy. New Energy Finance’s Insight Services provide
deep market analysis to investors in wind, solar, biofuels, biomass,
China, VC/PE, public markets and the US. New Energy Finance
is co-publisher of the world’s first global stock-market index
of quoted clean energy companies, the WilderHill New Energy
Global Innovation Index (ticker symbol NEX). The company also
undertakes bespoke research and consultancy, and runs
senior-level networking events.
The New Energy Finance data service draws upon the output
of the New Energy Finance news service, plus information
collected by analysts conducting research projects, and
information provided directly by companies and organizations
concerned. The news service is based on information on deals
and projects obtained from interviews conducted by New
Energy Finance, from official announcements by companies
and organizations, from publicly available official documents
and websites, and from third party reports confirmed by New
Energy Finance.
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Glossary

A1 	A ‘family’ of scenarios described by the IPCC (IPCC,

2000) and characterised by rapid and successful
economic development and high international mobility.
Two specific scenarios within the group are the A1FI
fossil intensive scenario and the A1T scenario, which
emphasises technological innovation.

IPCC

Intergovernmental Panel on Climate Change

PE

Private equity

SME	Small-to-medium sized business; in the UK defined
as a company with fewer than 250 employees,
a balance sheet total of less than £11.4 million,
and a turnover of less than £22.8 million.

B2	A ‘family’ of scenarios described by the IPCC (IPCC,

2000) characterised by strong policy emphasis
on environmental protection and a decline in the
importance of international institutions and economic
interaction.

Business as usual

tC 	Metric tonnes of carbon. Prefixes: 1 GtC = 1 gigatonne of carbon = 1,000,000,000 tC; 1 MtC = 1
mega-tonne of carbon = 1,000,000 tC.

tCO2(e)	Metric tonnes of carbon dioxide. 1 tCO2 = 0.27 tC.

tCO2e is used to denote ‘tonnes of carbon dioxide
equivalent’ and is used to compare or aggregate
the global warming potential of quantities of different
greenhouse gases.

Description of a likely future state of the world in the absence
of policy action to tackle climate change.

EU ETS	European Union Emissions Trading scheme, a cap and

trade scheme regulating carbon dioxide emissions from
large emitters in the European Union.

EWP	2007 Energy White Paper released by the UK

Department for Business, Enterprise and Regulatory
Reform.

Final energy consumption

Total energy consumed by end users
(households, businesses and so on).

Primary energy consumption

Total energy consumed at source without transformation.
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VC

Venture capital

Appendix 1:
Global scenarios: a summary
The use of scenario planning has become increasingly
widespread in areas where large uncertainties and complexity
are unavoidable. Scenarios are schematic descriptions
of potential future states of the world that might arise from
the interplay of large-scale social and economic trends with
climate policy. A scenario is not a prediction, but a depiction
of a pathway to a potential outcome, describing the way
in which many different factors and variables may shape it.
Over thirty different scenarios from nine different
organisations were reviewed for this report. These scenarios
differ in geographical scope, timescale, purpose, focus on energy
use or on climate change impacts, and in many other respects.
Their most widespread use is in large-scale, official assessments
of climate policy, with scenario analyses by the Intergovernmental
Panel on Climate Change, International Energy Agency and Shell
being amongst the most well-known.
The scenarios examined cover a huge range of assumptions
on the behaviour of governments, economies and societies
in reaction to climate policy, described both quantitatively and

qualitatively, and almost all under considerable uncertainty.
Figure A1 (on page 46) shows the range of factors which were
considered in the scenarios reviewed, giving some idea of the
breadth of issues which these analyses encompass. A message
which emerges is the key role innovation is likely to play
in achieving decarbonisation.
The interplay of these myriad factors determines outcomes,
in terms of emissions levels and whether extensive decarbonisation
is achieved. Unsurprisingly, a set of highly divergent possible
worlds emerges from many scenario planning exercises.
The sheer number of different interacting factors and the divergent
outcomes which emerge from scenarios suggest that strategies
whose success depends on fixed long-term predictions coming
to fruition will be less successful than those that hedge over
a range of possible outcomes and keep their options open.
This is why governments spread risk by having a diverse policy
portfolio in the medium term encouraging different technological
options. As time unfolds it will become clearer which are the
mainstream investment opportunities, which the niche, and which
the redundant.
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Figure A1: Factors which drive scenarios in our survey

Source: Vivid Economics
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Appendix 2:
Finding the right investor
Overview

Pairing an SME with an investor is not simply a case of securing
finance and producing a viable business plan; both parties need
to be mutually comfortable with risk, management style,
experience, connections and networks. No matter what the
technology or innovation, the two will need to be well matched for
each of them to achieve financial and commercial satisfaction from
the venture. New Energy Finance describes the process below.
This is a process of mutual discovery. Contrary to received
wisdom, the investor does not hold all of the advantage; the SME
must also be comfortable with the credentials of the investor.
An increasing number of funds have become active in the clean
energy and low carbon space over the last few years. As the
market grows, more investors will be competing, resulting in ever
growing numbers of opportunities for an SME to choose the right
investor.
Before beginning the hunt for an investor an SME needs to take
stock of its situation and dispassionately assess the development
stage of its technology and its commercial progress. Once the
SME has identified its development stage, risk level and capital
requirement, it is better able to consider the type of investor or
fund to target. The questions which need to be answered in order
to obtain a clear view of its development stage include whether
it is still engaged in proof of concept, whether it has moved
on to a demonstration phase, and when it plans to begin
commercial sales.
In addition to information on degree of risk, development stage
and capital requirement, the investor will also need to assess the

skills of the management team. Similarly, an SME may
wish to consider the connections and experience of the investors.
Understanding the criteria different types of investors are seeking
to fulfil will help the SME in its search and improve its chances
of successful capital-raising. The criteria for collaboration
of both parties are summarised in Table A1 (on page 48).
The investor’s assessment of the details of the actual
proposal in terms of valuation, investment size, number of tranches
and board level involvement is an important process. However,
there are other less tangible aspects and skills which the
investors will contribute to the company. Part of their job
will be to guide the process of revenue growth and company
expansion and in this respect, the contacts and business
networks of the investors may prove crucial in facilitating
commercial progress.
An illustration of this feature can be seen in the BBC TV
programme ‘Dragon’s Den’ where entrepreneurs choose one
‘Dragon’ over another based on their previous experience or
contacts in a particular industry. For instance one of the ‘Dragons’
has experience in health clubs while another owns large stationary
chains making them valuable to entrepreneurs in those areas.
There is an increasing number of investors with experience in lowcarbon investments.
Another consideration is the management or interaction style
of the investors. For example, they might be ‘hands on’ or ‘hands
off’. The early stages of growing a company are fraught with
difficulty, and if investors and entrepreneurs do not see eye-to-eye
on management style, it makes the process that much more difficult.
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Appendix 2: continued

Table A1: Investor and SME criteria for collaboration
Investor criteria

SME criteria

Risk profile. Is the technology proven? Is there a risk that intellectual
property rights are not secured?

Prior experience of investors. What sorts of companies does the
group invest in?

What stage is the business at?

How involved should the investors be? Should the investors take
board positions?

How much capital is required?

What is the investors’ network or contact list?

Management team. Has the team worked together before? Have
they worked on a technology start-up?

How much capital do they have? If another funding round were
needed, would they be in a position to be involved?

What sort of technical experience is required? Does the
management team have these skills?
Source: New Energy Finance

The traditional home of the venture capital investor is northern
California, in the technology revolution of Silicon Valley. However,
numerous funds are active elsewhere. Investors with funds focused
on the UK include: The Carbon Trust, Low Carbon Accelerator,
Braveheart Ventures, Foursome Investment and Scottish Equity
Partners. Low Carbon Accelerator has been the most prolific
investor in European low carbon SMEs. It is located in Guernsey
and was floated in 2006 raising $86m. Carbon Trust Investment
Partners is also actively investing in UK-based companies;
its recent investments include power electronics developer
CamSemi and Natural Building Technologies Ltd.
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Investor types
Incubators, private individuals and angel networks

These investors fund the early stages of ventures. The technology
is often unproven and high risk, but the amounts of capital
required are small. Despite a larger appetite for risk, the investors
will still demand a clear business plan and good knowledge
of the product’s market potential. Investors in early stage ventures
are looking for higher risk and higher return; out of a portfolio
of companies they hold, only one in ten might become a profitable

Appendix 2: continued

of venture capital funding may be needed. However, investors
will be dissatisfied if extensive further funding is needed in the
early stages as their shares in the company will be diluted each
time new shares are issued.

venture. The management team is less important at this stage.
It may not even be in place: the company may be staffed
by heavily technical people. This type of funding is often
referred to as ‘seed’ funding, its purpose being to help get the
venture off the ground.

Private equity

Venture capital

Venture capital (VC) investors are looking for companies
with rapid and potentially exponential growth prospects. The
technology may still not be fully proven and commercial sales
may be little or none. A VC investor will provide equity capital,
but may opt for ‘preferred’ rather than ‘common’ shares1 in order
to release an enhanced share of the proceeds at the point of
sale. A ‘preferred’ share will also provide priority payment if the
company goes to the wall and the assets are sold. Several rounds

Private equity (PE) funds seek very low to no technology risk.
They typically inject large amounts of funding for the roll-out of
proven technology. An example is the financing of manufacturing
capacity or business expansion. There must be no doubt that the
technology or concept is fit for purpose and both commercial
agreements and sales should already be in place. Furthermore,
private equity investors look for companies with secure income
streams that can be used to provide leverage for debt financing.
The revenue streams are then used to repay the debt.

Table A2: Stage of involvement of main investor types
Technology stage

Angel, private
individual, incubator

Proof of principle



Demonstration



Pre-commercial sales
Commercial sales and
scale production

Venture capital - early

Venture capital - late

Private equity






 referred shares are a category of shares that rank above common shares.
1 P
The holders are guaranteed priority in the payment of dividends, which may
be paid at a fixed rate.



Source: New Energy Finance

1 P
 referred shares are a category of shares that rank above common shares.
The holders are guaranteed priority in the payment of dividends, which may
be paid at a fixed rate.
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Appendix 2: continued

Generalist versus specialist investors

In summary, an SME can attract investors by:

Generalist and specialist investors can be found in every stage
of investment. Generalists may invest large funds across all sectors
from biotech and information technology to clean energy, while
specialist funds will concentrate solely on one area such as clean
energy or a specific low carbon technology. Generalist investors
have the ability to syndicate deals to a wider audience through
diverse contacts and wider networks. They are willing to take
bigger risks. On the other hand, specialist investors have
an in-depth knowledge of the specific technologies and
consequently may have more forbearance with common
development pitfalls.

• K
 nowing the commercial benefits of their technology;

Summary

Interest in low carbon technology worldwide has increased
dramatically. Consumers, governments and investors have
all become interested and there is a climate of opportunity
in which SMEs can obtain funding and propel technologies
to market. In fact, valuations have been driven up as increasing
amounts of capital chase deals. However, it is advisable for
SMEs to be cautious of high valuations that create unrealistic
expectations, as these can cause difficulties during further
fundraising or public offerings.
Moreover, increased interest in a particular technology does
not diminish the need for sound business plans and commercial
knowledge. Knowledge of the commercial market and potential
for products and services is crucial, as is an understanding of
business pitfalls and weaknesses and remedies to surmount them.
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• Understanding the investment landscape;
• Accurately determining the development stage
of the technology;
• Understanding risk, such as whether the intellectual
property is secure;
• Identifying a solid revenue stream; and
• Choosing an investor with valuable networks of contacts.

Shell Springboard
Shell Springboard provides a financial boost to small businesses
from across the UK with innovative, commercially viable products
or services that address climate change. Since 2005, 25
businesses have been supported through the programme.
They are now all on a journey which will see them develop
their ideas further, bring new products to market, increase
their profit margins but most importantly help reduce greenhouse
gas emissions.
Are you one - or can you help us find them?
For more details please visit: www.shellspringboard.org
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