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Increasing the Pace of Technology Innovation and Application: Enabling Climate Change Solutions

The timely deployment of existing
technologies, and innovation to develop

new technologies, is essential to meet the
world’s growing energy demand over the
coming decades. The pace of technology
change will be driven by multiple priorities
including development and the eradication of
energy poverty, the evolving geography of
energy resources and energy demand, and
the need to manage the risk of climate
change. Technological change has enabled
unprecedented growth of the world’s
economies, driven by economic needs and
scientific progress. Even with the enormous
rewards of technological progress, the pace of
major technological change has historically
been limited. Change between energy
resources (e.g. from wood to coal to oil and
gas) and major infrastructures (e.g. from rail to
roads to air) each have exhibited transitions of
roughly half a century for each step, from
inception to global deployment. For
technology change to be rapid enough to
enable effective management of climate
change risk may require a pace of change
that is a multiple of past experience. Actions to
make such a pace an option are critical.

The stabilization of carbon dioxide
concentration in the atmosphere implies that
carbon dioxide emissions, which are currently
rising, peak and then decline towards a very
small fraction of current rates. How soon and
how large the peak is related to the
concentration level, and would also be related
to the pace of technology change for such a
scenario. Uncertainty in the sensitivity of climate
impacts to stabilization level limits the basis for
stabilization level choice, however, uncertainty
also presents the risk that this sensitivity may be
strong. For the world’s energy system to change
to one with very limited emissions implies far-

Introduction

Executive SummaryThe creation of energy technology options to
meet the global demand for energy with low

greenhouse gas emissions is an essential
component of a risk management approach to
global climate change. To be effective, the pace
of deployment of commercially viable energy
technology is an additional, critical factor. This
workshop considered the range of actions and
policies to address energy technology in the
climate change context: their effectiveness, their
depiction in future scenarios, and their
implications for business. 

This workshop brought together policy makers
and experts from academia, business,
governments, and international and non-
governmental organizations to improve
understanding of how to increase the pace of
technology innovation and application.   

The workshop focused on:
● energy outlooks and the pace of

technological progress;
● technology portfolio strategies to increase the

pace of innovation and application;
● opportunities and barriers to technology

innovation and diffusion; and
● innovation and technology options for

efficiency, transport, methane, CO2 capture
and geologic storage, and energy supply.

This booklet summarizes the IPIECA Climate
Change Working Group’s understanding of the
presentations and discussions at the workshop.
All workshop presentations are available on the
CD at the back of this booklet. They can also be
found on the IPIECA website (www.ipieca.org)
along with all the publications in the IPIECA
climate change workshop series (see back cover). 

The workshop and this publication are part of
an ongoing effort by IPIECA and its members to
raise understanding and provide constructive
input on key climate change issues.



reaching changes in energy technology. If
emissions are to peak within decades such
changes would occur at a very rapid pace, and
would present an enormous challenge. Such a
transition implies application of a broad range
of existing technologies, and the development
of a broad range of new technologies, that
would serve every major application and for
every major region.

A broad array of actions is needed to enable
the option of potentially-rapid greenhouse-gas-
emission reduction. Actions include not only
the reduction of today’s emissions, but also
actions that will enable deployment of
technology at a more rapid pace, and actions
that could lead to improved technologies that
may be more desired in the marketplace and
more rapidly deployed. A portfolio of actions
and technologies is also important because
many options will ultimately either not be
taken or will fail. The portfolio should provide
options with broad coverage—everywhere
and for every application. Examination of
specific applications reveals different
opportunities and barriers affecting pace:
● Efficient buildings and appliances: The

wealth of existing technologies, and the
ongoing stream of new technologies, for
efficient use of energy in buildings and
appliances presents potentially cost-effective
options, however, the pace of their adoption
by consumers and by builders significantly
lags their potential. Improvement of the
functioning of the marketplace and building
practices offers beneficial opportunities that
could accelerate the pace of technology
adoption.

● Natural gas supply: natural gas is a low-
carbon fossil fuel and allows high
efficiency in many applications. Industry
has been successful in bringing on-line new
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technologies to produce unconventional
sources of gas and to enable an emerging
global gas market via LNG. Gas supply,
however, is limited in many locales, not by
technology, but by access. More effectively
addressing social and environmental issues
can provide key opportunities for increasing
the pace of natural gas supply growth.

● Transportation: strong demand for
transportation for personal mobility and
freight—with greater comfort, convenience,
speed and control—is outpacing improvements
in the efficiency of transportation technologies
that have been progressed by industry.
Greater opportunity may be found in a
portfolio of approaches considering the
entire transportation system extending from
the roles that transportation plays, to the
infrastructures that enable it, to the
technologies that carry it out.

● CO2 capture and geological storage
(CCS): CCS is a key option for reducing
emissions from power generation from
coal, a major contributor to GHG
emissions. However, the cost and
performance of integrated technologies
have not been demonstrated, and CCS as
a major business currently does not exist.
Development of public acceptance, sound
regulatory and legal frameworks that do
not create unintended barriers, and
demonstrations to provide learning and
assurance all could accelerate the pace of
CCS introduction and use.

There are shifting needs for energy technology
innovation and a skilled workforce for
technology application in response to
priorities: development, evolving energy
supply and demand, and climate change.
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Technology innovation is a complex process
that is influenced by the demand for the
technology, investment in R&D, and spillovers
from other technology areas and the
advancement of science. R&D can both spur
innovation and promote investment in a skilled
workforce. While R&D in general has shown
continued growth particularly in the private
sector, investment in energy R&D has only
recently increased after decades of decline.
Both education and energy R&D have strategic
roles in accelerating the pace of technological
progress. Competition, cooperation and
partnership between a wide range of
institutions could lead to the major
achievements that the future holds.

Improving the effectiveness of institutions can
accelerate technology change. Governments
have key roles in providing rule of law so that
well-functioning markets develop that enable
the major investments involved in energy
technology change. They also have roles in
fostering the development of an educated
workforce. Major investments, ultimately, are
made by industry taking into account the
functioning of institutions and managing
investments accordingly. To accelerate the
pace of technology change, it is critical that
technologies be available worldwide bringing
focus to ongoing deficiencies in intellectual
property rights. Effective institutions that can
adapt to shifting priorities can enable the
acceleration of the pace of technology change. 

Successful development and deployment of
innovative, commercially viable technology is
the only path that addresses climate change
risks, and preserves and promotes prosperity.
For climate change policy to significantly affect
emissions, it will need to accelerate the pace of
technology change worldwide. Although the

post-2012 period of the Kyoto Protocol
remains the focus on international climate
change policy discussions, a decentralized
network of policy regimes and cooperative
frameworks is emerging. Among those
emerging are arrangements to promote
technological progress; examples include the
Asia-Pacific Partnership and actions under the
G8. Recognizing the many drivers that
promote technological progress, and the
differences in needs and priorities, a variety of
technology initiatives and policies will have
roles and can provide synergy with climate
change policies such as those that effectively
put a price on greenhouse gas emissions.
Given industry’s key roles in technology
innovation and deployment, engagement of
industry in the development of technology
initiatives and policies is a constructive
contribution to addressing climate change.
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Energy and the pace of 
technological progress

Managing climate change risk 
Meeting society’s rising energy demand for economic and social development, including
priorities such as the eradication of poverty, while mitigating the risks of climate
change by reducing greenhouse gas emissions, poses a fundamental challenge. The
challenge is further complicated by the evolving geographical pattern of energy
demand and energy resources. Actions taken to manage the risks posed by climate
change involve the development and implementation of technology options capable of
meeting this challenge. Decisions on the appropriate actions to address the risks
posed by climate change are informed by the evolving state of knowledge on climate
science and its inherent uncertainties, and the capabilities of both technologies and
institutions. Recognizing this uncertain future, risk management values the
development of multiple response options. These options should apply to each of the
key elements of a response to global climate change: further research to improve the
assessment of the risks of global climate change and society’s response; reducing GHG
emissions cost-effectively, including efficiency improvements and the protection of forests;
developing new technology options to supply low-carbon emission energy; strengthening
governance and institutional capacity to enable investment in superior technologies; and
addressing development needs to reduce vulnerability to risks. Enabling these options
within an international climate change policy framework, in light of national differences
in priorities, capacity and risks, and the uncertainties inherent in the behaviour of
climate change and the socio-economic system, is a fundamental challenge1.

The pace of past change: energy, technology and infrastructure
Mitigating rising GHG emissions requires the development and deployment of
affordable and innovative energy and emissions reduction technologies and is likely
to take decades to achieve. Historically, technological improvements have been
characterized by long transition times: the time required for dominant energy supply
to evolve from wood to coal and then towards oil took approximately 50 years; and
the penetration of new transport infrastructure in the USA took up to 70 years
(Figure 1). Even though these technological improvements resulted from strong
performance drivers, the transitions times were long. The sheer scale of the energy,
transport and industrial sectors creates immense challenges for the widespread
deployment and penetration of a new technology into a sector. This is frequently
compounded by the long lifespan of capital stock which slows the replacement rate of
old technologies with new and improved ones, as the early replacement of capital
stock is likely to lead to excessively high costs. Even in sectors that permit the
relatively rapid introduction of new technologies as a result of the frequent

1 International Policy Approaches to Address the Climate Change Challenge, IPIECA 2005.
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replacement of the existing technology base, such as road vehicles, it can take
decades before new technologies achieve significant penetration (Figure 2).

Global annual fossil fuel emissions have increased from 7 GtC in 2000 to 8 GtC in
2005 with emissions growth occurring in every major region, and with around half of
this growth occurring in China (Figure 3). Under the current global policy framework,

Figure 1: Penetration of US transportation infrastructures

Figure 2:  Illustrative projection of the penetration of alternative vehicles into the global vehicle fleet3

2 See Haroon Kheshgi’s presentation on accompanying CD-ROM.     3 Assumes 2% annual growth of vehicle fleet; 2% annual
growth of vehicle production; and large-scale ‘alternative’ vehicle manufacture starting in 2010 with 200,000 units per annum,
and growing at 20% per annum thereafter.     4 See David Hone’s presentation on accompanying CD-ROM. 

Source: Kheshgi, 2006 (after Ausubel)2

Source: Hone, 20064
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the IEA projects that CO2 emissions would increase by more than 50 per cent by
2030 from 2004 levels5, with almost half of this increase coming from power
generation. Increased emissions are focused in developing countries, where the
presence of abundant coal reserves has resulted in the increased use of coal6, and
their emissions are projected to overtake OECD countries’ emissions in the 2020s7.

Mitigation scenarios
For atmospheric CO2 concentration growth to stabilize would require net emissions to
peak, then decline ultimately to a very small fraction of current emissions. How soon
the peak would occur, and how high the peak would be, depends on the stabilization
level. In light of forecasts of large increases in energy demand, supplied primarily by
fossil fuels, stabilization would require the development and deployment of affordable
and innovative energy and emissions reduction technologies. Global climate
sensitivity, which the Intergovernmental Panel on Climate Change (IPCC) has recently
assessed as likely8 to be in the range of +2 to +4.5°C for a doubling of CO2 in the
atmosphere, is an important and uncertain factor which impacts on the degree of
society’s response to climate change. Such uncertainty impacts on the ability to agree
on both the peak in emissions and ultimate atmospheric concentrations of GHGs. For
example, if modelled temperature rise were limited to less than 2°C under a scenario
with high climate sensitivity, then emissions would decline rapidly towards zero now;
whereas under a scenario with low climate sensitivity, emissions could continue to rise
unabated until beyond 20509. Under such deep uncertainty, it is prudent to develop

IPIECA Workshop, Washington D.C., USA, 27–28 September 2006
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5 See Fatih Birol’s presentation on accompanying CD-ROM.     5 IEA WEO 2006.     6 BP energy stats 2006     
7 IEA WEO 2006     8 Likely is defined as a >66% probability, Climate Change 2007: The Physical Science Basis (IPCC 2007).
9 International Policy Approaches to Address the Climate Change Challenge (Figure 3), IPIECA 2005.

Figure 3: Increase in energy-related CO2 emissions, by region

Global emissions
grow 50% between
now and 2030,
and developing
countries’ emissions
will overtake OECD
countries’ emissions
in the 2020s.

Source: Birol, 20065



options which provide the flexibility to alter the pace of the response to climate
change as understanding develops. Although continued improvements in end-use
energy efficiency—driven by co-benefits—can be expected, it may prove necessary to
increase the pace of technology change to rates significantly higher than historical
precedent. Moreover, new technologies with reduced GHG emissions may be
accompanied by trade-offs, such as reduced performance or increased cost, which
hinders their acceptance in the marketplace and further raises the challenge.
Exploring ways to significantly increase the pace of technology change is the core
topic of this report.

Accelerating the pace of technological progress
Technological progress has enabled economic and social development beyond
historical precedent. Technological innovations to improve performance, serve
practical needs and preferences have—and will—advance, drawing upon the
advancement of science. Transitions in major energy technologies, however, often
take many decades and entail massive investment in infrastructure, even for superior
technologies with improved performance in multiple dimensions. An examination of
the pace of past and future technological progress in meeting and driving society’s
demand for energy, the pace and timing implied in energy outlooks and future
scenarios used to examine the mitigation
of climate risk provide insights to the
scale of the challenge. For society to
address the risks posed by climate
change whilst achieving the aspiration
of preserving prosperity and realising
development priorities, the development
and deployment of new technologies in
conjunction with the extensive
deployment of existing efficient
technologies is critical. Full use is not
being made of existing technologies that
improve energy efficiency and reduce the carbon intensity of energy systems. The
replacement of the installed base in developing countries with the existing efficient
technologies deployed in developed regions would result in significant reductions in
GHG emissions. At the same time strategies to rapidly promote the development and
deployment of new efficient technologies present great promise. Combining these
approaches will be necessary if the rate of carbon intensity decline of our energy
system is to be changed to a multiple of that previously achieved.

6
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Innovation and investment
In the strategy to address the risk of climate change it is essential to include portfolios
of actions geared towards both the development of new technologies and the
application of existing technologies. Furthermore, meeting the forecasted increase in
energy demand implies that fossil fuels will play a key role in energy supply for the
foreseeable future. Thus innovations and investments to reduce emissions must address
both fossil fuels and other energy sources, in conjunction with energy demand
reduction, and the range of uses of energy.

Innovation and investment efforts will be guided by the commercial drivers evolving
from existing and prospective climate policy, barriers, market deficiencies, capacity
and institutions. Managing an evolving portfolio of technology initiatives is necessary
as technologies differ in their estimated impact or comparative advantage.
Forecasting the opportunities provided by future technologies is complex, and gives
limited guidance to the balance of resources allocated between technology
development initiatives and technology deployment initiatives. Milestones for general
technology paths will be indicators of their future promise.

Implementation of existing technologies
To realize the considerable scope, in both developed and developing countries, for
the wider deployment of efficient technologies requires an environment that is
conducive to such investment. The quality of host country institutions is an important
factor in the deployment of existing technologies. Institutional reform can bring about
significant reductions in a country’s energy and carbon intensity. The identification
and removal of barriers—including poor governance, regulatory barriers, lack of rule-
of-law and intellectual property protection—promotes the development and transfer of
energy efficient technologies. Collaborations between business and governments, in
both the developed and developing world, have been successful in stimulating such
reforms to encourage greater investment in improved technology. 

Future climate policy architectures are considering a range of tools with which to
encourage investment including: carbon taxes; technology agreements; intensity or
dynamic targets; non-binding targets for developing countries which allow the sale of
surplus emissions reductions; and sector-wide targets. Whichever policy frameworks
are utilized to encourage the implementation of existing technologies they will need to
satisfy national interests and development priorities.

IPIECA Workshop, Washington D.C., USA, 27–28 September 2006
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Technology portfolio strategies
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Development of new technologies
The development of innovative technology options will be required to enable deep
reductions to be made in GHG emissions. With multiple options advancing along
their own paths, it cannot be predicted which specific technology options will
ultimately be successful; the marketplace will be the test. Furthermore, no single
technology is expected to provide all of the emission reductions sufficient to stabilize
atmospheric concentrations of CO2.

Generally, there has been significant growth in overall R&D investment that has
surpassed GNP growth in OECD countries, with this growth being dominated by
private sector investments. However, energy R&D funding levels in many OECD
countries peaked in the early 1980s at the height of the oil shocks and then
declined10. Reversing this downward investment trend and managing R&D investments
to achieve innovations capable of affordably satisfying the growing demand for
energy with low GHG emissions is a key challenge.

Increasing the Pace of Technology Innovation and Application: Enabling Climate Change Solutions

10 OECD Science, Technology and Industry Outlook, 2006     11 See John Weyant’s presentation on accompanying CD-ROM.

Figure 4: Complexity of the innovation process

Source: Weyant, 200611



The creation of new technologies is the
complex symbiotic result of scientific
advances, learning-by-doing, and directed
and spillover technology R&D effort in both
the private and public sectors (Figure 4).
The key stages in the technological
development and deployment process are
basic R&D, applied R&D, demonstration,
pre-commercial deployment, niche markets,
and full commercialization. A growing
number of initiatives12 have been
established to develop and diffuse new

technologies and to increase capacity to develop technologies. These include
partnerships between universities and industry to undertake university-based, pre-
commercial research and partnerships between industry and financial institutions to
promote the deployment of technologies. How the pace of investment in innovation
matches the risk posed by climate change remains unclear, although for the long-term
mitigation of emissions, both the scale and pace of investments in technology will
need to be accelerated. Exactly what pace of investment in innovation matches the
risk posed by climate change remains unclear, although for the long-term mitigation of
emissions, investment in technology development holds great promise.

IPIECA Workshop, Washington D.C., USA, 27–28 September 2006
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12 Partnerships in the Oil and Gas Industry, IPIECA 2006.
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Carbon dioxide capture and geological
storage has the potential to address a

significant proportion of the world’s fossil
energy CO2 emissions allowing fossil fuels to
continue contribute to the global energy mix in
an environmentally sustainable manner13.
However, the deployment of current CCS
technologies leads to trade-offs, as it adds to
the cost of providing energy services and
consumes energy leading to more rapid
depletion of energy resources. Even with these
trade-offs economic analyses and technology
portfolio studies show CCS to be a key
technology pathway leading to stabilization of
atmospheric CO2 concentration.

In addition to policies that address the added
cost of CCS, the widespread deployment of
CCS technologies also requires that a number

of technical, capacity and regulatory barriers
is addressed. These include significant cost
reductions and efficiency improvements,
demonstration of system integration and
assurance of storage integrity. Capacity
building activities are needed especially in
rapidly developing regions with abundant coal
resources, such as China and India. Studies
indicate that the pace of CCS deployment may
well be accelerated by early demonstrations of
the technology; Herzog15 estimates that the
operation of 10–12 demonstration plants in
the 2010–25 timeframe could accelerate the
deployment of CCS by 20 years (Figure 5).
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13 Carbon Capture and Geological Storage: Contributing to Climate Change Solutions, IPIECA 2003.     
14,15 See Howard Herzog’s presentation on accompanying CD-ROM.

Figure 5: Model scenario in which early
demonstration of CCS accelerates its deployment

Source: Herzog, 200614

The first commercial application of CCS: CO2
captured from gas produced at the Sleipner field
under the North Sea is stored in a saline formation
(artist’s rendition).
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Natural gas

The use of natural gas can contribute to the
mitigation of CO2 emissions as it has a

lower carbon-to-energy ratio than either coal
or oil and can be used with high efficiency in
many applications16. Demand for natural gas
is growing faster than that of other fossil fuels
and significant gas resources remain
unutilized. The private sector is responding to
the increased demand for gas by investing
and deploying new technologies to allow
previously inaccessible gas reserves to be
brought to market. Technological advances
allow reserves sited in ever more extreme
environments to be accessed. The growth of
liquefied natural gas (LNG) is bringing remote
gas reserves to major markets and is resulting
in an emerging global market for natural gas.
In many instances, however, technology does
not limit natural gas production since many
technologies for natural gas exploration,

production and transport are available.
Instead the utilization of technically feasible
gas resources faces a plethora of non-technical
barriers including: seasonal limitations on
access to resources in cold regions, urban
encroachment on resources, regulatory
restrictions, land claims, public acceptance,
and competition for resources such as steel,
concrete and labour. 

IPIECA Workshop, Washington D.C., USA, 27–28 September 2006
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16 Natural Gas as a Climate Change Solution: Breaking Down the Barriers to Methane’s Expanding Role, IPIECA 2007



Transportation

12

The transportation sector accounts for
approximately 21 per cent of global energy

demand and is the primary consumer of
petroleum products. Transportation is set to
increase its share of global emissions in future
as a result of strong growth in demand for
both freight and light vehicles and the lack of
large-scale alternatives to oil as the principal
fuel at a reasonable cost17. For example, car
ownership is a function of per capita income
and global car ownership is expected to
double from 650 million today to 1.3 billion
by 2030, driven by the high growth rates in
rapidly developing countries.

The transport sector has seen, and expects
further, significant improvements to vehicle
efficiency however these are not projected to
keep pace with strong and rising demand
resulting in the overall increased contribution
to global GHG emissions. Greater opportunity
may be found in a portfolio of approaches
considering the entire transportation system
extending from the roles that transportation
plays, to the infrastructures that enable it, to

the technologies that carry it out. However,
mitigation is challenged by the high cost of
vehicle technologies for all areas of the
transport sector, including aircraft and ships,
and the cost and scale of modifying the
transport infrastructure. These high costs may
cause large-scale cost-effective CO2 abatement
opportunities to reside not in the transportation
sector but within other sectors, as projected in
economic analyses18.

Increasing the Pace of Technology Innovation and Application: Enabling Climate Change Solutions

17,18 Transportation and Climate Change: Opportunities, Challenges and Long-term Strategies, IPIECA 2004



Energy-efficient buildings and appliances

In the short to medium-term energy efficiency
represents the most cost effective mitigation

option for CO2 emissions. Recent years have
seen significant efficiency improvements for
many household appliances. For example,
European refrigerators and freezers, sold
today are almost 40 per cent more efficient
than they were in the 1991–93 base period,
while the efficiency of washing machines has
improved by 25 per cent (1996–2004). The
construction of energy-efficient buildings has
significant potential to reduce emissions,
however the long lifetime of buildings slows
the diffusion of advanced efficient technologies
as the slow turnover of buildings limits
technology deployment and improvements
which can only be made at considerable
disruption and cost through retro-fitting.
Lighting represents a significant proportion of
domestic energy use consuming 19 per cent of
electricity produced worldwide. The
deployment of current efficient lighting
technologies would result in worldwide energy
demand for lighting in 2030 being equivalent
to today’s demand. Furthermore these

IPIECA Workshop, Washington D.C., USA, 27–28 September 2006
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technologies can be deployed at net negative
cost when the cost-savings from reduced
electricity consumption is considered19. A lack
of understanding of the benefits and the higher
costs of installing efficient technologies acts as
barriers to the diffusion of these cost effective
technologies.

19 Light’s Labour’s Lost, OECD/IEA 2007
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Institutions
Climate policy in the absence of enabling institutions will not effectively address
climate change. Idealized approaches to the stabilization of GHGs assume that least-
cost (cost per GHG emissions avoided) technology is deployed globally. In reality,
existing institutions are often not sufficient to enable such a worldwide deployment of
technology. Such institutional limitation restricts the ability for society to respond and
manage technology development and deployment to effectively address climate
change. At the national level, enabling institutional frameworks promote good
governance, respect of the rule of law and protection for intellectual property rights.
These enable private investment and transfer of the efficient, low emission
technologies that are essential to mitigate GHG emissions.

Education and R&D
Increasing the pace of technology
change will require a larger, highly-
trained workforce. If a high pace of
change is appropriate, then the
workforce can be a limiting resource
in the development and deployment
of technologies. There has been a
decline in engineers, geoscientists,
etc. that are being graduated in
developed countries even though
action to reduce GHG emissions is
expanding. Meanwhile there is
strong growth in the number
graduating in developing countries,
such as China, where the issue is of lower importance on the domestic agenda than
other priorities. Stronger and larger educational institutions will be needed to supply the
highly skilled and educated workforce that will be essential if the pace of technology
change is to be increased. A key question remains on how to promote R&D efforts that
provide the strategic options necessary to enable society to alter its response to climate
change as increasing knowledge may indicate. Policy makers valuing the role of
technological innovation in addressing climate change may develop national and
multinational strategic R&D programmes to provide society with such options.

Opportunities and Barriers
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Policies to increase the pace of technology change
International policy agreements to address climate change and promote mitigation
actions at the national level include: the Kyoto Protocol; G8 Gleneagles Plan of
Action on Climate Change and Asia-Pacific Partnership on Clean Development and
Climate; European Union Emissions Trading Scheme; Methane to Markets Partnership;
and Carbon Sequestration Leadership
Forum. Within each of these frameworks
a central challenge remains on how best
to develop the technologies that will
enable dramatic improvements in carbon
intensity. Consensus on how best to
achieve these improvements differ and
agreements may choose to focus on
demand pull where improvements are
realized by the setting of energy
standards, implementing fiscal measures
and developing regulations or through
technology push by increasing R&D
funding and promoting knowledge
transfer. Whichever approach is taken it
is clear that if the pace of innovation is
to be accelerated dramatically it will
require a substantial increase in the
levels of investment along with the
concomitant engagement of society.
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• Opportunity Costs and Clean Development  David Montgomery (Charles River Associates)
• On the Architecture of Climate Change Response Policies  Brian Fisher (ABARE)
• Petroleum Development Oman LLC (PDO) CO2 Management Vision  Faisal Al-Lamki (PDO)
• Discussion

Session 4: Consideration of Specific Technology Applications
• Introduction, Dag Christensen (Hydro)
• Energy R&D for Innovation  John Weyant (Stanford University)
• Increasing the Pace of Innovation to Combat Climate Change: the Case of End-use Energy Efficiency  

Diana Ürge-Vorsatz (Central European University)
• Evolution of the Toyota Hybrid  Robert Wimmer (Toyota)
• Enabling Climate Change Solutions: Methane  Wishart Robson (Nexen)
• Factors Affecting the Adoption and Diffusion of CO2 Capture and Storage (CCS) Technologies

Howard Herzog (MIT)
• Achieving Sustainable Energy: A Challenge to Technology and Policy  Jonathan Schrag (Columbia University)

Workshop programme

Photographs reproduced courtesy of the following: cover (background image): ©Shutterstock.com; (circles, top to bottom): ©BP, ©Anadarko, ©Photodisc Inc., ©iStockphoto.com, ©Shutterstock.com; 
page 1: BP; page 3: FAO; pages 2, 6 (top), 9 (bottom right), 11 (top), 12 (bottom left), 13 (bottom right), 15 (top): ©Shutterstock.com; page 6 (bottom): ©ExxonMobil/Stanford University; 
page 7: ©Anadarko; pages 8, 9 (top), 11 (bottom), 12 (top, bottom right), 13 (top, bottom left), 14, 15 (bottom): ©iStockphoto.com; page 9 (centre): ©Eni; page 9 (bottom left): Aral; page 10 (bottom):
©Statoil/David Fierstein; page 16: ©Photodisc Inc.; back cover: ©Digital Wisdom Inc.
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The IPIECA Workshop on CD-ROM

The CD-ROM included with this report contains the Workshop speakers’ presentation
slides in PDF format (requires Acrobat Reader™). The disc is designed to start

automatically when you insert it into your PC. If it fails to run, browse to the file called
‘Start’ and double-click to begin. This file provides an introduction to the CD-ROM, a list
of contents and instructions on how to navigate the disc. Acrobat Reader™ is available
for free download from the Adobe website at:
www.adobe.co.uk/products/acrobat/readstep2.html

I P I E C A  W O R K S H O P

Washington D.C., USA, 27–28 September 2006

This CD-ROM is designed to run
automatically. If it fails to start,
browse to the file called ‘Start’
and double-click to begin. (Requires
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International Petroleum Industry Environmental Conservation Association
5th Floor, 209–215 Blackfriars Road, London SE1 8NL

Tel: +44 (0)20 7633 2388    Fax: +44 (0)20 7633 2389
E-mail: info@ipieca.org    Internet: www.ipieca.org

IPIECA
The International Petroleum Industry Environmental Conservation Association (IPIECA) was
founded in 1974 following the establishment of the United Nations Environment Programme
(UNEP). IPIECA provides one of the industry’s principal channels of communication with the
United Nations.

IPIECA is the single global association representing both the upstream and downstream
oil and gas industry on key global environmental and social issues. IPIECA’s programme takes
full account of international developments in these issues, serving as a forum for discussion
and cooperation involving industry and international organizations.

IPIECA’s aims are to develop and promote scientifically-sound, cost-effective, practical,
socially and economically acceptable solutions to global environmental and social issues
pertaining to the oil and gas industry. IPIECA is not a lobbying organization, but provides a
forum for encouraging continuous improvement of industry performance.

Climate Change Working Group
Formed in 1988, the IPIECA Climate Change Working Group (CCWG) monitors, analyses
and informs the membership of key developments in the issue, especially those taking place
at the UNFCCC and IPCC. The CCWG encourages the development of policy options that
strike a balance between the projected consequences of potential climate change and the
estimated costs of response options to mitigate or adapt to climate change. The CCWG
sponsors dialogues and workshops addressing key aspects of the ongoing negotiations, and
provides a technical publication series as a means of constructive input to the process.

Publications in the IPIECA Climate Change series include:
• Long-Term Energy and Carbon Management: Issues and Approaches
• A Guide to the Intergovernmental Panel on Climate Change
• Buenos Aires and Beyond—a Guide to the Climate Change Negotiations
• Technology Assessment in Climate Change Mitigation—an IPIECA Workshop
• Opportunities, Issues and Barriers to the Practical Application of the Kyoto Mechanisms
• Long–Range Scenarios for Climate Change Policy Analysis
• Critical Issues in the Economics of Climate Change
• Climate Change: a Glossary of Terms
• Development and Climate Change: Issues and Approaches in Asia
• Energy, Development and Climate Change: Considerations in Asia and Latin America
• Petroleum Industry Guidelines for Reporting GHG Emissions
• Carbon Dioxide Capture and Geological Storage: Contributing to Climate Change Solutions
• Transportation and Climate Change: Opportunities, Challenges and Long-term Strategies
• International Policy Approaches to Address the Climate Change Challenge
• Natural Gas as a Climate Change Solution: Breaking Down the Barriers to 

Methane’s Expanding Role

Workshop Task Force

Haroon Kheshgi (ExxonMobil, Chair) • Faisal Al-Lamki (PDO) • Dag Christensen (Hydro) •
Arthur Lee (Chevron) • Bill Thompson (BP) • Bruce Wilcoxon (ConocoPhillips) • 
Luke Warren (IPIECA)


