July 21, 2014
Hubert T. Bell, Inspector General
U.S. Nuclear Regulatory Commission
Washington, DC 20555
Hubert.Bell@nrc.gov
SUBJECT:

Request for Investigation into Conflict of Interest by Commissioner
William D. Magwood IV

Dear Mr. Bell:
On behalf of 34 environmental organizations and individuals,1 we are writing to ask you, as the
NRC’s Inspector General, to open an investigation into an actual and apparent conflict of interest
by U.S. Nuclear Regulatory Commission (“NRC”) member William D. Magwood IV. Our
request follows up on a letter we wrote to Mr. Magwood on June 18, 2014, demanding his
immediate resignation due to the real and apparent conflict of interest created by his pursuit of
and acceptance of the position of Director-General with the Organisation for Economic CoOperation and Development’s (“OECD’s”) Nuclear Energy Agency (“NEA”).2 We also
demanded that Mr. Magwood recuse himself from all NRC decisions relating to safety that date
back to his application for a position with the NEA, and that he release records related to his
application for a position with the NEA.
As explained in our June 18 letter, Mr. Magwood’s conflict of interest arises from the fact that
NEA is an organization (a) that actively promotes “the development of the production and uses
of nuclear energy,” and (b) whose policies are set by member governments, including a number
that own or sponsor U.S. nuclear licensees and applicants.3 In appearance and in actuality, Mr.
Magwood is now committed to an organization whose mandate to promote nuclear energy as
well as the economic interests of its members is antithetical to the basic principles of the Energy
1

Alliance to Halt Fermi 3, Beyond Nuclear, Blue Ridge Environmental Defense League, Center for a
Sustainable Coast, Citizens Allied for Safe Energy, Citizens Environmental Coalition, Citizens Resistance
at Fermi 2, Coalition for a Nuclear Free Great Lakes, Don’t Waste Michigan, Kay Drey, Ecology Party of
Florida, Friends of the Coast, Friends of the Earth, Green States Solutions, Hudson River Sloop
Clearwater, Indian Point Safe Energy Coalition, Captain Dan Kipnis, Missouri Coalition for the
Environment, NC WARN, Nevada Nuclear Waste Task Force, New England Coalition, Northwest
Environmental Advocates, Nuclear Energy Information Service, Nuclear Information and Resource
Service, Nuclear Watch South, Physicians for Social Responsibility, Public Health and Sustainable
Energy, Riverkeeper, San Clemente Green, San Luis Obispo Mothers for Peace, San Onofre Safety,
SEED Coalition, Sierra Club Nuclear Free Campaign, and Southern Alliance for Clean Energy. These
organizations are active participants in NRC rulemakings, licensing proceedings, and other regulatory
proceedings in which Commissioner Magwood has played or may play a decision-making role.
2

Letter from Diane Curran and Mindy Goldstein to William D. Magwood IV (“June 18 Letter”). A copy
of our June 18 letter was also sent to you. A copy is included here as Attachment A.
3

Statute of the OECD Nuclear Energy Agency, Articles 1 and 8 (as amended on 13 July 1995),
https://www.oecd-nea.org/nea/statute.html.
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Reorganization Act of 1974 that safety, not economics, must be the NRC’s paramount
consideration and that promotional policies shall be left to the U.S. Department of Energy
(“DOE”).4 As we pointed out, such a blending of economic promotion with safety regulation
was a root cause of the regulatory failures that paved the way for the Fukushima disaster in
Japan. Mr. Magwood’s continued participation in NRC safety decisions, after soliciting and
accepting employment with the NEA, also violates 28 U.S.C. §455 by creating an unacceptable
appearance of bias.
On July 14, 2014, Mr. Magwood responded to our June 18 letter by refusing to take any of the
actions we requested.5 He also refused a similar request to recuse himself from an NRC
licensing proceeding for the proposed Fermi Nuclear Power Plant, Unit 3.6
Mr. Magwood asserts in his July 14 letter that a reasonable person would not question his
impartiality because:
NEA does not advocate any particular outcome but, with the support of its member
countries, focuses on facilitating policy analyses, sharing information and experience
amongst its members, developing cooperative research projects and developing
consensus positions on technical issues, including those relevant to nuclear safety
regulators around the world.7
Mr. Magwood’s statement that NEA “does not advocate any particular outcome” is incorrect.
Under the NEA’s charter, the use of nuclear power is a given, not an option. The clearly stated
purpose of the NEA is to “further the development of the production and uses of nuclear energy .
. . for peaceful purposes by the participating countries, through co-operation between those
countries and a harmonization of measures taken at the national level.”8 Thus, NEA’s primary

4

See http://www.nrc.gov/about-nrc/governing-laws.html.

5

Letter from William D. Magwood IV to Mindy Goldstein; Letter from William D. Magwood IV to
Diane Curran. The letters are identical. A copy of Mr. Magwood’s letter to Diane Curran (“Magwood
Letter”) is included here as Attachment B.

6

Decision on the Motion of Beyond Nuclear for Recusal From Participation in Deliberations on Petition
for Review of LBP-14-07 (July 14, 2014) (“Fermi Recusal Decision”). A copy of that decision is
included here as Attachment C.

7

Magwood Letter at 2. Similarly, in his Fermi Recusal Decision, Mr. Magwood states that NEA:
focuses not on the ‘development and maintenance of . . . nuclear power,’ as intervenors appear to
contend, but upon the development and maintenance of the scientific, technical, and legal basis
for ensuring that nuclear power, where it is used, is used in a safe, environmentally friendly, and
economical manner.

Fermi Recusal Decision at 5 (citing Strategic Plan of the NEA).
8

Statute of the OECD Nuclear Energy Agency, Part I, Article 1 (emphasis added).
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focus is on the development of nuclear energy. 9 By setting a goal of promoting nuclear energy,
the NEA presupposes that it can be made safe. The NRC, on the other hand, can make no such
presumption. Under the Atomic Energy Act, if operation of a nuclear facility would be
“inimical” to public health and safety, the NRC may not license it at all.10
The NEA’s fundamentally promotional approach to nuclear energy is also reflected in the NEA’s
publications. For instance, the NEA identifies nuclear energy as a necessary “element” of the
“energy revolution” that is needed to address climate change.11 And in order to ensure that
nuclear energy is part of the energy revolution, the NEA openly promotes government and
market support for it:
Many clean and non-import dependent technologies, including some renewable
technologies, carbon capture and storage and nuclear power, need government support
that reflects the added benefits for the environment and from reduced import
dependence.12
The fact that NEA is also engaged in safety research, as Mr. Magwood contends, does not negate
the conflict created by its simultaneous promotional efforts. Rather, it shows that NEA mixes
safety and economics in much the same way that drove Congress to split the Atomic Energy
Commission into two agencies in the Energy Reorganization Act of 1974. While NEA is free to
embrace these two conflicting approaches in a single agency, Mr. Magwood, as an NRC

9

This promotional purpose is also consistent with the three founding purposes of the OECD, which are
all related to encouraging economic development:
(a) To “achieve the highest sustainable economic growth and employment and a rising standard
of living in Member countries, while maintaining financial stability, and thus to contribute to the
development of the world economy;
(b) To contribute to sound economic expansion in Member as well as non-member countries in
the process of economic development; and
(c) To contribute to the expansion of world trade on a multilateral, non-discriminatory basis in
accordance with international obligations.
Convention on the OECD (1960),
http://www.oecd.org/general/conventionontheorganisationforeconomicco-operationanddevelopment.htm.

10

See, e.g., 42 U.S.C. § 2133(d).

11

According to an NEA preliminary “Green Growth” study on energy:
The energy revolution that is needed can be characterized by the following elements: improved
energy efficiency, widespread introduction of carbon capture and storage, increased deployment
of renewable energy, nuclear energy, continued fuel switching, and support for new and enabling
technologies.

OECD Preliminary Green Growth Studies (Energy) at 23 (2011) (Attachment D).
12

Id. at 46 (emphasis added).
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Commissioner, may not. His letter is alarming for its utter failure to recognize the existence of
that conflict.
Mr. Magwood also claims he has no conflict of interest because NEA has no financial, research
or policy interests that would be directly affected by his decisions.13 But he completely fails to
address the fact that the NEA members who have hired him include countries that own or
sponsor U.S. nuclear licensees or applicants, such as France (MOX Fuel Fabrication Facility
through AREVA; Nine Mile Point Units 1 and 2, Calvert Cliffs Units 1 and 2, and Ginna through
Electricité de France) and the Netherlands (Louisiana Enrichment Services through URENCO).14
He also overlooks the fact that NEA promotes the financial interests of many private nuclear
companies doing business in the U.S. and other countries.
Therefore, we request you to open an independent investigation into the question of whether and
to what extent Mr. Magwood has violated federal ethics rules and/or statutory prohibitions
against real or apparent conflicts of interest. Should you conclude that Mr. Magwood has indeed
violated federal ethics standards, we ask you to refer this matter to the U.S. Department of
Justice.
In addition, we ask you to investigate how such a blatant conflict of interest could have occurred,
given the existence of NRC procedures for vetting potential conflicts of interest.15 In making
this inquiry, we urge you to determine whether NRC officials assisted Mr. Magwood in making
his application and if so, whether they provided him with appropriate counsel regarding his
ethical obligations to step down or recuse himself from NRC safety decisions after applying.
Thank you for your consideration.
Sincerely,
[Electronically signed by]
Diane Curran
[Electronically signed by]
Mindy Goldstein
Turner Environmental Law Clinic
Emory Law School
1301 Clifton Road
Atlanta, GA 30322
404-727-3432
Fax: 404-727-7853
13

Magwood Letter at 2.

14

June 18 Letter at 1 note 2.

15

See, e.g., Summary of Major Ethics Rules for NRC Employees (August 20, 2009) (ML092380142);
NRC Management Directive 7.9, Ethical Approvals and Waivers (Sept. 29, 2009) (ML091030381).
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Email: magolds@emory.edu
Joint Counsel to Environmental Organizations
Cc:

William D. Magwood, IV
U.S. Nuclear Regulatory Commission
Washington, DC 20555
CMRMAGWOOD@nrc.gov
Allison M. Macfarlane, Chairman
Kristine L. Svinicki
William C. Ostendorff
U.S. Nuclear Regulatory Commission
Washington, DC 20555
CMRMACFARLANE@nrc.gov
CMRSVINICKI@nrc.gov
CMROSTENDORFF@nrc.gov
Sen. Barbara Boxer, Chairman
Committee on Environment and Public Works
Sen. Sheldon Whitehouse, Chairman
Subcommittee on Clean Air and Nuclear Energy
Dan Utech, Special Assistant to the President for Energy and Climate Change

ATTACHMENT A

June 18, 2014
William D. Magwood, IV
U.S. Nuclear Regulatory Commission
Washington, DC 20555
By e-mail to: William.Magwood@nrc.gov
SUBJECT:

Demand for Immediate Resignation from the NRC and Other Measures

Dear Mr. Magwood:
On behalf of 34 environmental organizations and individuals,1 we are writing to demand your
immediate resignation from the U.S. Nuclear Regulatory Commission (“NRC”). You have
fatally compromised your role as an independent safety regulator by negotiating for and
accepting the position of Director-General with the Organisation for Economic Co-Operation
and Development’s (“OECD’s”) Nuclear Energy Agency (“NEA”), an organization (a) that
actively promotes “the development of the production and uses of nuclear energy;” and (b)
whose policies are set by member governments, including a number that own or sponsor U.S.
nuclear licensees and applicants.2 In appearance and in actuality, you are now committed to an
organization whose mandate to promote nuclear energy as well as the economic interests of its
members is antithetical to the basic principles of the Energy Reorganization Act of 1974 that
safety, not economics, must be the NRC’s paramount consideration and that promotional policies
shall be left to the U.S. Department of Energy (“DOE”).3 It is precisely the blending of

1

Alliance to Halt Fermi 3, Beyond Nuclear, Blue Ridge Environmental Defense League, Center for a
Sustainable Coast, Citizens Allied for Safe Energy, Citizens Environmental Coalition, Citizens Resistance
at Fermi 2, Coalition for a Nuclear Free Great Lakes, Don’t Waste Michigan, Kay Drey, Ecology Party of
Florida, Friends of the Coast, Friends of the Earth, Green States Solutions, Hudson River Sloop
Clearwater, Indian Point Safe Energy Coalition, Captain Dan Kipnis, Missouri Coalition for the
Environment, NC WARN, Nevada Nuclear Waste Task Force, New England Coalition, Northwest
Environmental Advocates, Nuclear Energy Information Service, Nuclear Information and Resource
Service, Nuclear Watch South, Physicians for Social Responsibility, Public Health and Sustainable
Energy, Riverkeeper, San Clemente Green, San Luis Obispo Mothers for Peace, San Onofre Safety,
SEED Coalition, Sierra Club Nuclear Free Campaign, and Southern Alliance for Clean Energy. These
organizations are active participants in NRC rulemakings, licensing proceedings, and other regulatory
proceedings in which you have played or may play a decision-making role.

2

Statute of the OECD Nuclear Energy Agency, Articles 1 and 8 (as amended on 13 July 1995),
https://www.oecd-nea.org/nea/statute.html. Countries that own or sponsor U.S. nuclear licensees or
applicants include, for example, France (MOX Fuel Fabrication Facility through AREVA; Nine Mile
Point Units 1 and 2, Calvert Cliffs Units 1 and 2, and Ginna through Electricité de France) and the
Netherlands (Louisiana Enrichment Services through URENCO). NEA also promotes the financial
interests of many private nuclear companies doing business in the U.S. and other countries.
3

As summarized on the NRC’s website:
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economic promotion with safety regulation that was a root cause of the regulatory failures that
paved the way for the Fukushima disaster in Japan.4
Your continued presence on the Commission also violates federal law governing the impartiality
of judges. Under 28 U.S.C. § 455, you must recuse yourself from any NRC decision in which
your “impartiality might reasonably be questioned.”5 As noted above, NEA seeks to “further the
development of the production and uses of nuclear energy.”6 Having accepted the position of
NEA Director-General, you now appear biased towards the protection of the NEA’s interests.
The fact that NEA and others are already identifying you as an NEA employee only aggravates
your appearance of bias.7 Thus, in any NRC proceeding involving proposed safety
determinations that are inconsistent with the pronuclear economic mandate of NEA and its
members, a reasonable person would question your independence and objectivity in applying
NRC safety requirements or judging the significance of safety issues – especially when you are
forced to consider a solution to a safety issue that could significantly increase the cost of nuclear
power production and thus limit its viability in the marketplace.

Under the Atomic Energy Act of 1954, a single agency, the Atomic Energy Commission, had
responsibility for the development and production of nuclear weapons and for both the
development and the safety regulation of the civilian uses of nuclear materials. The Act of 1974
split these functions, assigning to one agency, now the Department of Energy, the responsibility
for the development and production of nuclear weapons, promotion of nuclear power, and other
energy-related work, and assigning to the NRC the regulatory work, which does not include
regulation of defense nuclear facilities.
http://www.nrc.gov/about-nrc/governing-laws.html.
4

For example, the National Diet of Japan’s investigation into the causes of the Fukushima accident
concluded that “[t]he regulatory authorities’ supposed independence from the ministries promoting
nuclear energy and the nuclear operators was a mere façade.” Introduction to Main Report of the Nuclear
Accident Independent Investigation Commission of the Japanese Diet at 16 (July 5, 2012).
http://warp.da.ndl.go.jp/info:ndljp/pid/3856371/naiic.go.jp/en/report/.

5

See also Houston Lighting and Power Co. (Allens Creek Nuclear Generating Station, Unit 1), CLI-829, 15 NRC 1363, 1365-67 (1982).

6
7

See note 3.

For instance, the OECD’s 2014 Annual Report posts your photograph with the caption: “William
Magwood, Director General” of the NEA. OECD 2014 Annual Report to Ministers at 110, Attachment 1
(excerpt). Only in the small print of a footnote does the Annual Report state that you will not “take up
your duties” until September 2014. Id. Similarly, in a report of a recent “Summer Institute” sponsored by
the World Nuclear University (“WNU”) for the “next generation of nuclear leaders,” the WNU describes
you as “US NRC Commissioner and appointed OECD/NEA DG.” World Nuclear Association Blog
(April 2014), http://www.worldnuclear.org/Source/Pages/WNA/Blog.aspx?blogmonth=4&blogday=14&blogyear=2014&blogid=3701&i
d=36478&LangType=2057. The purposes of the World Nuclear University include “strengthening the
development of a new generation of leaders for the nuclear industry.” http://www.world-nuclearuniversity.org/summerinstitute/whythewnu.aspx.
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Your apparent lack of impartiality dates back at least nine months, to the time when you applied
for the position of Director-General at the NEA.8 While your application was pending with the
NEA, you had a strong incentive to improve your employment prospects by avoiding safety
decisions that would exacerbate nuclear power’s ongoing economic difficulties. During that
period, you voted against further research by the NRC Staff on two important post-Fukushima
issues: the adequacy of the scope of NRC’s safety regulations and whether the NRC should
order the expedited transfer of spent fuel from high-density storage pools into dry storage.9
Given that further research on both issues could have led to the imposition of additional costly
safety requirements on reactor licensees, in conflict with the NEA’s interests in minimizing
reactor costs, a reasonable person would question the objectivity of your vote against further
inquiry by the Staff.
As you should be aware, the NRC’s Office of Inspector General (“OIG”) found that former
Commissioner Merrifield violated federal ethics rules by soliciting employment with the nuclear
industry while serving as an NRC Commissioner, without recusing himself from decisions in
which his prospective employer had a financial interest.10 Like Commissioner Merrifield, you
have failed to take measures to ensure that your employment negotiations and acceptance of a
position with an organization that promotes the nuclear industry would not create a conflict of
interest with your responsibilities as an NRC Commissioner.
Therefore, in order to avoid the reality and the appearance of bias in future decisions, you should
resign from your position as NRC Commissioner. In addition, you should disqualify yourself
retroactively from all safety decisions you made after applying to the NEA for your position.

8

A job notice posted on LinkedIn (http://fr.linkedin.com/jobs2/view/6466687) states that the deadline
for applications for the position closed on September 3, 2013.
9

See Commission Voting Record, Decision Item: SECY-13-0132, U.S. Nuclear Regulatory
Commission Staff Recommendation for the Disposition of Recommendation 1 of the Near-Term Task
Force Report (May 19, 2014); Commissioner Vote Sheets on COMSECY-13-0030, Staff Evaluation and
Recommendation for Japan Lessons-Learned Tier 3 Issue on Expedited Transfer of Spent Fuel (May 27,
2014). These documents can be found on the NRC’s website at http://www.nrc.gov/reading-rm/doccollections/commission/recent/2014/.
10

Memorandum from Hubert T. Bell, Inspector General, to NRC Chairman Jaczko re: Alleged Conflict
of Interest by Former NRC Commissioner (Case No. 07-63) (Sept. 17, 2009), Attachment 2. The OIG
concluded that Mr. Merrifield “did not take effective measures to prevent a potential conflict of interest
during the last 2 months of his term,” because he negotiated for future employment without ensuring that
he “disqualified himself from involvement with potential conflict of interest issues.” Id. at 11. In
contrast, in a subsequent investigation of former NRC Chairman Dale Klein, the OIG concluded that Mr.
Klein avoided creating a conflict of interest during his term on the NRC by “decid[ing] simply not to
address any prospective employment offers while at NRC.” Memorandum from [name withheld], Office
of Inspector General, to Joseph A. McMillan, Assistant Inspector General for Investigations re: Potential
Conflict-of-Interest Violation of Ethics Requirements by Former Commissioner Klein (OIG Case No. 1039) at 3 (Sept. 28, 2010), Attachment 3.
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Finally, we demand that you publicly release your application to the NEA and all related
correspondence, including endorsements and recommendations by U.S. officials. Full disclosure
of these documents is necessary to clarify your statement that you were “the U.S. Government’s
candidate” for the Director-General position at NEA.11 If there was, indeed, a formal process for
your nomination to the NEA by U.S. government officials, the information should be made
public as a matter of course under the Freedom of Information Act.
However, we can find no evidence of a formal nomination process for the position of NEA’s
Director-General. Instead, a job notice posted on LinkedIn directs applicants to submit a
curriculum vita, “motivation letter,” three references, and answers to “a few short questions.”12
Thus, it appears that senior government U.S. officials wrote recommendation letters to the NEA
on your behalf as a personal courtesy.
If senior government officials have used their offices to recommend you for a job so at odds with
your responsibilities as an NRC Commissioner, the public deserves to know the basis for their
recommendations. The public also deserves to know whether the senior government officials
who endorsed your employment by the NEA included officials of the NRC and/or the DOE. If
so, they should be called to account for subverting the purposes of the Energy Reorganization
Act of 1974 by helping you to obtain a position with the NEA, without insisting on your recusal
from safety decisions during the pendency of your application and your resignation from the
NRC after your hire.
Sincerely,
[Electronically signed by]
Diane Curran
[Electronically signed by]
Mindy Goldstein
Turner Environmental Law Clinic
Emory Law School
1301 Clifton Road
Atlanta, GA 30322
404-727-3432
Fax: 404-727-7853
Email: magolds@emory.edu
Joint Counsel to Environmental Organizations
11

Statement of Commissioner William D. Magwood, IV, United States Nuclear Regulatory Commission,
to the House Committee on Energy and Commerce Subcommittee on Energy and Power (May 7, 2014),
Attachment 4. You have also been quoted in the press as giving thanks for the “strong support and
encouragement” that you received “from senior officials of the Administration to take on [the NEA]
assignment.” “NRC Commissioner Magwood Set to Leave Commission for International Agency,”
Radwaste Monitor, Vol. 7 No. 11 (Mar. 21, 2014), Attachment 5 (excerpt).

12

http://fr.linkedin.com/jobs2/view/6466687.
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Cc:

Allison Macfarlane, Chairman
Kristine L. Svinicki
George Apostolakis
William C. Ostendorff
U.S. Nuclear Regulatory Commission
Washington, DC 20555
CMRMACFARLANE@nrc.gov
CMRSVINICKI@nrc.gov
CMRAPOSTOLAKIS@nrc.gov
CMROSTENDORFF@nrc.gov
Hubert T. Bell, Inspector General
U.S. Nuclear Regulatory Commission
Washington, DC 20555
Hubert.Bell@nrc.gov
Sen. Barbara Boxer, Chairman
Committee on Environment and Public Works
Sen. Sheldon Whitehouse, Chairman
Subcommittee on Clean Air and Nuclear Energy
Dan Utech, Special Assistant to the President for Energy and Climate Change

Attachment

1

Attachment

2

Attachment

3

Attachment

4

Attachment

5

ATTACHMENT B

ATTACHMENT C

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION
COMMISSIONER:
William D. Magwood, IV
_______________________________________________
)
)
)
DTE ELECTRIC CO.
)
)
(Fermi Nuclear Power Plant, Unit 3)
)
_______________________________________________ )
In the Matter of

Docket No. 52-033-COL

DECISION ON THE MOTION OF BEYOND NUCLEAR FOR RECUSAL FROM
PARTICIPATION IN DELIBERATIONS ON PETITION FOR REVIEW OF LBP-14-07
INTRODUCTION
On June 25, 2014, counsel for Beyond Nuclear filed a motion requesting that I recuse
myself from participating in deliberations on “Intervenors’ Petition for Review of LBP-14-07
(Ruling for Applicant on Quality Assurance),” currently before the Commission in the ongoing
Fermi Unit 3 Combined Operating License (COL) proceeding.1 This Motion is based on an
assertion that, having accepted an appointment to serve as the Director-General of the
Organisation for Economic Co-operation and Development’s (OECD) Nuclear Energy Agency
(NEA) effective September 1, 2014, I am no longer able to consider the pending appeal in an
impartial manner and must, therefore, recuse myself. Having reviewed the bases presented in
the motion, the applicable law, and the facts surrounding my appointment to the NEA, I deny the
Motion.

1

Intervenors’ Motion for Recusal of Commissioner Magwood from Participation in Deliberations
on Petition for Review of LBP-14-07 (June 25, 2014) (Motion).

-2BACKGROUND
OECD was founded in 1961 with the mission “to promote policies that will improve the
economic and social well-being of people around the world.”2 This mission is accomplished
through the cooperation of its 34 member nations from Europe, North and South America, and
the Asia-Pacific region.3 The organization operates under a set of core values that include:
objective, independent, and evidence-based analyses; encouraging open debate and a shared
understanding of issues; challenging conventional wisdom; identifying and addressing long-term
issues; and building credibility through trust, integrity, and transparency.4
The NEA is an agency within the OECD. Its mission, as stated in its Strategic Plan, is:
To assist its member countries in maintaining and further developing, through
international co-operation, the scientific, technological and legal bases required
for a safe, environmentally friendly and economical use of nuclear energy for
peaceful purposes. To provide authoritative assessments and to forge common
understandings on key issues as input to government decisions on nuclear
energy policy and to broader OECD policy analyses in areas such as energy and
sustainable development.5
This mission is carried out by NEA’s 31 member countries. Membership includes countries with
robust, mature nuclear energy programs (for example, the United States, Japan, and France);
countries that are starting or expanding their nuclear energy programs (for example, Turkey and
the Czech Republic); countries that are halting or reducing their nuclear energy programs (for
example, Germany), and countries that do not have and are not developing commercial nuclear
power programs (for example, Ireland and Italy). The NEA, with the support of its member
countries, focuses on facilitating policy analyses, sharing information and experience amongst

2

http://www.oecd.org/about/. Last accessed July 14, 2014.

3

Id.

4

Id.

5

The Strategic Plan of the Nuclear Energy Agency, 2011-2016 (Strategic Plan), at 15.

-3its members, developing cooperative research projects, and developing consensus positions on
technical issues, including those relevant to nuclear safety regulators around the world.6
Following the announcement of his planned retirement by former NEA Director-General
Luis Echevaria, I became a candidate for the position of Director-General. In March 2014, it
was announced that I would succeed Mr. Echevaria, and that I would begin my service at the
NEA on September 1, 2014. In the meantime, I have continued to serve as a Commissioner at
the NRC and have observed all applicable ethics guidelines.7
The Motion arises in the context of the Combined Operating Licensing proceeding for
Fermi Unit 3. The Intervenors have appealed to the Commission an Atomic Safety and
Licensing Board order on proposed Contention 15, which challenges quality assurance within
the planning effort for the proposed unit. The Motion requests my recusal from consideration of
the appeal on the grounds that my future service with the NEA is inconsistent with my present
duties and reveals a bias or prejudice in favor of nuclear power.8
DISCUSSION
The primary argument presented in the Motion for the need for my recusal is that my
ability to be impartial is in question.9 Upon consideration of all the relevant facts and
6

Id.

7

The Motion states “Commissioner Magwood holds employment outside the Commission” with
the NEA. I feel it is important to clarify that, although I have accepted an offer of future
employment with the NEA, I am not currently employed by the NEA. While I am still employed
by the NRC, I am prohibited by Federal ethics law and regulations from carrying out any duties
on behalf of NEA.
8
9

Motion at 5.

The Motion also implies that there is a financial link between the Fermi proceeding and the
NEA. Motion at 3. The Motion notes both that “[s]ome of OECD’s member governments own or
sponsor U.S. nuclear licensees and applicants” and that the unit proposed to be built at Fermi—
the General Electric-Hitachi Economic Simplified Boiling Water Reactor—has been discussed in
NEA literature. 5 C.F.R. § 2635.606(a) states that a Federal officer “shall not participate
personally and substantially in a particular matter that has a direct and predictable effect on the
financial interests of the [organization] with whom he has an arrangement concerning future
(Continued . . .)

-4circumstances, I conclude that a reasonable observer would not question my ability to act as an
impartial adjudicator when considering the Intervenors’ appeal.
In Commission practice, each individual Commissioner is charged with personally
responding to requests for his or her own recusal, and such decisions are not appealable to the
entire Commission.10 Individual Commissioners traditionally look to the standards applied to
Federal judges when considering recusal requests.11 Federal courts have held that “an agency
official should be disqualified only where ‘a disinterested observer may conclude’ that the official
‘has in some measure adjudged the facts as well as the law of a particular case in advance of
hearing it.’”12 Similarly, the NRC recognizes that a Commissioner should disqualify him or
herself only if “a reasonable man, cognizant of all the circumstances, would harbor doubts about
the judge’s impartiality.”13
The Intervenors argue that my future employment with NEA marks a change from
“safety regulator to that of an institutional advocate for expanded use of nuclear power.”14 This
concern seems to be based on the portion of NEA’s Mission Statement which says that the NEA
“assist[s] its member countries in maintaining and further developing, through international
cooperation, the scientific, technological and legal bases required for a safe, environmentally
employment.” That is not the case here. The simple fact that NEA—an organization of national
governments that counts as a chief mission research—has discussed an emerging nuclear
technology does not indicate a that there will be a direct and predictable impact on NEA’s
financial interests from the Fermi proceeding.
10

See Pacific Gas & Elec. Co. (Diablo Canyon Nuclear Power Plant, Units 1 & 2), CLI-80-6, 11
NRC 411 (1980).
11

In re Joseph Macktal, CLI-89-14, 30 NRC 85, 91 (1989); see also Decision on the Motion of
Nye County, Nevada, for Recusal/Disqualification of NRC Chairman Allison M. Macfarlane
(September 9, 2013).

12

Nuclear Info. & Res. Serv. (NIRS) v. NRC, 509 F.3d 562, 571 (D.C. Cir. 2007) (quoting
Cinderella Career & Finishing Sch., Inc. v. FTC, 425 F.2d 583, 591 (D.C. Cir. 1970)).

13

Macktal, 30 NRC at 91.

14

Motion at 5.

-5friendly and economical use of nuclear energy for peaceful purposes.”15 The Intervenors’ focus
on the NEA’s role in encouraging maintenance and development of nuclear power signals a
misunderstanding of NEA’s purpose, role, and governance structure.
A clearer picture of NEA’s purpose and role—which focuses not on the “development
and maintenance of . . . nuclear power,” as intervenors appear to contend, but upon the
development and maintenance of the scientific, technical, and legal basis for ensuring that
nuclear power, where it is used, is used in a safe, environmentally friendly, and economical
manner—can be gleaned from the second portion of NEA’s Mission Statement: “To provide
authoritative assessments and to forge common understandings on key issues as input to
government decisions on nuclear energy policy and to broader OECD policy analyses in areas
such as energy and sustainable development.”16 The NEA is primarily a research and policy
agency. Working with governmental agencies from its member countries—including the
NRC17—NEA works in six key areas: (1) nuclear safety and regulation activities, which “assist
member countries in their efforts to develop high standards of safety . . . by supporting the
development of effective and efficient regulation and oversight . . . and by helping to maintain
and advance the scientific and technical knowledge base;” (2) radioactive waste management
activities, which “assist . . . in the development of safe, sustainable and broadly acceptable
strategies for the long-term management of all types of radioactive waste;” (3) radiological
protection and public health activities, which “assist member countries in the regulation and
implementation and further development of the system of radiological protection by identifying
and effectively addressing conceptual, scientific, policy, regulatory, operational and societal
issues;” (4) nuclear science activities, which help to “identify, collate, develop and disseminate
15
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NRC staff participate in NEA working groups, committees, and meetings. The NRC’s
strategic cooperation with NEA “complements and expands NRC's research program.”
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-6the basic scientific and technical knowledge required to ensure the safe, reliable and economic
operation of current and next-generation” technology; (5) activities related to the development
and use of nuclear energy, which focus on providing governments and other users “with
authoritative, reliable information on a broad range of factors relevant to the current
performance and future viability of nuclear power generation . . . for use in policy analysis and
decision-making;” (6) legal affairs activities, which focus on “creat[ing] sound national and
international legal regimes required for the peaceful uses of nuclear energy;” (7) data bank
services, which create an “international center of reference for . . . member countries with
respect to basic nuclear tools . . . used for the analysis and prediction of phenomena in the
nuclear field;” and (8) information and communication activities.18 These activities are funded
by the NEA and OECD membership as a whole. No one country or company benefits from
these activities. Moreover, the NEA has no regulatory authority; although it issues analyses and
recommends actions for its member countries, it cannot impose requirements on its members.
It is up to the government of each member country, and, in particular, its regulators, to decide
whether to adopt NEA policy recommendations.
With a full understanding of the breadth and purpose of the activities at the NEA, which
are all focused on information exchange and policy, it is clear to me that no reasonable
individual would harbor doubts about my impartiality in the Fermi COL proceeding. The granting
or denial of the Fermi COL—let alone a decision regarding a contention based on the license
application—will have no impact on the NEA’s financial health or even its future research or
policy activities. Similarly, future activities by the NEA will only affect the Fermi COL
proceeding—or other NRC licensing activities—if the NRC decides to adopt future NEA policy
recommendations. Such a decision would be based on the NRC’s usual regulatory procedures,
including any necessary public input and interaction.
18
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-7Courts have long held that “[a]dministrative officers are presumed objective and ‘capable
of judging a particular controversy fairly on the basis of its own circumstances.’”19 It has been
my duty since I began my tenure at the Commission to meet my quasi-adjudicatory duties by
weighing the evidence and arguments impartially and basing each decision on the adjudicatory
record and applicable law. So long as I remain an administrative officer of the NRC, I fully
intend to continue to discharge my duties in a fair and impartial manner.
CONCLUSION
I have considered carefully both the arguments presented in the Motion and the
applicable legal standards. I find no basis for my recusal and respectfully decline to recuse
myself from review of LBP-14-07 or any other matter before the Commission in this proceeding.

_/RA/________________________
William D. Magwood, IV
NRC Commissioner
Dated at Rockville, Maryland
this 14th day of July, 2014
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that natural assets continue to provide the resources and environmental services on which well-being relies.
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Chapter 2. Promoting the transition to green growth

The energy sector presents a particular challenge to achieving green growth, due to its size,
complexity, path dependency and reliance on long-lived assets. Green growth policies for the energy
sector can achieve important outcomes, including better resource management, innovation and
productivity gains, creating new markets and industries, and reducing environmental damage.
It is possible, using existing and emerging technologies, to halve global emissions by 2050, with
an additional cumulative investment of USD 46 trillion. All technology options are needed, and
fundamental changes are also required by key energy users: transportation, industry and buildings.
The energy revolution that is needed can be characterised by the following elements: improved
energy efficiency, widespread introduction of carbon capture and storage, increased deployment of
renewable energy, nuclear energy, continued fuel switching, and support for new and enabling
technologies.
Broadly, the key policies that are required to set the framework for the transformation of the
energy sector include (these will vary by energy sector):
•

Provide price signals for externalities.

•

Eliminate fossil fuel subsidies.

•

Set frameworks to make markets work.

•

Radically improve energy efficiency.

•

Foster innovation and green technology policy.
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Promoting the transition to a green energy economy is not about seeking some pre-determined
outcome. Rather, it is about meeting the energy needs that a growing population and development
aspirations demand while strongly diverging from the environmental pressures inherent in the current
energy system. Given the preponderance of fossil fuel in the current energy mix, decarbonisation plays a
centrally important part of the transition. But a green energy economy is about more than climate change
and greenhouse gas emissions. The scale of the challenge is certainly big enough to evoke the need for
Schumpeter’s idea of "creative destruction". Breaking with the path dependency of existing technologies
will require new technologies and ideas that are unlikely to spring from some predetermined and
incremental plan.
The pace of change could be rapid. The costs of some renewable energy technologies have declined
and additional costs reductions are expected. However, there remain significant barriers to deployment
from inadequate infrastructure and regulatory approaches. Wind turbines will not deliver their product if
grids are feeble, and plug-in electric vehicles cannot run on the wind power if there are not sufficient
places to plug them in. Technology, infrastructure, markets and enabling conditions are all critical parts
of the transformation. Drastically changing energy infrastructure and equipment on a national scale is a
complex undertaking. Shifting to a green growth trajectory requires particular attention to energy
efficiency and to network infrastructure such as electricity grids and transport networks that enable rather
than constrain economic transformation, and avoid locking-in sub-optimal and long-lived capital assets.
This chapter presents some of the benefits and potential trade-offs of a shift to a greener energy
system. It then discusses the technologies and main policy options that can accelerate the transition to a
green growth trajectory.

Green growth and energy: What’s at stake
Greening energy will be among the earliest drivers of greener growth. Meeting growing energy
demand will mean a total investment in the sector of USD 270 trillion over the next four decades (IEA,
2010a). This potentially provides an enormous opportunity to create a more sustainable base for
economic and social development. Innovative ways of providing the energy services that drive economic
activities and underpin well-being in a clean and sustainable way could provide new growth
opportunities, creating new businesses and jobs and offsetting losses from contracting sectors.
Developing countries have opportunities to leap-frog by employing greener and more efficient
technologies, business models and regulatory frameworks. Emerging economies will not become rich by
following the same path as those that industrialised earlier. The environmental costs would be too high,
both at the local and the global level.
Policy makers and businesses are making commitments. National targets for renewable energy are
spreading. More than seventy governments around the world, including all International Energy Agency
(IEA) member countries, have put in place targets and policies to support development of renewable
energy technologies. In doing so, they pursue a wide variety of objectives, including improving energy
security and access to modern energy services; reducing dependence on energy imports; protecting the
environment; providing employment; and strengthening the competitive edge of domestic industry
(Philibert, 2011).

Clean energy investments and new market opportunities
Given the depth of the world recession that ensued after the financial crisis in 2008, it is not
surprising that 2009 witnessed a drop in total investment in the clean energy sector. However,
Bloomberg New Energy Finance figures (2011) show that new investment ended up dropping less than
24
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expected, partly due to soaring clean energy investment. Investments were particularly high in China.
Full-year figures, based on actual transactions across all asset classes, show that new investment
worldwide during 2010 totalled USD 243 billion (BNEF, 2011).
These findings highlight two things: that clean energy remains a sector with strong long-term growth
fundamentals even during tough economic times; and that Asia has arrived not just as a big consumer of
energy, but also as one of the regions investing the most in clean energy capacity. It is well documented
that China’s focus until recently was ramping up its domestic manufacturing capacity of renewable
energy technologies. What changed in 2009 is the focus on building additional generation capacity in
order to meet demand for power and absorb the output of China’s manufacturers. The race for clean
energy technology implementation by the world’s nations is taking shape.
In 2010, China took first place among the G20 group of countries in clean energy investments, with
total investments of USD 47.3 billion (renewable energy only). Mandatory targets for wind and solar
power and the ample availability of credit have been the primary engines of China’s clean energy
growth. With 53 gigawatts (GW) of renewable energy in 2009, China was second in the world for
installed renewable energy capacity, just behind the United States (GWEC, 2010). China also has some
of the world’s most ambitious renewable targets supported by fixed-rate feed-in tariff for wind, biomass
and solar, calling for 2020 installation targets of 150 GW, 30 GW and 20 GW from these sources
respectively. It has built a strong manufacturing base, particularly in solar, and is moving to meet
growing domestic energy consumption through rapid installation of clean energy power generation
capacity. China looks to become the market leader in low-carbon technologies, poised to play a key role
in driving down costs to the benefit of all countries
The United States dropped to second place among the G20 countries in clean energy investments in
2009. It ended 2010 with total investments of USD 20.7 billion. Tight credit, uncertainty about tax
incentives early in the year and lack of a strong national policy framework has constrained more robust
investment. Also, ethanol investments that fuelled progress in the two previous years waned in 2008 and
2009. However, advanced biofuels, energy efficiency and smart grids saw investment gains. The 2009
enactment of long-term production tax credits (wind) and investment tax credits (solar) helped salvage
what could have been a disappointing year. US clean energy investments were poised to climb in 2010,
when much of the clean energy stimulus funding (USD 66 billion) was due to be spent. The United
States continues to dominate venture finance and technology innovation, but it lags in manufacturing.

Reduce energy poverty
It is widely recognised that reliable and modern energy services are needed to facilitate the
achievement of the UN Millennium Development Goals. The IEA’s WEO-2011 highlights how crucial
modern energy services are to human well-being and to a country’s economic development, and yet
many poor households in developing countries still do not have access to them. Exposure to indoor air
pollution from cooking with traditional methods creates serious health problems and greatly increases the
risk of premature death. The numbers are striking: some 1.3 billion people – nearly 20% of the global
population – lack access to electricity and 2.7 billion people – around 40% of the global population – rely
on the traditional use of biomass for cooking (IEA, 2011a). Worse, WEO-2011 projections suggest that
the problem will persist in the longer term: in the New Policies Scenario, 1 billion people still lack access
to electricity in 2030, more than 60% of which are in sub-Saharan Africa. In the same scenario, despite
progress, population growth means that the number of people relying on the traditional use of biomass
for cooking is still around 2.7 billion in 2030.
In order to provide universal modern energy access by 2030, cumulative investment of USD 1 trillion
is required – an average of USD 48 billion per year, more than five-times the level of investment
observed in 2009 (IEA, 2011a). Nonetheless, the total investment required is a small share of global
OECD GREEN GROWTH STUDIES: ENERGY © OECD 2011
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investment in energy infrastructure, around 3% of the total. To arrive at this estimate, it was first
necessary to assess the required technical solutions, such as the combination of on-grid, mini-grid and
isolated off-grid solutions for electricity access. To identify the most suitable technology option, for
providing electricity access in each region, WEO-2011 analysis takes into account regional costs and
consumer density, resulting in the key determining variable of regional cost per megawatt-hour (MWh).
When delivered through an established grid, the cost per MWh is cheaper than that of mini-grids or offgrid solutions, but the cost of extending the grid to sparsely populated, remote or mountainous areas can
be very high and long distance transmission systems can have high technical losses. It also estimates that
achieving universal access by 2030 would increase global electricity generation by 2.5%. Demand for
fossil fuels would grow by 0.8% and carbon dioxide (CO2) emissions go up by 0.7%, both figures being
trivial in relation to concerns about energy security or climate change.

Reduce air pollution – improve productivity and health
Sulphur dioxide, nitrogen oxides and particulate matter all have negative effects, both on human
health and the environment. The effects of these gases are not limited to the country or region in which
they are emitted, but are felt beyond national borders.
In China, the external costs of pollution – such as health costs, loss in labour productivity and loss in
land productivity – amounted to 3.8% of GDP in 2005 (World Bank, 2007). Burning fossil fuels costs the
United States about USD 120 billion a year in health costs, mostly because of thousands of premature
deaths from air pollution (US National Research Council, 2009). This figure reflects primarily health
damage from air pollution associated with electricity generation and motor vehicle transportation and
does not include damage from climate change, harm to ecosystems, effects of some air pollutants such as
mercury and risks to national security.
Coal accounts for about half the electricity produced in the United States. In 2005 the total annual
external damages from sulphur dioxide, nitrogen oxides, and particulate matter created by burning coal
were about USD 62 billion; these non-climate damages average about 3.2 US cents for every kilowatthour (kWh) of electricity. A relatively small number of plants, 10%, accounted for 43% of the damages
(US National Research Council, 2009).
There is evidence indicating that an integrated approach addressing both air pollutants and
greenhouse gas emissions, such as through energy efficiency improvements, can be considerably less
costly than dealing with the issues separately (IPCC, 2007). While pursing air pollution and climate
change objectives may not always be complementary, there are local air pollution benefits from pursuing
clean energy policies which lower the net costs of greenhouse gas emission reductions. OECD analysis
indicates that the co-benefits from climate change mitigation in terms of reduced outdoor local air
pollution might cover a significant part of the cost of action, although air pollution control policies
appear to be typically cheaper than indirect action via greenhouse gas emissions mitigation (Bollen et al.,
2009).

Potential trade-offs and adjustment costs
While the benefits and opportunities from moving towards a cleaner energy mix are considerable, the
transition to a green energy system will not be without upfront costs. Careful attention will need to be
paid to the associated adjustment and distributional challenges. Indeed, green growth in the context of
energy generation presents particular challenges given the size, inertia and long-lived nature of many of
the assets in energy systems. The entire structure of the energy economy of many countries is built
around centrally supplied fossil fuel generated schemes that will take time to change.
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This section reviews the range of cost estimates associated with a transition in the energy system
required to tackle climate change, but does not attempt to formally assess the cost-benefit comparison.
As shown in the section above, the benefits of greening the energy system go far beyond considerations
of climate change. Nevertheless, from a political perspective, at least with respect to climate change, the
Cancún agreement to limit global temperature rise to below 2˚C has already made this cost-benefit tradeoff: the decision has been taken by the world’s governments that the costs of inaction on climate change
outweigh the costs of transition.
The sector with one of the highest adjustment costs in terms of additional capital investment will be in
the transport sector. Of the cumulative additional investment from 2009-2035 in the IEA 450 Scenario
relative to the New Policies Scenario, USD 6.3 trillion, or over 40%, is needed in the transport sector.
Most of this is directed towards the purchase of more efficient or alternative vehicles. The building sector
is another large recipient of additional investment in the 450 Scenario, amounting to USD 4.1 trillion.
Refurbishment of buildings in OECD countries and solar phototovoltaic (PV) installations account for
most of the investment. Within power generation, there is some avoided investment in electricity
transmission and distribution lines, totalling about USD 930 billion. The lower level of electricity
demand in the WEO-2011 450 Scenario – achieved through the USD 2.7 trillion investment made in
buildings and industry in improving efficiency of electricity end-use – leads to a reduction in grid
infrastructure investment of around USD 1.1 trillion. The increased usage of renewable energy, which
requires greater investment in transmission and distribution than other energy sources, adds nearly
USD 165 billion in the 450 Scenario, partially offsetting the savings due to lower demand.
The additional capital only tells part of the story however, since it does not reflect overall return on
capital or wider economic impacts. Similarly to many so-called integrated assessment models, the
forthcoming OECD economy-environment modelling (OECD, 2012a forthcoming) provides a way of
understanding how constraints on carbon emissions could impact economic growth over the course of the
century. According to the OECD Environmental Outlook to 2050, a cost-effective 450 parts per million
(ppm) pathway would lead to a reduction of GDP in 2050 of 5.5% (ENV-Linkages), but these costs rise
rapidly when less cost-effective technology choices or timing of mitigation action are implemented.
Recent reviews of models include Edenhofer et al. (2009, 2010) and the Energy Modelling Forum
(Clarke et al., 2009). These studies indicate that the total economic cost of limiting carbon emissions
depends very strongly on the speed at which emission reductions are made, the overall level of emission
reduction and thereby the overall constraint on carbon concentrations. Disregarding climate change
externalities, the models estimate that limiting emissions to 650 ppm CO2eq would result in an economic
loss in the region of 0.5% of global GDP, a 550 ppm CO2eq limit would cost between 1%-2% of global
GDP, and a 450 ppm CO2eq would cost around 2.5%-7% of global GDP.
The above values are averages across a number of different models, and the cost estimates vary
widely between models depending on their structure and assumptions. Tavoni and Tol (2010) point out
that the model average for the 450 ppm scenario is biased as it excludes results from models that were
unable to reproduce the 450 ppm scenario (essentially finding this scenario technically infeasible).
Deducing the implied average costs across a wider group of models, Tavoni and Tol estimate that the
costs of a 450 ppm scenario could be as high as 8%-13% of global GDP. However, technology
assumptions are critical. Tavoni and Tol show that including the possibility to capture CO2 from
biomass-fired plant (or some other backstop technology for removing CO2 from the atmosphere) reduces
the model average for 450 ppm to 2%-2.5% of global GDP.
The lower cost estimates are broadly consistent with the range identified in the Stern review, which
based on a review of literature estimated adjustment costs to meet a 550 ppm CO2eq constraint
between1%-3.5% of GDP, with an average of around 1% (Stern, 2006).
These adjustment costs have to be judged not in isolation, but against the welfare gains and avoided
damages from addressing climate change and other environmental externalities, as well as the other
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potential benefits to energy security of diversifying away from the current dependence on fossil fuels. As
well as providing estimates of the overall costs of transition, these modelling studies provide three
distinct policy lessons:
• All of these studies point to the need for early co-ordinated action. Delays tend to increase costs,
because they steepen the rate of transition required in later years.
• Constraining the types of technology that can be used in the energy sector transition
substantially increases costs. For example, the IEA’s Energy Technology Perspectives (ETP)
model indicates that the additional costs of electricity generation in the Blue Map scenario could
be anything from 6% to 38% higher than the baseline scenario depending on the level of nuclear
power and carbon capture and storage available in the mix (IEA, 2010a).
• Involvement of as wide a group of countries as possible in the energy transition is important. The
Energy Modelling Forum integrated assessment models typically show adjustment costs around
30%-100% higher under a scenario in which there is a delayed start amongst some countries
towards meeting a 550 ppm target (Clarke et al., 2009).

Key technologies for green growth and energy
Moving to a sustainable energy future will require an energy technology revolution. Using a
combination of existing and new technologies, it is possible to halve worldwide energy-related CO2
emissions by 2050 with respect to current levels (Figure 2.1). Achieving this will be challenging and will
require significant investment, but the benefits will also be large. It is estimated that cutting emissions
from 2005 levels in half by 2050 will require USD 46 trillion of new investments in clean energy, a
further increase of 17% on top of baseline investments. Between 2007 and 2009, annual investments in
low-carbon energy technologies averaged approximately USD 165 billion (IEA, 2010a) with investment
in 2010 at nearly USD 250 billion.
Figure 2.1. Key technologies for a low-carbon energy system in 2050

Source: IEA (2010), Energy Technology Perspectives 2010.

28

OECD GREEN GROWTH STUDIES: ENERGY © OECD 2011

2. PROMOTING THE TRANSITION TO GREEN GROWTH

It is important to note that all technology options are needed. For instance, WEO-2011 and the OECD
Environmental Outlook to 2050 suggest that a progressive nuclear phase-out incur additional investments
to 2035 of USD 1.5 trillion, globally leading to a reduction of household real income by more than 5%.
Similarly, these studies reveal that the unavailability of carbon capture and storage (CCS) technology
would need to be offset by more expensive alternatives, increasing costs by at least a third. The changes
cannot be restricted to electricity generation; fundamental changes are also needed in industry, transport
and buildings. The key potential contributions to this energy technology revolution are described in the
IEA’s Blue Map scenario:1
• Improved energy efficiency – the biggest share of the total emissions reduction (38%) comes
from an increase in energy efficiency. The annual improvement in global final energy
intensity would need to increase from 1.7% to 2.6%. This requires a doubling of the rate of
energy efficiency improvement from a business-as-usual path. These accelerated rates of enduse efficiency gains will require the immediate implementation of stronger national energy
efficiency policies and measures (IEA, 2009a) to overcome market barriers. These take many
forms, from inadequate access to capital, isolation from price signals, information asymmetry,
and split-incentives. In the industrial sector, national policies and measures and international
sectoral agreements are needed to encourage the adoption of best available technologies to
deliver more efficient processes and products (IEA, 2009b). Overall, increased energy
efficiency will give net financial benefits, and experience shows that it can deliver significant
co-benefits, including job creation and health improvements.
• Widespread introduction of carbon capture and storage – the second-largest share (19%) of
least-cost emissions reductions comes from the rapid and widespread introduction of CCS,
both in power generation and industry. Given the long life of boilers and power generating
equipment, CCS capacity will need to be retrofitted to some existing facilities to achieve the
levels of penetration needed.
To make this contribution, it is estimated that about 100 projects would be required by 2020
to support CCS deployment globally, roughly half of them in developing countries (IEA,
2009c). Continued political leadership is essential at both national and international levels to
achieve the goal of broad deployment of CCS by 2020. Heightened urgency on the part of all
stakeholders is needed to realise the number of projects that constitute the critical first steps in
the deployment of CCS. Greater engagement of developing countries through, for example,
capacity building and mapping of storage potential, will also be important steps in furthering
CCS deployment.
• Increased deployment of renewable energy – the third-largest share (17%) is due to
substantial further deployment of renewable energy technologies. By 2050, almost half of
total electricity generation would need to be from renewable energy sources, up from 19%
today. Wind, solar photovoltaic (PV), concentrating solar power (CSP), biomass and hydro, in
particular, will all have an important role to play. For example, the scenario envisages an
average annual addition of 48 GW of onshore wind for the next 40 years. Over the same
period an average of 325 million square metres of PV panels would need to be installed every
year. Enhanced renewable power capacity will also require increased back up capacity based
on fossil fuel technologies to ensure system reliability and to address the variable nature of
certain renewables.
• Continued fuel switching – a major part of the emissions reduction is an increase in the share
of nuclear. This would require around 30 nuclear plants of 1 000 megawatts (MW) to be built
each year from 2010 to 2050. Countries are currently constructing 65 nuclear reactors that are
due to add 60 GW by 2015. However, the recent damage to nuclear facilities in Japan in the
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wake of the earthquake and tsunami is likely to slow expansion plans, at least in the short
term. The international system of safeguards on nuclear technology and materials should be
maintained and strengthened where necessary. The physical protection of sites and materials
must also be ensured. In addition, extensive fuel switching in industry from coal to lowcarbon fuels, in particular biomass, as well as natural gas, has to be implemented. In the
transport sector, sustainable biofuels, in particular advanced biofuels, together with increasing
electrification of the vehicle fleet, will become increasingly important over the next decades.
A number of important cross-cutting enabling technologies will be needed to underpin these
transformations. For example, to make the maximum use of energy efficiency, renewable power
generation and electric vehicles, substantial investment will be needed in smart electric grids and in
energy storage. Smart grids include systems to balance supply and demand, automate grid monitoring
and control, flatten peak demand and communicate in real-time with consumers. Many emerging energy
technologies show variability in their output (wind power, solar PV) and require a more flexible energy
system (IEA, 2011b). For example, batteries and other energy storage technologies will be key enablers.
Strong linkages between basic science and applied energy research are needed to maximise
breakthroughs.
To help advance global development and uptake of key technologies, the IEA is developing a series
of technology roadmaps. These identify priority actions for governments, industry, financial partners and
civil society that are needed to realise the technology’s full potential (IEA, 2010b). The roadmaps reveal
a number of cross-cutting issues that need to be addressed to expedite a range of low-carbon
technologies, including the need to:
• Strategically plan capital-intensive infrastructure such as smart grids and CO2 pipeline networks
on a regional basis.
• Involve local communities early in planning for large-scale demonstration and infrastructure
projects for low-carbon developments to ensure that their needs are taken into consideration at
the design stage.
• Increase outreach and communication on the scale of changes needed to achieve low-carbon
energy outcomes and the associated costs and benefits over the next 40 years.
• Strengthen co-ordination and knowledge sharing in the international community to accelerate the
transition from demonstration to commercialisation of the technologies.
• Facilitate emerging and developing economies to exploit clean energy through technologyspecific capacity building and approaches tailored to their needs and opportunities.
To date, low-carbon technology roadmaps include: biofuels, carbon capture and storage, carbon
capture and storage in industrial applications, cement, concentrating solar power, electric and plug-in
hybrid vehicles, energy efficiency in buildings: heating and cooling systems, geothermal, nuclear power,
smart grids, solar photovoltaic power and wind energy (Box 2.1).
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Box 2.1. How to make a better and greener building block
Cement is the essential “glue” in concrete, a fundamental building block all around the world. Concrete is
second only to water in total volumes consumed annually by society. But making cement co-produces CO2 to the
degree that the cement industry is responsible for 5% of global man-made CO2 emissions. In developing
countries, in particular, cement production is forecast to grow as modernisation and growth expands. Product
substitution at a sufficient scale for real impact is not an option for at least the coming decade.
In recent years the cement industry has achieved a partial decoupling of growth and absolute CO2 emissions:
worldwide cement production grew by 54% from 2000 to 2006, whereas its absolute CO2 emissions rose by 42%.
Yet, this trend cannot continue past the point where the growth of market demand for concrete and cement
outpaces the technical potential to reduce CO2 emissions per tonne of product.
Recognising the urgency of identifying technology to reduce the carbon intensity of cement production, the
World Business Council for Sustainable Development Cement Sustainability Initiative (CSI) joined with the IEA
to develop a technology roadmap for cement. Since 2002, CSI member companies have collectively made
significant progress on measuring, reporting and mitigating their CO2 emissions, and sharing their progress with
the rest of the cement industry. The roadmap is a logical and complementary next step. It outlines a possible
transition pathway for the cement industry to reduce its direct CO2 emissions 18% from current levels by 2050.
Source: WBCSD and IEA (2009), “Cement Technology Roadmap 2009: Carbon Emissions Reductions up to 2050”.

A policy framework for greening energy
Given differing national circumstances and stages of development, there is no generic policy
prescription for fostering greener energy systems. The transition will vary across regions and between
countries depending upon their human and natural capital and economic conditions. However, in all
cases, it should generally seek to foster growth while valuing, maintaining and restoring natural capital;
promote enhanced resource and energy efficiency along the entire chain from production to end-use
applications and waste disposal; move to low carbon technologies and processes and renewable energy
sources; and enhance energy security and reliability.
Finding the right policy framework for growth has never been straightforward. Integrating green
growth compounds the challenge. The experience of OECD countries, confirmed also by the experience
of many emerging economies, suggests that while there is no single recipe for success, there are certainly
some important common ingredients.
Green growth strategies need to consider a timeline spanning decades and examine how different
existing and emerging technologies and new business models fit within the overall transition. At their
heart they must be internalised in a government’s core economic policies. Beyond that, pursuing green
growth in the energy sector will require coherent and supporting policies in many other domains
including agriculture, construction, industry, transport, investment, taxation, environment, science and
technology and education. In addition, international co-operation will be critical, notably in setting robust
and credible price signals and markets for carbon, advancing material and technology research,
development and deployment, technology transfer and broadening markets for both goods and networks.
Powerful forces of competition and robust markets spur economic growth. In the environmental
domain, however, markets are incomplete. To correct this, natural capital needs to be fully priced
through market-based policy instruments. Putting a price on a pollution source or on the overexploitation of a scarce resource to value the environmental externalities through mechanisms such as
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taxes or trading schemes is the most efficient single policy measure. Yet, given the presence of several
interacting market failures, in many cases an appropriate policy response will involve a mix of
complementary instruments including regulatory policies. Infrastructure is an important element of
growth and as a consequence, getting this part of the policy mix right for energy and transportation
systems is crucial, and innovation in these areas will be essential (OECD, 2011a).
Furthermore, policies are required to overcome the market failures associated with green innovation.
Appropriate pricing of externalities, general innovation policies, technology transfer, and the
development of enabling infrastructure can go a long way in addressing these market failures. But the
emergence of new technologies is a process that requires long-term investment, often initiated in public
research institutions before being picked-up by firms. Hence, more specific and possibly temporary
direct support for clean technologies may also be needed.2
The future is inherently uncertain, so a portfolio approach to policy is likely to be needed. Policy
priority should be given to implement “low-hanging fruit” options that will reap financial benefits. These
can help “buy time” that is needed to decrease costs of emerging technologies through initial deployment
and make novel technologies available through research development, demonstration and deployment
(RDD&D).
Policy packages, based on free and open markets as a fundamental point of departure, will be
required to deliver results. The key areas that are applicable to most countries and sectors are explored in
more detail below.

Eliminate fossil fuel subsidies
One of the most powerful tools to transition to green growth in the energy sector is to eliminate
inefficient fossil fuel subsidies. These remain commonplace in many countries (Figure 2.2). They make
carbon emissions cheaper, the very opposite of what any policy objective to reduce emissions calls for.
Beyond that, they result in an inefficient allocation of resources and market distortions, while often
failing to meet their stated objectives.
Fossil fuel consumption subsidies, as measured using the gap between domestic prices and an
international reference benchmark, amounted to USD 409 billion in 2010, with subsidies to oil products
representing almost half of the total (IEA, 2011a). Persistently high oil prices have made the cost of
subsidies unsustainable in many countries and prompted some governments to act. The annual level can
fluctuate widely with changes in international energy prices, domestic pricing policy, exchange rates and
demand. These subsidies, identified by the IEA, are mainly found in developing and emerging
economies. Only 8% of the USD 409 billion spent on fossil fuel subsidies in 2010 was distributed to the
poorest 20% of the population, demonstrating that they are an inefficient means of assisting the poor;
other direct forms of welfare support would cost much less.
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Figure 2.2. Fossil fuel consumption subsidies for top 25 economies
USD Billions, 2010
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The OECD has compiled an inventory of over 250 measures that support fossil fuel production or use
in 24 industrialised countries, which together account for about 95% of energy supply in OECD
countries. Those measures had an overall value of about USD 45-75 billion a year between 2005 and
2010. In absolute terms, nearly half of this amount benefitted petroleum products (i.e. crude oil and its
derivative products), with the rest equally split between coal and natural gas. Because several OECD
countries do not produce significant amounts of fossil fuels, consumer measures account for a large share
of overall support. Producer support remains, however, far from negligible in those OECD countries that
produce fossil fuels.
A significant portion of the support provided in OECD countries is through tax expenditures such as
tax credits, exemptions or reduced rates. These provisions provide a preference for fossil fuels compared
with the “normal” tax rules in the particular country. Since normal tax rules and rates vary so much
between countries, however, this type of support is not readily comparable. Nevertheless, the OECD
inventory marks a significant step towards greater transparency and accountability with respect to those
policies that relate to the production or use of fossil fuels. While it does not evaluate the merits of
individual policies, the inventory is a critical first step that will facilitate analysis and understanding of
which of these mechanisms may be inefficient or wasteful, and for identifying options for reform.
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Phasing out fossil fuel subsidies represents a triple-win solution. It would enhance energy security,
reduce emissions of air pollutants and greenhouse gases and bring immediate economic gains. IEA
estimates indicate that, relative to a baseline in which rates of subsidisation remain unchanged, if fossil
fuel subsidies were completely phased out by 2020, oil demand savings in 2035 would be equal to 4.4
million barrels per day (mb/d.) Moreover, global primary energy demand would be cut by about 5% and
CO2 emissions by 5.8% (2.6 gigatonnes, Gt) (IEA, 2011a). Reduced demand growth for fossil fuels
would also lead to lower emissions of particulate matter and other air pollutants.
There is indeed significant scope for reducing the heavy burden that these subsidies place on
government budgets, while also better targeting support to those who most need it. OECD analysis
suggests that most countries or regions would record real income gains from unilaterally removing their
subsidies to fossil fuel consumption, as a result of a more efficient allocation of resources across sectors.
The cost of mitigation in the 450 Scenario decreases if fossil fuel subsidies are phased out in parallel.
These lower costs would occur first and foremost in the countries undertaking the subsidy reform, but
also at the global level (OECD, 2012a forthcoming).
Considerable momentum is building to cut fossil fuel subsidies. In September 2009, G20 leaders
committed to phase out and rationalise inefficient fossil fuel subsidies, a move that was closely mirrored
in November 2009 by Asia-Pacific Economic Cooperation (APEC) leaders.3 Many countries are now
pursuing reforms, but steep economic, political and social hurdles will need to be overcome to realise
lasting gains. The OECD and the IEA have established a joint online database to increase the availability
and transparency of data on energy consumer subsidies and measures that support the production or use
of fossil fuels in OECD countries.4 This represents an essential step in building momentum for a global
fossil fuel subsidy reform.
A roadmap is also provided to guide policy makers in implementing fossil fuel subsidy reform (IEA,
OECD and the World Bank (2010). It draws from lessons learned from case studies in developed and
developing countries. Particular attention is devoted to how to identify those subsidies that should be
phased out, to address implementation challenges including policy obstacles and affordability
constraints, and to facilitate the reform process through the use of targeted assistance, safety-nets and
industrial restructuring packages. It considers the challenges in both consumer and producer subsidies.
The roadmap may help policy makers to diagnose the key problems and the required policy response for
subsidy reform.
Many countries, both within and outside of the G20 group, are moving ahead with reforms. While
this is a very encouraging start, the full extent of the potential gains will only be realised if more
countries raise the level of ambition and implement fossil fuel subsidy reform.

Provide price signals for externalities
Numerous OECD studies highlight that appropriate pricing of externalities is a key to enable a more
level playing field, influence consumer behaviour and promote innovation. The best choice of policy
instruments to address environmental externalities will vary according to the nature and size of the
predominant market failure as well as to the differences in institutional capacities of the respective
countries, but there are many examples of success in the energy sector. For example, market-based
sulphur dioxide (SO2) allowance trading component of the US Acid Rain Program allows utilities to
adopt the most cost-effective strategy to reduce SO2 emissions at units in their systems and has had
environmentally successful results.
Economists have long recommended using economic instruments to cut pollution at least cost
through mechanisms such as taxes, emissions trading systems or hybrid systems. These should ensure
that no emitter pays more, at the margin, than another. Hence the environmental goal is met at least cost
for society. Both types of instruments have been introduced for CO2 emissions from fossil fuel
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combustion in a number of countries and regions – CO2 taxes since the early 1990s and emissions trading
a decade or so later. Putting a price on greenhouse gas emissions through taxes and emission trading
schemes introduces incentives to which investors are already reacting (Box 2.2).

Box 2.2. Lessons from the EU Emissions Trading Scheme
Launched on 1 January 2005, the European Union Emissions Trading System (EU ETS) represents the
world’s largest greenhouse gas emission trading system. The system now operates in 30 countries (the 27 EU
Member States plus Iceland, Liechtenstein and Norway). It covers CO2 emissions from installations such as
power stations, combustion plants, oil refineries and iron and steel works, as well as factories making cement,
glass, lime, bricks, ceramics, pulp, paper and board. Together with nitrous oxide emissions from certain
processes, the currently covered installations account for almost half of the EU's CO2 emissions and 40% of its
total greenhouse gas emissions.
Experiences from the EU ETS show that the price signal transmitted through trading systems is effective in
triggering the search for less-emitting ways of production (Ellerman and Buchner, 2008; Ellerman, Convery and
de Perthuis, 2010). Even in the first years of the system, when difficulties loomed large, the price signal induced
economic actors to reduce their emissions cost-effectively despite robust economic growth and other factors that
could have caused emissions to increase. Abatement during the trial period has been modest, probably between
120 and 300 million tonnes of CO2, but this is in line with the ambition of the pilot phase, which was modest. In
addition, it takes time for the effects of a CO2 price to sink in and for investments to bear fruit.
Following the introduction of the EU ETS, the price of carbon is now an economic reality in the European
Union, and is taken into account in operating choices and investment decisions in the industry and electricity
sectors.

A clear, predictable carbon price is likely to be an important driver of change. But it is unlikely on its
own to drive short-term investments in the more costly technologies that have long-term environmental
and economic benefits. While regional and some unilateral national initiatives on pricing are emerging
and there is significant and positive experience with the EU ETS, a truly global carbon market looks
unlikely to emerge in the near future. Many energy-efficient and some low-carbon energy supply
technologies are available today at zero or low additional net cost. But a number of other technologies
will not enter the market in a substantial way until prices are between USD 25 and 75 per tonne of CO2
(IEA, 2010a). This is much higher than the CO2 prices seen today (European Climate Exchange, 2011).
Therefore to avoid locking in inefficient, carbon-intensive technologies during the next decade,
governments will need to intervene with targeted policies to bring down the cost of low-carbon
alternatives and to create markets for technologies that are not yet fully commercial in the context of
their green growth strategies.

Set enabling conditions to support market functioning
Green growth strategies need to set the basic enabling conditions to allow markets to deliver the
desired outcomes as well as additional measures in areas where market signals are not fully effective. Of
course, the mix of policy tools, and how and when they are used, depends on national circumstances.
Much research has examined the breadth and effectiveness of a multitude of policies and measures and
different regulatory models that are used to address economic development and environmental protection
with a view to achieving sustainable development.
Governments are responsible for creating the domestic conditions for private investment to flourish,
through macroeconomic stability, good public governance, equitable and efficient tax systems, improved
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infrastructure and sound financial markets. Governments also set the frameworks for the protection of
property rights and the promotion of good corporate governance, competition and open trade policies.
Policy makers involved in green growth strategies should focus on enabling conditions including:
• Establishing sound regulatory frameworks over the long term that remove barriers to green
investments; regulating environmentally harmful practices through standards or command and
control regulations; and aligning regulatory regimes to foster green economic activity. This will
include integration of clear environmental goals into investment policies through a mix of
policies and instruments ranging from carbon pricing, research and development (R&D),
financial, and regulatory policies to “soft” measures such as education and information (OECD
2012b, forthcoming).
• Directing public spending to priority uses such as procurement methods that help build markets
for green products and services, and to infrastructure that enables the large-scale transformations
needed in energy and transportation systems. Another priority use may be transitional support for
immature technologies that is performance based and time-bound (i.e. with sunset clauses)
(Kalamova, Kaminker and Johnstone, 2011).
• Investing in education, training and capacity building. Enabling actions to foster wider industry
and public support for low-carbon energy systems include: fostering industry leadership;
developing a skilled low-carbon energy workforce; deepening public engagement and
strengthening international collaboration.
• Strengthening international governance in areas that regulate economic activity, e.g. trade and
investment laws and multilateral environment agreements.
While public investment is needed to catalyse the transition to a green economy, it will be the private
sector that will ultimately provide most of the investment. The transition offers significant new
opportunities for business, as a large range of green technologies will need to be developed and deployed
widely over the next few decades. Capital is limited and returns must be sufficient to warrant their
associated risks. Investment in new energy technologies and systems will require higher returns than
investments in traditional ones. Institutional investors, who hold the largest share of private-sector
funding, are risk adverse and will require predictable income streams in order to invest. Governments
need to pay close attention to the investment environment to ensure that there are framework conditions
that will attract the necessary funding. Policy predictability is important to enable investors to evaluate
the risk of policy changes on potential investments.

Radically improve energy efficiency
Policies to enhance energy efficiency offer a powerful and cost-effective tool to contribute to green
growth strategies (Box 2.3.). Efficiency improvements can reduce the need for investment in energy
infrastructure, cut fuel costs, increase competitiveness, lessen exposure to fuel price volatility, increase
energy affordability for low income households, cut local and global pollutants and improve consumer
welfare. Efficiency gains can also boost energy security by decreasing reliance on imported fossil fuels.
And results can be delivered soon. Allocating resources to energy efficiency can achieve many policy
objectives at the same time.
Further decoupling of energy use and economic growth demands efficiency gains along the whole
energy system from production to transformation, distribution and end-use applications. Energy
efficiency offers the biggest scope for better environmental performance and can also be a boost to green
growth in employment and economic efficiency. Energy-efficiency investments in buildings, industry
and transport usually have short pay-back periods and negative abatement costs, as the fuel-cost savings
over the lifetime of the capital stock often outweigh the additional capital cost of the efficiency measure.
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Energy efficiency measures are often most cost-effective when new plants or buildings are being
designed and built.

Box 2.3. Sample of recent national energy efficiency programme investments
Canada: The Government of Canada is investing CAD 400 million to renew the ecoENERGY Retrofit –
Homes programme.
Chile: Economic incentives introduced recently include the creation of a tax exemption for installation of
solar thermal systems; the implementation of a truck replacement programme (in 2009, the amount of the
programme was USD 3.8 million) and the creation of a tax incentive for the purchase of hybrid vehicles in 2008.
A National Agency of Energy Efficiency was established in May 2010.
France: Economic stimulus measures provide incentives for scrapping old vehicles and launch a zero-interest
loan programme for residential energy efficiency improvements. They also included energy requirements for new
buildings (50 kWh/m2/year) and energy efficiency assessment and renovation of state-owned buildings.
Korea: Stimulus package funds of USD 6 billion are to promote green homes, light-emitting diode(LED)
lighting in public facilities and efficiency in schools. USD 1.8 billion was allocated to support the development of
fuel-efficient vehicles.
Spain: The new National Energy Efficiency Action Plan’s goal is to reduce final energy consumption per
unit of output by 2% annually between 2011 and 2020, or 133 000 kilotonnes of oil equivalent (ktoe) (965 million
barrels) of primary energy in this period. Its implementation is expected to mobilise investment worth EUR
45.985 million.
United Kingdom: Funds were accelerated for investment in the Warm Front, which provides insulation and
heating measures to vulnerable households.
Sources: IEA (2009), Implementing Energy Efficiency Policies: Are IEA Member Countries on Track?

All countries state that significantly improving energy efficiency is a priority. To support the
adoption of energy efficiency policy measures, a consolidated set of policy recommendations have been
recently updated that cover 25 fields of action across seven priority areas: buildings, industry, power
utilities, appliances, lighting, transport and cross-sectoral activities (Table 2.1) (IEA, 2011c). All
recommendations were subject to a rigorous set of criteria and have been endorsed by IEA energy
ministers in 2011. If implemented globally without delay, these policy actions could reduce global CO2
emissions by 7.6 Gt per year by 2030 – equivalent to one and a half times the current CO2 emissions in
the United States. In 2010, this corresponded to energy savings of more than 82 exajoules (EJ)/year by
2030, or 17% of the current annual worldwide energy consumption.
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Table 2.1. IEA’s 25 energy efficiency recommendations
Across sectors

1.
2.
3.
4.
5.

Energy efficiency data collection and indicators
Strategies and action plans
Competitive energy markets, with appropriate regulation
Private investment in energy efficiency
Monitoring, enforcement and evaluation of policies and measures

Buildings

6.
7.
8.
9.
10.

Mandatory building codes and minimum energy performance requirements
Aiming for net zero energy consumption buildings
Improving energy efficiency of existing buildings
Building energy labels and certificates
Energy performance of building components and systems

Appliances and equipment

11. Mandatory energy performance standards and labels for appliances and equipment
12. Test standards and measurement protocols for appliances and equipment
13. Market transformation policies for appliances and equipment

Lighting

14. Phase-out of inefficient lighting products and systems
15. Energy-efficient lighting systems

Transport

16.
17.
18.
19.
20.

Mandatory vehicle fuel-efficiency standards
Measures to improve vehicle fuel efficiency
Fuel-efficient non-engine components
Improving operational efficiency through eco-driving and other measures
Improve transport system efficiency

Industry

21.
22.
23.
24.

Energy management in industry
High-efficiency industrial equipment and systems
Energy efficiency services for small and medium-sized enterprises
Complementary policies to support industrial energy efficiency

Energy utilities

25. Energy utilities and end-use energy efficiency

Source: IEA (2011), 25 Energy Efficiency Policy Recommendations.

Governments need to employ a cohesive suite of measures because the barriers to energy efficiency
are pervasive, dispersed and complex. Energy efficiency improvement is often hampered by market,
financial, informational, institutional and technical barriers. These barriers exist in all countries, and
energy efficiency policies are aimed at overcoming them. The major barriers are summarised in
Table 2.2.
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Table 2.2. Typical barriers to energy efficiency

Barrier

Example

Market

•

Market organisation and price distortions prevent customers from appraising the true value
of energy efficiency.
Split incentive problems created when investors cannot capture the benefits of improved
efficiency.
Transaction costs (project development costs are high relative to energy savings).

Financial

•
•
•

Up-front costs and dispersed benefits discourage investors.
Perception of efficiency investments as complicated and risky, with high transaction costs.
Lack of awareness of financial benefits on the part of financial institutions.

Information and Awareness

•

Lack of sufficient information and understanding, on the part of consumers, to make rational
consumption and investment decisions.
Incomplete information if technology has a lack of track record.

•
•

•
Regulatory and Institutional

•
•
•

Technical

•
•

Energy tariffs that discourage efficiency investment, such as declining block rates.
Incentive structures encourage energy providers to sell energy rather than invest in costeffective energy efficiency.
Institutional bias towards supply-side investments.
Lack of affordable energy efficiency technologies suitable to local conditions.
Insufficient capacity to identify, develop, implement and maintain energy efficiency
investments.

A recent assessment of progress with implementing the 25 recommended energy efficiency policies
and measures found that although there is substantial energy efficiency policy action, there is still
considerable scope for scaling-up efforts (IEA, 2011d).
Across all countries, policies for transport stand out as needing the most additional attention. About
60% of world oil is consumed in the transport sector. To achieve significant savings in this sector,
complete package of policy measures is recommended including the introduction of mandatory fuel
efficiency standards for cars and heavy-duty vehicles, complementary measures such as labelling and
incentives, and improving overall transport system efficiency through modal shift and urban planning.
Progress is also needed in the buildings sector. Buildings account for 40% of energy use in most
countries. Buildings offer one of the most cost-effective sectors for reducing energy consumption, with
estimated savings of 1 509 million tonnes of oil equivalent by 2050, about the combined level of primary
energy supply in Russia, Japan and Germany. Governments need to strengthen the energy efficiency
requirements of building codes and standards, promote the adoption of low-energy houses and improve
the monitoring of energy efficiency performance in existing structures.
Many governments are seeking assistance with how to implement the 25 energy efficiency
recommendations in a way that suits their national context. A lack of experience or insufficient
knowledge of how to deal with issues such as planning a strategy for implementation, stakeholder
consultation, allocation of resources in the right time sequence, providing training and education, and
communication of results can stand in the way of countries effectively implementing the
recommendations. The IEA publishes the Policy Pathway series which provides guidance on the
milestones in the steps to implementing individual energy efficiency policies.
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A policy pathway on energy performance certification of buildings provides a “how to guide” to
policy makers and relevant stakeholders on the essential elements to implement an energy performance
certification of buildings programme (IEA, 2010c). Energy performance certification of buildings is a
way to rate the energy efficiency of individual buildings – whether they be residential, commercial or
public.
Performance certification is a key policy instrument that can assist governments in reducing energy
consumption in buildings. The guide showcases experiences from countries around the world to show
examples of good practice and delivers a policy pathway of ten critical steps to implement building
energy performance certification programmes.
More than 50 countries worldwide implement end-use equipment programmes to improve energy
efficiency. They cover energy efficiency schemes for end-use electrical appliances and equipment in the
residential, commercial and industrial sectors. Another policy pathway gives clear guidance to policy
makers and relevant stakeholders on best practice compliance, through monitoring, verification and
enforcement (MVE), in end-use appliance and equipment standards and labelling programmes.
Improving the design and implementation of MVE schemes can curtail the high levels of non-compliance
that have hampered the effectiveness of some programmes in the past (IEA, 2010d).
The right technology and market mechanisms are crucial to achieve greater energy efficiency. But so
are legal, institutional and co-ordination structures to promote the efforts. Drawing on the experience of
hundreds of energy efficiency experts around the world, a handbook on energy efficiency governance
provides useful guidance for government officials and energy efficiency practitioners on establishing
effective structures to support national and sub-national efficiency policy implementation (IEA, 2010e).

Foster innovation and green technology policy
Innovation is a key driver in the transition to a green economy. It will be very difficult and very
costly to address global environmental dilemmas such as climate change without successful innovation.
Putting a price on pollution through measures such as environmentally-related taxes and tradable permits
is a necessary condition for encouraging 'green' innovation (OECD, 2010a). However, this is unlikely to
be sufficient, and the broader policy framework must complement targeted environmental policies.
One of the essential lessons in the OECD Innovation Strategy is that countries that harness
innovation and entrepreneurship as engines for new sources of growth will be more likely to pull out of
and stay out of recession (OECD, 2011a). Governments can help by creating the environment and
safeguarding the drivers of innovation. Developing new sources of growth will depend on investing in
innovation and skills. Policy makers have to take a lead, by tapping new sources of growth themselves,
and setting the regulatory framework to allow breakthroughs to happen and to overcome inertia, whether
institutional or economic, that prevent them.
Innovation is likely to be coupled with a process of creative destruction to bring new ideas and new
business and institutional models to enable green growth. Such changes may include: the redesign of
electricity delivery mechanisms to improve efficiency by cutting line losses, which amount to about 9%
of global electricity production; accommodating low-carbon variable and decentralised supply sources;
facilitating active network control and flatten peak demand curves to make better use of capital-intensive
assets; and engaging consumers in demand-side management through price signals. This requires policies
to promote innovation in technologies such as high-voltage direct current lines, information and
communication technology (ICT) platforms and smart meters to name a few, but also new market and
regulatory models.
The standardisation of technical specifications for converging technologies is necessary to foster
green innovation (OECD, 2011a). As some business models for green innovation are still emerging,
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government engagement in the standardisation process can catalyse involvement of relevant
stakeholders. Developing a common set of well-designed specifications, such as the inter-operability of
smart grids and connections between electric vehicles and the charging stations, could contribute to
developing the market, stimulating private investment and avoiding the emergence of incompatible
technical elements. For example, the National Institute of Standards and Technology (NIST), an agency
of the US Commerce Department, co-ordinates a Smart Grid Inter-operability Standards Project with the
aim of identifying and developing standards critical to achieving a reliable and robust smart grid. NIST is
conducting the project in three phases: identifying the gaps in available standards and priorities for
revising existing or developing new standards; establishing a formal private-public partnership to drive
long-term progress; and developing and implementing a framework for testing and certification.
Government policies need to ensure competitive selection processes, focus on projects that best serve
public policy objectives, avoid favouring incumbents, ensure a rigorous evaluation of policy impacts and
contain costs. Proven approaches include multiyear appropriations, independence of the agencies making
funding decisions, use of peer review and other competitive procedures with clear criteria for project
selection, and payments based on progress and outcomes rather than cost recovery (OECD, 2011a).
Government support policies also need to be aligned with existing international commitments, notably
under the World Trade Organization (WTO).
A range of OECD work underscores that innovation is core to moving onto a green growth path. For
example, it looks at eco-innovation in industry (OECD, 2010b); greener and smarter information and
communication technology (OECD, 2010c); and transition to a low-carbon economy (OECD, 2010d).
Another demonstrates that green technology development is accelerating notably in air pollution control
and renewable energy as measured by the number of patents (OECD, 2010e). Some conclusions arising
from Fostering Innovation for Green Growth have particular relevance for the energy dimensions of
green growth, as summarised below:
• Public investment in research is needed to help lower the costs of green innovation, to expand the
scope for technological breakthroughs and to create new opportunities.
• Governments need to encourage the process of experimentation to bring about favourable options
at the lowest cost. This involves a vigorous process of national and global competition among
alternative technologies and innovations, to bring about those that have the best performance.
• Where solely private efforts are unlikely to be sufficient to commercialise technologies,
government action, including public support, may be required to overcome market failures and
barriers, such as dominance by existing business models and technologies. The primary market
failure is the risks and time frames before profits are realizable can be too great for industry
without government support. However, such policies should be well-designed to avoid capture
by vested interests and regularly evaluated to ensure that they are effective and efficient in
meeting public policy objectives.
• Countries may want to prioritise their efforts in areas where they have capabilities and a certain
critical mass and focus on green technologies and innovations that are particularly relevant in the
national context. In other areas, international collaboration provides a means to gain access to
relevant research and work together for solutions to global issues (Box 2.4). At the same time,
international competition will be essential to drive down the costs of green innovation and
benefit from the global process of experimentation.
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Box 2.4. The Low Carbon Energy Technology Platform
Created in response to a request from the G8 Summit in l’Aquila, Italy, and IEA Ministers, the International
Low-Carbon Energy Technology Platform seeks to encourage, accelerate and scale-up action for the
development, deployment and dissemination of low-carbon energy technologies. It does this by focusing on
practical activities at international, national and regional levels to:

•

Bring together stakeholders to catalyse partnerships and activities that enhance the
development and implementation of low-carbon energy technology strategies and
technology roadmaps at regional and national levels

•

Share experience on best-practice technologies and policies and build expertise and capacity,
facilitating technology transition planning that fosters more efficient and effective
technology dissemination

•

Review progress on low-carbon technology deployment to help identify key gaps in lowcarbon energy policy and international co-operation, and support efforts to address these
through relevant international and regional fora

The Technology Platform is not a formal body or institution, but an informal forum that initiates activities
and shares policy-related information among stakeholders interested and willing to help accelerate the spread of
low-carbon energy technologies. The Technology Platform seeks to enhance collaboration among governments,
business, the financial sector, expert bodies, international organisations and civil society. The focus is on
practical action and the creation of networks through a wide range of activities that fall into one of four broad
categories :

•
•
•
•

Country-led collaborations
Technology deployment through roadmap and strategy development
Linking to other international collaborative efforts
Technology deployment status, policy review, RD&D analysis

A concerted global effort to foster green innovations will significantly enhance the portfolio of
options available. Many of the most promising low-carbon energy technologies currently have higher
costs than the fossil fuel incumbents. Most new technologies will require, at some stage, both the “push”
of research, development and demonstration (RD&D) and the “pull” of market deployment. As shown in
Figure 2.3, in order to target the cost competitiveness gap, a range of policy measures will be required
(IEA, 2010a):
• For promising but not yet mature technologies (Stage 1), governments need to provide financial
support for additional research and/or large-scale demonstration and to start to assess
infrastructure and regulatory needs.
• For technologies that are technically proven, but require additional financial support (Stage 2),
governments need to provide support with capital costs, or to introduce technology-specific
incentives such as feed-in tariffs, tax credits and loan guarantees, and appropriate regulatory
frameworks and standards, to create a market for the relevant technologies.
• For technologies that are close to competitive (Stage 3), governments need to move towards
technology-neutral incentives that can be progressively removed as technologies achieve market
competitiveness.
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• For technologies that are competitive (Stage 4), governments can best help scale up public and
private investment by tackling market, informational and other barriers and by developing
effective intervention policies and measures.
• Many technologies in practice straddle two or more stages of development. Government
intervention needs to be tailored accordingly, in some cases providing support to all four phases
of technology development simultaneously.
The overriding objectives should be to reduce risk, stimulate deployment and bring down costs.
Evidence suggests that a large proportion of breakthrough innovations come from new firms that
challenge existing business models. Thus, government steps to remove barriers to the entry and growth
of new firms have an important part to play in low carbon energy technology development.

Market deployment

Figure 2.3. Policies for supporting low-carbon energy technologies

4. Accelerate adoption by
addressing market barriers
Building codes, efficiency standards,
information campaigns

Mature technology
(Energy efficiency,
industrial CHP)

Low cost gap

3. Technology-neutral but declining

(Onshore wind, biomass
power in some markets)

support

1.Development and
infrastructure
planning
RD&D financing,
capital cost support
for large-scale
demonstration

Green certificates, GHG trading

High cost gap
(Solar CSP, solar
PV, hybrid
vehicles)

2. Stable, technology-specific
incentives
Feed-in tariffs, tax credits, loan
guarantees

Prototype & demo stage
(e.g. fuel cells, 2 nd gen biofuels,
electric vehicles, CCS)
Technology development
and demonstration

Niche markets

Achieving
competitiveness

Mass market

Time

Note: The figure includes generalised technology classifications; in most cases, technologies will fall into more than one
category.
Source: IEA (2010), Energy Technology Perspectives 2010.

Governance of intellectual property (IP) has an important influence on the marketability of new
technologies. Private ownership of IP arising from government-funded R&D is a powerful tool for
marketing research results. Experience from the United States indicates that governments should take
steps to ensure that IP from public research is efficiently transferred to the private sector. The Bayh-Dole
Act (1980) has made technology transfer a formal responsibility of government laboratories and has
attributed the ownership of IP to the researcher, even when a project is funded by the government.
Although initially restricted to universities and small business, coverage has since been progressively
expanded. These policy changes spurred private entities and government to seek RD&D partnerships.
Popp (2006) examined citations referring to patents in 11 categories of energy technology, and found that
after the technology transfer acts came into force in the early 1980s, privately held patents that cited
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government patents became the most frequently cited, suggesting a fruitful transfer of government
research results to private industry (IEA, 2011e).

Energy RD&D expenditures
To achieve a 50% CO2 emissions reduction objective, government funding for RD&D in low-carbon
technologies will need to be two to five times higher than current levels (IEA, 2010a). This message is
being taken seriously by many countries. Governments of both the Major Economies Forum and the IEA
have agreed to dramatically increase and co-ordinate public-sector investments in low-carbon RD&D,
with a view to doubling such investments by 2015. Simply increasing funding will not, however, be
sufficient to deliver the necessary low-carbon technologies. Current government RD&D programmes and
policies need to be improved by adopting best practices in design and implementation. This includes the
design of strategic programmes to fit national policy priorities and resource availability; the rigorous
evaluation of results and adjusting support if needed; and the increase of linkages between government
and industry, and between the basic science and applied energy research communities to accelerate
innovation.
More investment in low-carbon energy technology RD&D is needed at all stages of technology
development. This should include direct government funding, grants and private-sector investment. After
years of stagnation, government spending on low-carbon energy technologies has risen. But current
levels still fall well short of what is needed to deliver green growth objectives. Data for private-sector
spending are very uncertain.
Figure 2.4. Government RD&D expenditures in IEA member countries
1974-2008

1.

PPP= Purchasing Power Parities. RD&D budgets for the Czech Republic, Poland and Slovak Republic have not been
included for lack of availability.

Source: IEA databases, 2010 cycle.

Government energy RD&D budgets in IEA member countries declined between the early 1980s and
the 1990s from USD 9 billion in 1980 to USD 8 billion in 1997 (Figure 2.4). The decline was associated
with the difficulties of the nuclear industry and with the decrease in oil prices from 1985 to 2002. Since
1998, government expenditures on energy RD&D have started to recover, particularly between 2005 and
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2008. Expenditure in 2008 was about USD 12 billion. The share of energy RD&D in total RD&D
declined from 11% in 1985 to about 3% in 2006 but appears to be rising again.

Policies for green growth in specific energy sectors
This section looks at technology policy for three key components of a green growth strategy for
energy – electricity, renewables and transport.

Electricity sector
In most OECD countries, a new investment cycle in power generation is looming. A window of
opportunity now exists to establish policies that will deliver a cleaner and more efficient generation
portfolio that will have significant impact on the energy sector and the environment for the next 40-50
years. However, the many uncertainties now inherent in the power sector create risks for investors, risks
that may lead to under-investment – too little, too late, in the wrong location and with the wrong
technology.
The ageing of existing units, and eventual need for replacement, is inevitable. Most OECD countries
experienced an investment boom in the 1970s, in response to the oil price crisis. Many countries shifted
generation portfolios away from oil, to coal and nuclear. Many these units are now approaching the end
of their technical lifetime. However, investments in refurbishment and upgrades can extend the lifetime
and capacity of units. Delaying the replacement process can be commercially attractive especially when
faced with uncertainty over the pace of change in environmental regulation. Policies need to be robust
enough to achieve closure of the dirtiest and least efficient plants at the earliest opportunity.
The liberalisation of electricity markets delivers considerable benefits if well designed and
implemented and if backed by ongoing government commitment. In fact, competitive markets with costreflective prices are a strong instrument to effectively balance energy systems in terms of economic
efficiency, reliability and environmental performance. Restructuring in power markets is one of the
uncertainties for investors, but the risks can be greatly reduced when competitive and liquid markets are
allowed to develop. Other uncertainties for investment include ambiguity about future CO2 constraints
and associated pricing of carbon power plant licensing, issues around nuclear power acceptability, local
opposition to new energy infrastructure and government support for specific generation technologies.
Government action is needed to significantly reduce policy uncertainty. This would serve to establish
effective competitive markets and provide firm policy directions in those areas in which markets fall
short, such as taking account of environmental costs. Governments must also clarify and simplify power
plant licensing procedures to accelerate the approval of new generation units (IEA, 2007a).
One of the most difficult decisions for investors is the choice of technology, which obviously has
implications for the environment and security of supply. Moreover, a well-diversified generation
portfolio designed to deliver supply efficiently both now and in the future, will have to include several
technologies. Thus, the choice for investors depends on many factors and is always made with an eye on
the potential for profit. Small changes in the key cost factors, e.g. investment costs, fuel costs, CO2
emission costs and utilisation rates, can significantly change the relative ranking of technologies in terms
of total generation costs levelised over the lifetime of the plant. Well-functioning markets for electricity,
fuel and CO2 emissions provide strong incentives for investors to diversify and to opt for clean
technologies although diversification is, obviously, limited to the technology options actually available.
Government policies play a critical role in keeping as many options open as possible by supporting
R&DD of new technologies and through effective policies and regulation, including those that govern
market competition, network access and rates.
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Good market design, effective regulation, competition and clear, long-term environmental policy are
critical factors for well-functioning electricity markets. The danger of a concentrated market is that firms
with market power may withhold new investment as a means to push up prices and increase profits –
outcomes that are ultimately detrimental to public welfare. Such a strategy can succeed for extended
periods only if dominant firms can, at the same time, block or obstruct investments by competing firms.
Thus, it is important to create the right conditions to encourage competing firms to enter markets,
including rules and market design that are clear, efficient, and ensure equal treatment for all players. To
this end, independent regulators and independent transmission system operators play critical roles in
establishing trading rules and ensuring fair access to networks. These roles must be effectively separated
from generation and retail supply.
Trade and co-operation across jurisdictional borders are also important benefits of liberalisation.
Resources can be used more efficiently, which allows co-operating systems to function reliably with
lower reserve margins. Trade can be particularly valuable for intermittent renewables to foster increased
market penetration by smoothing supply variability. Cross-border trade is constrained by available
transmission capacity, but with an appropriate market design the benefits also create incentives for
investment in new transmission interconnections. The benefits are even more significant for smaller
systems; indeed for smaller markets, cross-border trade may be the only way to improve competition
among local generators.
Sectoral Approaches in Electricity: Building Bridges to a Safe Climate shows how the international
climate policy framework could effectively support a transition towards low-CO2 electricity systems in
emerging economies, without waiting for countries to take on national commitments. These include
sector-specific objectives for developing countries; new market mechanisms based on sectoral crediting
or caps; and international support for sharing best technology and best practice in priority sectors such as
electricity (IEA, 2009d).
Governments are best positioned to assess, on a broad scale, the environmental risks and costs
associated with power generation, and possible macro-economic implications resulting from too high
dependence on, for example, natural gas imports. That said, governments are not necessarily best
equipped to actually manage risks by picking preferred technologies and generation portfolios. Many
clean and non-import dependent technologies, including some renewable technologies, carbon capture
and storage and nuclear power, need government support that reflects the added benefits for the
environment and from reduced import dependence. Commercial investors have a long history of
managing risk in the marketplace and are best placed to assess the optimal choice and combination of
technologies, taking into account technology maturity and efficiency concerns. Governments and
commercial investors are complementary. The principal role of government is, through market-based
instruments, to create incentives for investment decisions that support policy objectives on environment,
energy security and economic growth. Market-based instruments are already available for several
environmental policy objectives; they have shown the potential to improve cost effectiveness and are
compatible with liberalised electricity markets (IEA, 2007a).
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Box 2.5. Policy action for smart grids
The world’s electricity systems face a number of challenges, including ageing infrastructure, continued
growth in demand, the integration of increasing numbers of variable renewable energy sources and electric
vehicles, the need to improve the security of supply and the need to lower carbon emissions. Smart grid
technologies offer ways not just to meet these challenges but also to develop a cleaner energy supply that is more
energy-efficient, more affordable and more sustainable.
These challenges must also be addressed with regard to each region’s unique technical, financial and
commercial regulatory environment. Given the highly regulated nature of the electricity system, proponents of
smart grids must ensure that they engage with all electricity system stakeholders, including equipment
manufacturers, system operators, consumer advocates and consumers, to develop tailored technical, financial and
regulatory solutions that enable the potential of smart grids.
Large-scale pilot projects are urgently needed in all world regions to test various business models and then
adapt them to the local circumstances. Countries and regions will use smart grids for different purposes; emerging
economies may leapfrog directly to smart electricity infrastructure, while OECD countries are already investing
in incremental improvements to existing grids and small-scale pilot projects.
Current regulatory and market systems can hinder demonstration and deployment of smart grids. Regulatory
and market models – such as those addressing system investment, prices and customer participation – must
evolve as technologies offer new options over the course of long-term, incremental smart grid deployment.
Greater international collaboration is needed to share experiences with pilot programmes, to leverage national
investments in technology development, and to develop common smart grid technology standards that optimise
and accelerate technology development and deployment while reducing costs for all stakeholders.
A number of countries are already taking steps. For example, Korea announced its National Smart Grid
Roadmap in January 2010, and has invested USD 230 million to establish a smart grid test-bed in the Jeju Island.
Korea plans to increase investment in spreading smart grid technologies after developing new business models
through the test-bed. Moreover, the Act on Facilitating the Smart Grid was approved by the National Assembly of
Korea in April 2011, which will serve as a stable foundation for increasing the investment on the successful
development and spread of the smart grid technologies. In 2011 the Italian regulator (Autorità per l’Energia
Elettrica ed il Gas) has awarded eight tariff-funded projects on active medium voltage distribution systems, to
demonstrate at-scale advanced network management and automation solutions necessary to integrate distributed
generation. The Ministry of Economic Development has granted over EUR 50 million in the past 5 years for
smart grid R&D activities through the Energy System Research Fund and over EUR 200 million for
demonstration of smart grids features and network modernisation in Southern Italian regions.

Renewable energy
Renewable energy sources play a central role in moving the world onto a more secure and sustainable
energy path. The potential is unquestionably large, but how much and how quickly their contribution to
meeting the world’s energy needs grows hinges critically on the strength of government policies to
stimulate technological advances and make renewables cost competitive. The IEA’s definition of
renewable energy sources includes energy generated from solar, wind, biomass, the renewable fraction of
municipal waste, geothermal sources, hydropower, ocean, tidal and wave resources, and biofuels (IEA,
2007b).
The greatest scope for increasing the use of renewables in absolute terms lies in the power sector.
Renewables are generally more capital intensive than fossil fuels, so the investment needed to provide
the renewables capacity is very large. Investment in renewables to produce electricity is estimated at
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USD 5.7 trillion (in year-2009 dollars) over the period 2010-2035. Investment needs are greatest in
China, which has now emerged as a leader in wind power and photovoltaic production, as well as a major
supplier of the equipment. The Middle East and North Africa region holds enormous potential for largescale development of solar power, but there are many market, technical and political challenges that need
to be overcome.
Only a limited set of countries has implemented effective support policies for renewable energy
technologies that have accelerated renewables deployment in recent years (IEA, 2008). The “OECD-EU”
countries, which generally have a longer history of renewable energy support policies, show the highest
policy effectiveness for “new” renewables for power generation. With more mature renewable electricity
technologies such as hydro and in the heat and transport sectors, the picture is more varied with some
non-EU-OECD and BRICS countries also having implemented relatively effective policies.
Non-economic barriers have significantly hampered the effectiveness of renewable support policies
and driven up costs in many countries, irrespective of the type of incentive measure. Examples include
administrative hurdles in land-use planning and siting, long lead times for permits, lack of co-ordination
between relevant authorities; grid access; lack of technical capacity and training and social acceptance
(IEA, 2008).
Overall the effectiveness and efficiency of renewable energy policy are determined by the
consistency of measures and adherence to these key policy design principles:
• Effective implementation of transitional incentives, which are based on the maturity of the
technology and decrease over time, to promote innovation and move technologies to market
competitiveness.
• Need for a predictable and transparent support framework to attract investments.
• Adequately address non-economic barriers and social acceptance issues to stimulate market
development.
• Take due consideration of the impact of large-scale penetration of renewable energy technologies
on the overall energy system, particularly in liberalised energy markets with regard to overall
cost efficiency and system reliability.

Transportation sector
Transport is a critical and difficult sector in the transition to green growth. Transport accounts for
about 19% of global energy use and almost one-quarter of energy-related CO2 emissions. With current
trends these factors increase by more than 80% by 2050. Cars and trucks are the biggest contributors, but
aviation and shipping are also growing rapidly.
Substantially greening the transport sector will require policies to promote both the widespread
adoption of best available technology, and the longer-term development and deployment of a range of
new technologies. It will also require strong policies to ensure the rapid uptake of these innovations and
to encourage sensible changes in travel patterns (IEA, 2009e).

Fuel efficiency standards
The first priority should be policies for fuel efficiency improvements that employ technologies and
practices that are already cost-effective. A 50% reduction in fuel use per kilometre for average new lightduty vehicles around the world, from incremental technology improvements and hybridisation, is
possible by 2030 and is likely to be cost effective even at relatively low oil prices. Policies are needed
both to ensure maximum uptake of efficiency technologies and to translate their benefits into fuel
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economy improvement. Fuel economy standards complemented by emissions-based vehicle registration
fees can, and in fact already do, play an important role in OECD countries. Other countries, especially
those with robust growth in vehicle use, need to adopt similar policies. All countries need to update these
standards over time, rather than letting measures expire or stagnate. The Global Fuel Economy Initiative
is focused on helping to achieve such outcomes (FIA Foundation, 2011).

Alternative fuels
Ethanol from sugar cane can already provide low-cost biofuels (depending on feedstock prices).
Advanced (second-generation) biofuels, such as biofuels from waste and residues, ligno-cellulosic
ethanol and biodiesel derived from biomass (biomass-to-liquids), appear to have the best long-term
potential to provide sustainable, low life-cycle greenhouse gas fuels, but more RD&D is needed, as well
as policy measures reducing the investment risk associated with commercial-scale plants. For all
biofuels, important sustainability questions must be resolved, such as the impact of production on food
security, sensitive ecosystems, greenhouse gas emissions and social aspects as a result of land-use
change (Box 2.6).

Box 2.6. Biofuels and the food versus fuel debate
A considerable rise in agricultural commodity prices in 2006 - 2008 triggered a debate over the impact of
conventional biofuels on global commodity prices and food security. This debate has cooled somewhat since
then. Recent analyses suggest that biofuels had only a limited impact on those commodity price spikes, whereas
rising oil prices and the use of commodities by financial investors in combination with adverse weather
conditions probably were the main drivers behind the food price increase (World Bank, 2010).
Today only about 2% (30 million hectares) of the world’s arable land is used to grow biofuel feedstocks. Plus
in many cases, co-products occur that are used for energy generation or enter the food chain as a valued cattle
feed, (e.g. 0.6 kilogram (kg) of dried distiller’s grains per litre of corn-ethanol; 0.85 kg of soy-meal per litre of
soy-biodiesel), and reduce the net land demand of biofuels. Biofuels should be promoted in a manner that
encourages greater agricultural productivity and the use of degraded land. Biofuels impact on food security,
nonetheless, remains a sensitive topic. A sound policy framework is required to ensure that biofuels are produced
sustainably with regard to food security as well as other social, environmental and economic aspects. This should
include adoption of sound certification schemes for biofuels based on internationally agreed sustainability
indicators, for instance those being developed by the Global Bioenergy Partnership. Furthermore, land- and
resource-efficient technologies, in particular advanced biofuels, need to be part of an integrated approach, as well
as use of wastes and residues as biofuel feedstock (IEA, 2011f).
To ensure a vital and sustainable agricultural sector that can serve the wide range of biomass demand in
different sectors in the future, substantial investments into agricultural production and rural infrastructure are
needed. Sustainable biofuel production should be considered as one integrated aspect of land-use management,
including promoting the use of degraded land along with production of food and other products. Biofuels can play
a role in creating additional income in rural areas and trigger investments that benefit the agricultural sector as a
whole. Integration of food and fuel production should provide opportunities for synergies which allow overall
improvements in the efficiency with which land-based resources are produced and used.
Source: World Bank (2010), Placing the 2006/08 Commodity Price Boom into Perspective, IEA (2011), Technology Roadmap
– Biofuels for Transport.
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Advanced vehicle technologies
Policies and initiatives to promote electric vehicles and plug-in hybrid electric vehicle (PHEVs), and
the continuing development of fuel cell vehicles, are extremely important. For governments,
orchestrating the co-development of vehicle and battery production, recharging infrastructure, and
providing incentives to ensure sufficient consumer demand to support market growth, will be a
significant near-term challenge (Box 2.7). Demonstration programmes in selected regions or
metropolitan areas that are keen to be early adopters can be an effective approach.
Advanced vehicle technologies will make a big impact, especially after 2020, not only in terms of
transportation but also in how electricity networks are structured and managed. Electric vehicles are
rapidly emerging as an important option, especially as lithium-ion battery costs decline. It now appears
that batteries for a pure electric vehicle, in high-volume production, might cost as little as USD 500/kWh
in the near term, low enough to bring the battery cost for a vehicle with a 150 kilometre range down to
about USD 15 000. This is still very expensive. But with savings from removing the internal combustion
engine, and with relatively low-cost electricity as the fuel, this might be sufficient to allow electric
vehicles to achieve commercial success over the next five to ten years, if coupled with policy assistance
such as support for the development of an appropriate recharging infrastructure. The cost of oil, the
incumbent fuel, will also be an important factor. Since the impact of electric vehicles on CO2 emissions
depends on the carbon intensity of electricity generation, it would make sense to deploy electric vehicles
first in those regions with already low CO2 generation or firm commitments to move in that direction
(IEA, 2009e).
A potentially important transition step to electric vehicles is offered by plug-in hybrid electric
vehicles. By increasing the battery storage in hybrid vehicles and offering a plug-in option, these vehicles
represent an important step toward vehicle electrification that builds incrementally on an emerging
hybrid vehicle technology. For many drivers, running most of the first 40 kilometres per day on
electricity could cut oil use dramatically, by 50% or more. PHEVs may also require less new
infrastructure than pure electric vehicles since the car is not dependent solely on electricity and has a full
driving range on liquid fuel (IEA, 2009e).
Box 2.7. France’s strategy to launch electric vehicles
The French government committed USD 2.2 billion (EUR 1.5 billion) in October 2009 to a ten-year plan to
help put two million plug-in electric vehicles on the road by 2020. The funds will help pay for:
•

Manufacturer and buyer subsidies, including consumer purchase “bonuses” of up to EUR 5 000.

•

Nationwide network of more than 4 million charging stations, with 1 million by 2015.

•

Funding for battery manufacturing and industrial research.

The plan also includes supporting measures, such as requiring all new apartment developments to install
charging stations, beginning in 2012. It calls for public and private tenders for electric vehicles to generate
demand, with a target for these fleets to account for 100 000 by 2015.
The two major French car manufacturers, Renault and PSA Peugeot Citroën, have pledged to begin selling
electric vehicles by 2012.
The government has named an electric vehicle co-ordinator to liaise between ministries, and to work closely
with cities, electric utilities, vehicle manufacturers and other stakeholders to co-ordinate all aspects of electric
vehicle development.
Source: French Ministry of Ecology press release (1 October 2009).
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Recent OECD analysis indicates that relatively minor changes in a performance standard or
automotive fuel prices would yield benefits in terms of innovation that are equivalent to a much greater
proportional increase in public R&D budgets. However, there are significant differences between types
of technologies. For example, in the case of electric vehicles the role of after-tax fuel prices is
insignificant, but standards play an important role. Conversely, for hybrid vehicles it is after-tax fuel
prices which are significant and not standards. Public R&D plays a much more important role for electric
than hybrid vehicles (OECD, 2011a).
Figure 2.5 indicates the importance of the appropriate mix of policy measures. Relative prices may
have a lesser role to play than ambitious performance standards or significant public support for research
the further a technology is from being directly competitive with the incumbent technology (petrol- and
diesel-driven technologies). While in theory a price sufficient to induce an equal level of innovation for
such technologies could be introduced, such a measure would likely be politically infeasible in practice.
Moreover, even if introduced, potential innovators may not perceive it as credible over the longer-term.
Figure 2.5. The effect of different factors on innovation in electric and hybrid vehicles
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Note: For ease of interpretation, elasticities have been normalised such that effect of R&D=1. Unfilled bars indicate no statistical
significance.
Source: OECD (2011), Invention and Transfer of Environmental Technologies.

Modal shifts and green urban models
Beyond changes to future vehicles and fuels, shifts in some passenger travel and freight transport to
more efficient modes can also play an important role in greening transport and should be a policy focus.
Certainly from the point of view of cities around the world, developing in a manner that minimises
reliance on private motorised travel should be a high priority given the strong co-benefits in terms of
reduced traffic congestion, lower pollutant emissions and general liveability.
Shifting passenger travel to more efficient modes such as urban rail and advanced bus systems can
play an important role. Policies need to focus on better urban design to cut the need for motorised travel,
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improving mass transit systems to make them much more attractive, and improving infrastructure to
make it easier to walk and cycle for short trips. Rapidly growing cities in developing countries have the
opportunity to move toward far less car-oriented development than has occurred in many cities in OECD
countries. But it will take strong measures and political will, and support for alternative investment
paradigms.

Notes

1

The percentage reductions are calculated as the difference in 2050 between emissions in the baseline and Blue
Map scenarios and therefore do not reflect the full contribution of each technology compared to today’s
deployment level.

2

The OECD Framework for Assessing Green Growth Policies provides a thorough discussion of environmental
externalities and key underlying market failures (de Serres, Murtin and Nicoletti, 2010). It reviews the relative
strengths and weaknesses of different policy instruments and policy mixes to deliver green growth. Policy
issues related to the development and diffusion of clean technologies are examined. Its taxonomy of policy
tools and checklist of questions for green policy assessment can provide valuable guidance to policy makers’
challenging tasks in providing an integrated strategy.

3

The G20 includes the G8 group of countries – Canada, France, Germany, Italy, Japan, Russian Federation,
United Kingdom, United States – plus Argentina, Australia, Brazil, China, India, Indonesia, Mexico, Saudi
Arabia, South Africa, Korea, Turkey and the European Union.

4

www.oecd.org/iea-oecd-ffss
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