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Synthetic Fuels
USA (1979)
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Bio-ethanol Fuel
Brazil (1975)
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Motivation

Intervention

Lessons

Supported due to high predicted oil
prices, energy security benefits and
high capital costs

Synfuels are created by liquefying
coal and act as a oil substitute

Post 1979, oil prices were
predicted to increase rapidly and
make synfuels cost competitive

The process is expensive and gains !
were only expected in the long run
— this hindered private investment

! Access to the genome sequence would
 be restricted by patents if a private

L

I-Was a clean alrernahve power source-l

firm accomplished the sequencing first

1986 — invention of automated
sequencing machines made
deciphering the human genome
feasible

The data is of huge value fo drug
producers and medical research

Threat of a private company
patenting sections of the genome
ccce|emfed intervention

i but was uncompetitive in the 1970s

E

Inferest in wind power grew after
the oil crises highlighted energy
issues

Lack of efficient turbines, low
lifefime of generation assets and
limited appreciation of pollution
externalities meant private
investment in this technology were
limited

thanol is easily produced in Brazil

and can both regulate sugar prices as
well as increase energy security

1975 - Oil and sugar price shocks !

L

R&D support followed by large,
incentivised niche market deployment

.
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Government provided research
funding in the 1950s-70s, but low
oil prices limited development

1980-1986: large niche market
deployment supported by
government subsidies

Goal of 0.5 million barrels by
1986 and $12.2 billion (1980$)
initial budget

government programme raced
againsta prlvaie venture to complete
' the sequencing

Government funding estimated at
$5.6 billion (20109)

1990 — Project officially begins with
completion date of 2005

1998 — Celera Genomics begins
sequencing, public effort intensified
2000 — Drafts announced, public
programme is ahead by 3 days

2003 FU|| re|eose

ifferent approaches by different
countries— Denmark regarded as the
most successful

US: large subsidy programme
delivered capacity, but unreliable and
led to market crash

Denmark: focus on supporting small
scale turbines, knowledge sharing
and market support

Germany: R&D focus on large
turbines, but no significant market
support, hence litle demand for
unproven and unreliable technology

Ethanol subsidies, agricultural R&D

funds and supportfor ethanol vehicles
at varying levels over time

in the 1970s led to the “ProAlcool”

programme

Innovation in upscaling ethanol
production and increasing usage
rather than producing ethanol itself

Support for development and

deployment of ethanol only vehicles !

and “flex-fuel” vehicles

IL

Mandatory fuel blending of ethanol
with gasoline creates demand

Incentivised supply with low interest
loans and guaranteed prices

Grants provided for agricultural
research to increase crop yields

1986 — Guaranteed ethanol prices
reduced below average cost of
production due fo oil price collapse

]

IE
1

i Shows the need for flexible goals and
' policy in response to new
circumstances

Oil prices already falling when
niche market deployment just
begun

1985 — projects produce only 2%
of 1986 targets

1986 — Project cancelled, total cost

of $4.5 billion (2010%)

I-Tht-zre can be value in government

' replacing private sector funding, but
 the benefitto society mustbe clear

.
'

JL

1 rThere needs to be support across
stages and communication between

The economic impact of the HGP to
2012 has been valued at $965
billion

For this style of intervention to be

justifiable the project must have
unequivocal benefits

Argument that competition helped
HGP come under budget and 2
years. ohead of schedule

agents for effective deployment

JL.

Germany spent 5 times more on
R&D than Denmark up to 1990 but
achieved no notable wind capacity.

The Netherlands created a
competitive market that dlscourcged
knowledge sharing

The US had a booming market

J
1

J

=

driven by large subsidies, but a |oc|<

of standards hampered rellobllny
and led a market crash

Exposure to market forces drives cost
reductions and supporting technologies !
can be essential for success

JL

1980 — beliefs of increasing oil

prices meant no concentrated effort |

was made to improve efficiency

Post 1986 — subsidies were rolled
back, leading to cost reductions
across the production chain

Post 2004 —
cars re-energises the programme

introduction of flex-fuel |
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Barriers to innovation

Case for Public Intervention
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Wind power has large positive externalities (energy
security and cleanliness) and the high capital features of
power generation assets reduces incentives for private
innovation

[ -

High capital longevity of generation assets limits research
Low furnover rates means incentives fo research wind capacity '
was limited as the technology would be adopted slowly ‘

Energy security and carbon externdlities
Less exposure fo international price shocks and reduced
carbon emissions

Initial limited ecosystem of investors
Large utilities were envisaged as the only potential adopters,
creating a small set of investment preferences and less demand

Governments appreciated the potential positive

externalities and that private innovation would not occur

for a technology where deployment is very likely to be
slow u

Governments have the required long run time-horizon fo carry
out innovation in technologies with high capital longevity

Positive externdlities are not internalised by private actors,

*1 which reduces the incentive for private agents fo invest

compared o the socially optimal level

Governments can induce a richer ecosystem with market-
based policies and incentives that what would exist naturally

(Denmark)

—

-

R High capital longevity causes slow adoption
f% SO It took around 20 years affer initial research
8 programmes for wind capacity to reach 10% of total
5 20% A Germany capacity in Denmark and Germany.
:\o; 10% - Private agents do not have long enough time horizons
2 to support such long run innovations, whereas
i 2 0% i . i governments do.
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Barriers to innovation

Case for Public Intervention

=
Ethanol fuel is generally more expensive than imported oil
and carries social benefits that the private sector attaches

-—

[ =
Governments can concurrently create demand and supply,

creating new markets to drive desired changes in fuel

ittle wei ) usage for societal gains

littl ght gef tal g

— - -
 Lack of supporting infrastructure 1 The private benefit of such infrastructure is small, hence 1
; The pumps and pipelines required to distribute pure ethanol > governments nee address instances where supporting

' Th d pipeli ired to distribuf thanol t d to address inst h fi

! fuel did not exist pre-1975 1 infrastructure does not exist

R R e == e r g T AR 7 S
J Energysecurityclnd price regu|uﬁon exfemulity | Posﬁlve exiernahhe.s are ‘not |nterr!a||sed by prlvc.te actors,

{ : ; . - o - } > which reduces the incentive for private agents to invest

] Less exposure to international price shocks is a societal gain ; 2

s - o S ] compared to the socm"y ophmcl level

[ e ' )
: No clear demand for eihqmlfuel . 2 ; ] Government can induce demand through market-based ]
. Ethanol can be blended with gasoline in small amounts with " olicies and mandafes 1
 no effects but there was less incentive to do so pre-1975 P

I 30 1 100%

20 A

Production

I|||Il ---II|
; : " "

1990 1995 2000 2005

o
L

Ethanol Production (Billion Litres)

1980 1985 2010

|_01975

Ethanol production scaled up in response to blending
mandates and ethanol car uptake which created
demand

67% From 1975-1985, ethanol production increased by a

factor of 20 and nearly tripled between 2000-2010.

The main drivers behind this was creation of demand
through fuel blending mandates, favourable taxation
and support for ethanol/flex-fuel cars.

33%

The private sector would not otherwise have incentives
to supp|y ethanol fuel when cheqper imported

Ethanol /Flex-fuel % of New Car Registrations

0% gasoline exists as a perfect substitute.
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Barriers to innovation

Case for Public Intervention

— - - =
The private sector began sequencing in 1998 — 8 years Governments funding ensured free, public access to

S after the initial public projectbegan and once techniques fundamental information that spawned new areas of

2 had been established and data released medical research and genomic industries

a S - - -

o~ Misaligned Incentives: Large private value but larger social value ' The public US programme steoped up its efforts affer Celera

O Significant profit could be made by patenting the information, puo progr = Sy P

O »n 5 ietal Gains in allowinalt Fibeink . - Genomics stated its intentions in order to ensure free access to 1

c3S ut greater societal gains in allowing free use of the information the genome sequence

g to drive future medical innovation and research ey eq

>

Ao

| High, changing risk

once rapid sequencing was proven feasible

—

|
HGP discussed since | Celera Genomics

1980s | announces a

I competing
Rapid sequencing | programme in 1998
’echno|ogy first X

available in 1986

Market deployment

Work begins in 1990

r

| Even though Celera Genomics concurrently undertook the

Wl S s elonsainy Slfes sl doprecls o) » project, it is unlikely that their sequencing would have been
‘ uncertainty — Celera only joined the race 8 years after the start Rl Y q 9

. possible without using the released data from the public effort

Initial Drafts No private backers at the R&D phase
2000-2003

The initial level of risk and capital requirements of the
project in the R&D phase was too large for private
agents to take on.

1

Only dfter initial data was released and the feasibility
of the project was proven was a private firm willing to
engage in the project.

—
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Barriers fo innovation

Case for Public Intervention

Synfuels plants are exiremely capital intensive and profits
i are dependent on high oil prices that are only redlisficin
! the long run ;
bl

28| EEEaE ST R T T R
“5 o | 1 High capital intensity

5 = | | The average cost of the 6 plants built during the programme

= S | ' was $0.81 billion i
) L Y

| Positive Externdlity: energy security benefits

! Less exposure fo international price shocks is a societal gain
1 S e e s
.

i H"igH‘Risk;p‘r;f;fdépenae‘n;(;'ri |c;ng run01|pr|ce increases 1
| Synfuels are a substitute for oil and consequently require high *
! oil prices to be profitable
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' Government can bear the high capital costs, has a long
| time horizon and attaches great weight to the public
 benefit of higher energy security

' Few firms have the necessary capital fo research and deploy

" synfuel technology

 Positive externdliies are not internalised by private actors,
> which reduces the incentive for private agents to invest

' compared to the socially optimal level )

! This adds high uncertainty as well as a long fime horizon for |
»| payoffs — only public bodies have the required long-term view
' to fund the project

T

The oil price projections in different Annual Energy Outlooks
shows the large amount of risk tied to synfuels.

Large Uncertainty Prevents Private Investment

High oil prices are required for synfuels to make economic
sense, but forecasts changed significantly year-on-year. Thus,
the economic benefit is foo uncertain to incentivise private
investment.

Government appreciates the social value of energy security, 1
which is a cerfain gain, that makes them more willing fo fund |
the project i

-
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lGnoyation 1) Wind generation has been researched since the 19* century _l
Pathway Given greater importance following oil crises in 1970s
Innovation Delivered 2) 1 9705 Establishment of research and formal standards
(4] Riso National Laboratory — researched and certified turbines
Allowed for effective knowledge sharing between users,
manufacturers and researchers
Focus on small, reliable designs with upscaling later

Deployment

3) 1980s: Niche market creation and support
Subsidy system, favourable taxes and supporting policies
(wind mapping, grid connection regulations etc.)
+ “Wind Cooperatives” encouraged where communities
shared a wind turbine — increased dissemination

Research

4) 1990s-2000s: Scaling up
Increase in wind’s % of total generation from 3% in 1995 to
18% in 2005 and then to 41% in 2014

| Increasing Social Value +  Consistent development of larger capacity turbines |
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Innovation
Pathway

Deployment

Research
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1) Wind generation has been researched since the 19* century I
Given greater importance following oil crises in 1970s

Innovation Delivered 2) 1970s-1980: Research and initial use of large-scale turbines
[4) +  R&D focus on large turbines without strong market support
Low demand/incentives for unproven, unreliable technology
1983 — Growian Turbine: 3MW, largest in the world but only
420 hours operation over 5 years

3) 1990s: Switch to Danish model
Manufactured turbines based on the Danish designs —
benefited from technology transfer and know|edge spi||oners
1990 — Feed-in tariffs and priority dispatch introduced for
renewables

4) 2000s: Renewable subsidy programme bolstered

Adoption of more comprehensive subsidy programme — wind
now accounts for 20% of total capacity
Gradual lowering of subsidies and switch to tender system for

L

Increasing Social Value new installations
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I_lnnovcrion 1) 1925-1956: Synfuel research first conducted _I
Pathway +  Pilot plants shut down in 1950s due to high costs

SlowFailure 2) 1970s: Oil Crisis, research into synfuel production technologies
+ Brent spot price rises from $14 to $37 from 1978-1981
EIA predicts trend to continue ($60 by 1990s), making
synfuels viable for the future

Deployment

@ 3) 1980 -1985: Synfuel production target set, 6 contracts awarded
President Carter criticised for lack of response to oil crisis —
@ potential nudge to implement large-scale project
500,000 barrels per day target by 1987 — no consideration
for oil prices in this target
+  Oil prices peaked in 1980, fell each year after but fenders
still consistently issued — lack of flexibility

Research
®

4) 1986: Oil price crash and termination of the project
@) - Oilfell to $14in 1986
Less than 2% of 500,000 barrel target produced
I_ Increasing Social Value + Total expenditure of $4.5 billion (2010%) _I
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Interventions Outcomes
Synfuel R&D h ! ! Production targets not achieved and project cancelled
& ynS:eercﬂ rerseezer?:;\co:c;ocg:l:rsﬁlnfs ith new processes | (Ool2 8 oR) 0 irgen oflg o nillion bairel: |
ERI R ey P duced, project cancelled in 1986 |
N funded throughout the 1960s and 70s b RrecessERiEsiese =t i
E =t $7.6 billion of funding : Knowledge creation — technology spill overs :
= I 1+ Around 66% of global syngas capacity uses the :
:>;:> Issue of tenders with subsidy support (1979) " technologies adopted in the US programme ‘
* Initial 2-phase plan with $88 billion funding i+ Price guarantees allowed years of data and
+ Only $4.5 billion spent before project was shut down | experience to be gathered on these new technologies
6 projects funded — supported with loans or price . .
| Created an aversion to future large-scale demonstration
guarantees ' " . ]
' ! projects in the US _I
Learnings
60 1 ® AEO 1982 Policy needs to be flexible in response to _I
@ AEO 1983 changing circumstances )
50 A !
i Each year predicted oil prices fell and it was
@ AEO 1984 clear synfuels would not be beneficial or
Y/
® AEO 1985 necessary in the medium ferm.

w
o
L

Tenders continued unabated and the hard
production farget remained— new plants were
approved each year from 1981-1985

True Oil Price
20 A S

QOil Price (Current $ per Barrel _I
S
o

10 A
Learnings did arise — a shift in focus from

0 ' . ] . capacity deployment to demonstrating and !
| 1975 1980 1985 1990 1995 testing may have been more beneficial "I
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Bio-ethanol Fuel
Brazil (1975)

Interventions

Ovutcomes

1

' Blending mandates
Consistently around 20% ethanol blending since 1978

! Fixed ethanol prices for producers and consumers

Reduced below the average cost of production in 1986
Deregulation for different types of ethanol in 1997 and

1999, but indirectly supported via high taxes on oil

Agriculiural R&D budgets
| Formation of Empbara in 1973, a state-owned agricultural
i research firm

i Favourable taxing for ethanol vehicles; Low-interest loans for
. distilleries; Infrastructure for pure ethanol

3

; Large increases in ethanol production and usage

i+ 28 billion litres of ethanol produced in 2010, roughly

30% of the world’s total

!» 19.2% of road energy use was ethanol in 2014

compared to 0.5% in 1975

! Gradual fallin costs — cost of ethanol production has
' more than halved

| Estimated total net subsidy of $35-$136 billion since
1 1975 depending on dollar base year chosen

. d L

Lecrnings

I_Ethanol Production Cost (2005%$ per Iitre)_l

=
N
,

o
©
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Production

r 30

r 20

Market forces should be used to drive learning
and cost reductions

After price guarantees were tightened in 1986,
a period of marked efficiency improvements
began

Production costs fell by 45% from 1985-1995

Ethanol Production (billion litres)

04 10 compared to just 16% from 1975-1985
P Total production remains relatively consistent
LA H during this period — economies of scale are not
oo Jeell_ HHHHEENNANAOAANEN HENNAARAANN 0 the obvious driver of these efficiency gains
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Human Genome Project
USA (1990)

B 15 HGP HHRIRME T HRABUFRRB K ER &, EREBTERER]
(REFHa)

Interventions

Outcomes

1

Fl'oto| funding of $5.64 billion from the Department of
Energy and National Institutes of Health.

Increased funding over time, possibly due to competition
from the private sector.

600
450
300

150

Yearly US Federal Funding (2010$)

0
1988 1990 1992 1994 1996 1998 2000 2002 J

Learnings

If an innovation is of fundamental importance, there is
good reason for governmentto directly compete with the
private sector

There was a clear opportunity for the government to hand
over the project to the private sector and make use of
market forces

Concerns around possible patenting led to the public

I—The economic impact of the HGP to 2012 has been valued —I
at $965 billion

Continued public funding into human genomic research
$7.2 billion of post HGP Federal funding from 2004-2010

Advancement of genomic sectors

+  Employment in relevant areas nearly doubled from
1993-2000, increasing by around 13,000
The 3 years leading up to the release of the full genome
sequence in 2003 also saw employment increase by

around 13,000
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Interventions Outcomes

_I I_Denmark _I

Successful early deployment, now the single largest type
of generation (41% in 2014)

R&D support in the late 70s and 80s
Differing levels of support and focus on different scale
turbines if different countries

88

Lg & | | Supportvia feed-in tariffs and loans for market creation Germany

2 = | | Denmark and the USA had a wide-range of subsidies Initial failure, but recognised failings and by switching to !
2 8 | ! encouraging take-up the Danish model has built significant wind capacity since !
£0 '
20

Development of standards and certification USA
The Riso Laboratory in Denmark created standards and

Large early deployment, but lack of standards led to
encouraged knowledge sharing

poor reliability, low confidence and a crash in the

Other market supporting activities st :’
A e e L PSS California had 90% of global wind capacity in 1986,
ppIng, g 9 J L but only 38% of capacity operated as intended J
Learnings
40% 4 Support across all stages is needed——l
—Denmark high R&D alone is not sufficient

30% -
—Germany .
Germany has consistently spent more

than Denmark on wind generation

10% - R&D has lagged behind on
/ deployment
0%

1975 1980 1985 1990 1995 2000 2005 2010 2015

20% A

Germany’s focus on large turbines and

1200 limited market support policies led to
000 poor reliability and low interest
- Denmark succeeded by developing

standards, encouraging knowledge

300 sharing at its National Laboratory and
providing a range of market support

0 " ; T v , " v ) po|icies

1976 1980 1985 1990 1995 2000 2005 2010 2015 |

I Wind R&D (Million 2014$ PPP) ~ Wind % of Total Generation I
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