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R&D budgets for energy and the environment,
2002 and 2012

As a percentage of government budget appropriations or outlays for R&D
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2. Green innovation

Fostering economic growth and development while ensur-
ing that natural assets continue to provide the resources
and environmental services necessary for societies’ well-
being is at the heart of green growth policies. Finding
cleaner, affordable and reliable energy sources and develop-
ing environmental technologies also play a central role in
competitiveness. Governments are supporting research,
fostering innovation and the use of new technologies, and
encouraging the creation of markets for and the uptake of
“green” technologies.

Data on government budget appropriations or outlays for
R&D (GBAORD) show the public resources that economies
invest in research on energy and the environment. In abso-
lute terms, Japan, the United States and Germany are the
largest funders, while Mexico, Canada and Japan are top
investors in relative terms. With few exceptions, energy-
related R&D accounts for the vast majority of GBAORD spent
for the environment. Compared to the 2002 most economies
have increased the percentage of GBAORD going to energy
and environment-related programmes.

Over time, all economies considered show a marked
increase in the propensity to patent in environment-related
technologies. Differences exist however in the overall size of
patent portfolios, in the share of environment-related
inventions in total patents, and in the types of technologies
countries are specialised in. The United States, Japan and
Germany own the largest patent portfolios in absolute
terms, and account for the majority of environmental
patents filed under the Patent Cooperation Treaty (PCT):
more than 61% of environmental management patents, and
about 54% of all energy generation patents. Denmark
conversely is the economy most specialised in environ-
ment-related patenting (about 14% of Danish patents are
filed in the field), followed by Norway, Austria, Japan and
Germany, all with shares above 11% of total patenting. In all
economies considered, most patenting occurs in energy
generation and environmental management.

Definitions

Government budget appropriations or outlays for R&D
(GBAORD) measure the funds that governments allo-
cate to R&D to meet various socio-economic objec-
tives. These are defined on the basis of the primary
purpose of the funder and include control and care for
the environment as well as energy. Patents in environ-
mental technologies are identified using refined search
strategies based on the International Patent Classifica-
tion (IPC) and the detailed European Classification
System (ECLA), and drawing upon the expertise of
patent examiners at the European Patent Office (see
OECD, 2011, and Hascic et al., 2012, for details).
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Patents in selected environmental technologies, 1998-2000 and 2008-10
As a percentage of total Patent Cooperation Treaty patent applications

[ Energy generation from renewable and non-fossil sources General environmental management
Energy efficiency in buildings and lighting &% Emissions abatement and fuel efficiency
Tech. with contribution to emissions mitigation Tech. specific to climate change mitigation
% 7222 Gombustion tech. with mitigation potential <> Environment-related patents (1998-2000)
15’l\v—or\cnv—oOw—<r1—v—ooon.nmcn«-—mvr\mr\mmw—mo’comw—ocoml\cow—omow
< MM o A O N M W O N~ s O© M O < 0 OB N < AN ™ 00 I F © ™ O© I~ ™ I~ &N 0 0 <= &N &N N0 O W
S N 6o o @ O N S T < © 0 v o M~ — © — [SVEENaN) 0w oM N N O o
D 0 o — @ [{=] — — N~ o ~—
C - (3r] o
=P \
0F % ,,,,, oo P I Patents in environment
B X Gk . o related technologies,

S A
FES L EEFSFP AT EFE FEFIFT IS FE FHF S S F & \*2@“’% NSRS

Source: OECD, Patent Database, June 2013. See chapter notes.
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Countries' share in selected environmental technologies, 2008-10
Percentage of Patent Cooperation Treaty patent applications
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Measurability

R&D budgets for control and care for the environment include research on the control of pollution and on developing
monitoring facilities to measure, eliminate and prevent pollution. Energy R&D budgets include research on the produc-
tion, storage, transport, distribution and rational use of all forms of energy, but exclude research on prospecting and
on vehicle and engine propulsion. In addition to R&D, the International Energy Agency collects and publishes related
data on government support for energy demonstration projects, typically referred to as RD&D. The notion of which
technologies are considered “environmental” evolves over time, as it tries to reflect the public consensus on the com-
parative usefulness of different technologies in reducing environmental impact. Patent data allow for identifying more
“integrated” technological innovations, even though patents do not cover all innovations. Using data from different
patent authorities, especially national ones, and tracking priorities may provide useful information about where and
when different environmental technologies are born and develop and how they spread (or not) across economies.
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Cyprus
The following note is included at the request of Turkey:
“The information in this document with reference to ‘Cyprus’ relates to the southern part of the Island. There is no

single authority representing both Turkish and Greek Cypriot people on the Island. Turkey recognizes the Turkish
Republic of Northern Cyprus (TRNC). Until a lasting and equitable solution is found within the context of the United

’»

Nations, Turkey shall preserve its position concerning the ‘Cyprus issue’.

The following note is included at the request of all the European Union Member States of the OECD and the European
Union:

“The Republic of Cyprus is recognised by all members of the United Nations with the exception of Turkey. The infor-
mation in this document relates to the area under the effective control of the Government of the Republic of Cyprus.”
Israel

“The statistical data for Israel are supplied by and under the responsibility of the relevant Israeli authorities or third
party. The use of such data by the OECD is without prejudice to the status of the Golan Heights, East Jerusalem and
Israeli settlements in the West Bank under the terms of international law.”

“It should be noted that statistical data on Israeli patents and trademarks are supplied by the patent and trademark
offices of the relevant countries.”

4.1. R&D funding and specialisation

R&D specialisation, top three performing industries, 2011

For comparability reasons, estimates are only calculated for countries with data available by main economic activity based
on ISIC Rev.4 or an analogous classification.

ISIC Rev.4 Divisions as follows: Agriculture, mining, utilities and construction: 01-03, 05-09, 35-39 and 41-43; Chemicals and
minerals: 19-23; ICT equipment: 26; Information and communication services: 58-63; Electrical equipment and machinery
nec: 27-28; Transport equipment: 29-30; Finance and other business services: 64-66 and 69-82 excluding 72; R&D services:
72; Wholesale, retail and transport services: 45-47, 49-53, 55-56.

For Australia, Denmark, France, Germany, Italy, the Netherlands, Portugal, Spain and the United Kingdom, data refer to 2010.
For Austria, Belgium, Sweden and the United States, data refer to 2009.

For Switzerland, data refer to 2008.

Data are drawn from national sources for Canada and Switzerland.

For Estonia, “Chemicals and minerals” includes a significant investment in new technology in the oil industry (ISIC Rev.4
Division 19) in 2011.

R&D budgets by socio-economic objectives, 2012

“Other” includes support for research on education and society, exploration and exploitation of space, and budgets not else-
where classified.

For Chile, EU28, France, Israel, Korea, Mexico, Spain, Sweden and the United Kingdom, data refer to 2011.

For Canada, OECD and Switzerland, data refer to 2010.

For Poland, data refer to 2008.

For Israel, a substantial part of defence R&D is not included in estimates reported to the OECD.

For Japan, military procurement contracts are excluded from defence in government budget appropriations or outlays for
R&D (GBAORD).

For Korea, general university funds (GUF) cannot be identified separately from general advancement of knowledge; both
categories are reported under non-oriented research.

For Mexico, GUF cannot be identified separately from general advancement of knowledge; both categories are reported
under the former heading.

For the United States, GUF is not estimated and is therefore not included in total reported GBAORD. General support for
universities is the responsibility of state governments.
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Top two technologies patented by countries, 2009-11

Data relate to patent applications filed under the Patent Cooperation Treaty (PCT). Patent counts are based on the priority
date, the inventor’s residence country and fractional counts. Patents are allocated to technology fields using International
Patent Classification (IPC) codes, following the classification presented in Schmoch (2008, revised in 2013).

4.2. Green innovation

R&D budgets for energy and the environment, 2002 and 2012

Data refer to 2002 and 2012 except for Canada (2010), Chile (2011), EU28 (2011), France (2011), Israel (2011), Italy (2001), Korea
(2011), Mexico (2002), the OECD (2010), Poland (2008), the Russian Federation (2001, 2009), Spain (2011), Sweden (2011),
Switzerland (2010) and the United Kingdom (2011).

General notes:

Patents in selected environmental technologies, 1998-2000 and 2008-10 and;
Countries’ share in selected environmental technologies, 2008-10

Data relate to patent applications filed under the Patent Cooperation Treaty (PCT). Patent counts are based on the priority
date, the inventor’s residence and fractional counts. Patents in environment-related technologies are defined using combi-
nations of IPC classes and codes Y02 of the European Classification (ECLA), as detailed in www.oecd.org/env/consumption-inno-
vation/indicator.htm.

Additional note:
Patents in selected environmental technologies, 1998-2000 and 2008-10

Only economies that applied for more than 250 patents in 2008-10 are included. For technology fields based on ECLA codes,
data for 2008-10 are underestimated.

4.3. Health innovation

Government funding of health-related R&D, 2012

Direct health GBAORD includes government budget appropriations or outlays for R&D primarily committed to the socio-
economic objective of protecting and improving human health.

Funds for the general objective of “Advancement of knowledge”, comprising non-oriented research funds and general uni-
versity funds, the estimated R&D content of government block grants to universities, have been included as health-related
on the basis of available data attributing a fraction of R&D funds in this category to the field of medical sciences. The “Other”
category represents ad hoc OECD estimates based on available national sources covering general support for R&D in hospi-
tals and related areas that is excluded from GBAORD estimates.

For Chile, Denmark, Estonia, Finland, Israel, Italy, Korea, Mexico, Slovenia, Spain, Sweden and the United Kingdom, data
refer to 2011.

For Canada and Switzerland, data refer to 2010.
For the Russian Federation, data refer to 2009.
For Poland, data refer to 2008.

General notes:

Health-related patents, 1999-2001 and 2009-11 and,;
Countries’share in pharmaceutical patents, 2009-11

Data relate to patent applications filed under the Patent Cooperation Treaty (PCT). Patent counts are based on the priority
date, the inventor’s residence and fractional counts. Health-related patents are defined using International Patent Classifi-
cation (IPC) codes, following the classification presented in Schmoch (2008, revised in 2013).

Additional note:

Health-related patents, 1999-2001 and 2009-11:

Only economies that applied for more than 250 patents in 2009-11 are included.
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4.4. Biotechnology R&D

General notes:

Number of firms active in biotechnology, 2011 and;
Biotechnology R&D in the business sector, 2011

Biotechnology firms use biotechnology to produce goods or services and/or to perform biotechnology R&D. These firms are
captured by biotechnology firm surveys.
Biotechnology R&D firms perform biotechnology R&D. These firms are captured by R&D surveys.

Dedicated biotechnology firms devote at least 75% of their production of goods and services, or R&D, to biotechnology.
These firms are captured by biotechnology firm surveys.

Dedicated biotechnology R&D firms devote at least 75% of their total R&D to biotechnology. These firms are captured by R&D
surveys.

For Denmark and Slovenia data are preliminary.

For the Russian Federation, a proxy indicator is used: R&D expenditure by priority areas of S&T (Life sciences). These
include: Bioengineering; Biocatalysis, biosynthesis and biosensor technologies; Biomedical and veterinary technologies;
Genomics and pharmaco-genetics; Living cell technologies.

Additional notes:

Number of firms active in biotechnology, 2011

For Mexico, data include firms with some biotechnology activity over 2010-11. The data are overestimated as they cover two years
and therefore exclude firm exit. Data are for firms with 20 or more employees only.

For the Netherlands and Sweden, firms with 10 or more employees only.

For the United Kingdom, an estimated 66% of biotechnology firms (for most of which biotechnology, as defined by the OECD,
is the main activity) undertake R&D.

Biotechnology R&D in the business sector, 2011
For Germany, 2011 business expenditures on R&D (BERD) were used to calculate biotechnology R&D intensity, as 2012 BERD was
not available.

For Mexico, with 20 or more employees only. 2010 BERD was used to calculate biotechnology R&D intensity, as 2011 BERD
was not available.

For the Netherlands and Sweden, firms with 10 or more employees only.

Biotechnology R&D in the government and higher education sectors, 2011

Government expenditure on R&D (GOVERD); higher education expenditure on R&D (HERD).
For Italy, the higher education sector is excluded.

For the Netherlands, provisional data; the higher education sector is excluded. Public-sector firms or institutes with 10 or
more employees only.

For the Russian Federation, a proxy indicator is used: R&D expenditure by priority areas of S&T (Life sciences). These
include: Bioengineering; Biocatalysis, biosynthesis and biosensor technologies; Biomedical and veterinary technologies;
Genomics and pharmaco-genetics; Living cell technologies.

For Slovenia, data are provisional.

4.5. Nanotechnology R&D

General notes:

Number of firms active in nanotechnology, 2011 and,
Nanotechnology R&D in the business sector, 2011

Nanotechnology firms use nanotechnology to produce goods or services and/or to perform nanotechnology R&D. These
firms are captured by nanotechnology firm surveys.
Nanotechnology R&D firms perform nanotechnology R&D. These firms are captured by R&D surveys.

Dedicated nanotechnology firms devote at least 75% of their production of goods and services, or R&D, to nanotechnology.
These firms are captured by nanotechnology firm surveys.
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Dedicated nanotechnology R&D firms devote at least 75% of their total R&D to nanotechnology. These firms are captured by R&D
surveys.

For Japan, number of business enterprises with a paid-in capital of JPY 100 million or more.

Additional notes:
Number of firms active in nanotechnology, 2011

For Mexico, data include firms with some nanotechnology activity over 2010-11. The data are overestimated as they cover
two years and therefore exclude firm exit. Data are for firms with 20 or more employees only.

Nanotechnology R&D in the business sector, 2011

For Japan and Mexico, 2010 business expenditures on R&D (BERD) were used to calculate nanotechnology R&D intensity, as
2011 BERD was not available.

For the Russian Federation, preliminary estimates based on data gathered in the R&D survey.

Nanotechnology R&D in the government and higher education sectors, 2011

Government expenditure on R&D (GOVERD); higher education expenditure on R&D (HERD).

For Italy and Korea, the higher education sector is excluded.

For Japan, 2010 GOVERD and 2010 HERD were used to calculate nanotechnology R&D intensity, as 2011 data were not available.
For Korea, 2011 GOVERD and 2011 HERD were used to calculate nanotechnology R&D intensity, as 2012 data were not available.

4.6. ICT innovation

R&D expenditure in information industries, 2011

The “information industries” aggregate comprises ISIC Rev.4 Divisions 26 and 58-63. The terms “ICT equipment”, “Publish-
ing, audiovisual and broadcasting activities”, “Telecommunications” and “IT and other information services” refer to ISIC
Rev.4 Divisions 26, 58-60, 61 and 62-63, respectively. “ICT services not allocated” refers to industries within Divisions 58-63
that cannot be separated.

For Australia, Denmark, France, Germany, Italy, the Netherlands, Portugal, Spain and the United Kingdom, data refer to 2010.
For Austria, Belgium, China, Sweden and the United States, data refer to 20009.

For Switzerland data refer to 2008.

Data from national sources for Canada and Switzerland.

ICT-related patents, 1999-2001 and 2009-11

Data relate to patent applications filed under the Patent Cooperation Treaty (PCT). Patent counts are based on the priority
date, the inventor’s residence and fractional counts. ICT-related patents are defined using International Patent Classifica-
tion (IPC) codes, following the classification presented in Schmoch (2008, revised 2013). Only economies that applied for
more than 250 patents in 2009-11 are included.

Enterprises with broadband connection, by employment size, 2012

For Australia, data refer to 2010/11 (fiscal year ending 30 June 2011) instead of 2012.

For Canada, medium-sized enterprises have 50-299 employees instead of 50-249 persons employed. Large enterprises have
300 or more employees instead of 250 or more persons employed.

For Japan, all businesses with 100 or more persons employed instead of 10 or more, 100-299 instead of 50-249, and 300 or
more instead of 250 or more.

For Mexico, data refer to 2008 instead of 2012 and to businesses with 20 or more persons employed instead of 10 or more.
For Switzerland, data refer to 2011 instead of 2012.

4.7. Broadband price and quality

Prices of fixed broadband basket, 33 GB, 15 Mbit/s and above, September 2012

The OECD basket of fixed broadband services includes total charges for a subscription with a minimum speed of 15 Mbit/s and
33 GB for 60 hours of usage a month. USD purchasing power parities (PPP) are used to facilitate international comparisons.
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Prices of mobile voice calls plus data traffic reference baskets, August 2012

The OECD methodology for measuring prices for communication services is based on consumption patterns or “baskets” of
fixed, mobile and leased line communication services prices, collected from multiple operators with the largest market
shares in each country. The current presentation of the price benchmarking results for mobile broadband services covers
services provided over a handset or smartphone.

The 30 calls/100MB, 100calls/500MB and 900calls/2GB OECD baskets of mobile telephone charges include fixed and usage
charges for respectively 30, 100 and 900 voice calls, and a volume of 100 MB, 500 MB and 2GB of data traffic per month. These
baskets approximately portray small, average and large users of voice and mobile data. USD purchasing power parities (PPP)
are used to facilitate international comparisons. Additional information on the computation methodology can be found in
the OECD Communications Outlook 2013.

4.8. Fixed and wireless broadband

Wireless broadband penetration by technology, December 2009 and 2012

Wireless terrestrial broadband includes standard (voice plus data) and dedicated mobile data subscriptions, as well as ter-
restrial fixed wireless and satellite broadband. The latter two categories in the family of wireless technologies are wide-
spread in only a few countries and, from the usage perspective, correspond to fixed broadband connections.

Standard mobile broadband subscriptions may include dedicated mobile data subscriptions when breakdowns are not available.
Data for Israel, Mexico, Switzerland and the United States are estimates.

Fixed wired broadband penetration by speed tiers, December 2009 and 2012
OECD subscription data (December 2012) merged with Akamai’s actual speed data (2nd quarter, 2012).

Figures on fixed wired broadband subscriptions exclude fixed terrestrial wireless and satellite broadband technologies,
which are typically used in fixed locations. These are grouped with other wireless subscriptions, and are relevant for only a
few countries, and in particular, the Czech Republic (with a penetration rate of 8.6%) and the Slovak Republic (4.8%).

Data for Mexico, Switzerland and the United States are OECD estimates.

Household Internet access by income quartile, 2008 and 2012

For Australia, data refer to 2010/11 (fiscal year ending 30 June 2011) instead of 2012.

For Canada, the Czech Republic, Denmark, Israel, the Netherlands and the United States, data refer to 2011 instead of 2012.
For Chile, data refer to 2009 instead of 2008.

For Korea, data are not available by income quartiles but by thresholds. The bottom quartile was made equivalent to an
income of less than KRW 100 million and the top quartile to an income of more than KRW 300 million.

For New Zealand, data refer to 2006 instead of 2008.

For Switzerland and Turkey, data refer to 2010 instead of 2012.

For the United States, data refer to 2007 instead of 2008.

For Australia, Canada, France, Ireland, Mexico, Turkey and the United Kingdom, data by quartile are not available.

4.9. Internet users

Regular Internet users by age, 2012

National source for the Russian Federation is the Institute for Statistical Studies and Economics of Knowledge, Higher
School of Economics (HSE) of the National Research University, May 2013.

For the Czech Republic, Denmark and the Netherlands, data refer to 2011.

For Korea and Mexico, Internet users are defined for a recall period of 12 months.

For Switzerland, data refer to daily Internet users. Internet users are defined for a recall period of 6 months.

Regular Internet users by educational attainment and age, 2012

For EU countries and Turkey, data by educational attainment for 16-24 and 65-74 year-olds are OECD estimates based on
Eurostat; for 16-24 year-olds, they are a 2010-12 average.

For the Czech Republic, Denmark and the Netherlands, data by educational attainment for 65-74 year-olds refer to 2011.
For Turkey, data refer to 2010.

For Switzerland, Internet users are defined for a recall period of 6 months.

For Mexico data refer to all Internet users defined for a recall period of 12 months.

For Chile and Switzerland, data for the lower educational level include all individuals without tertiary education.
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Individuals who purchased on line in the last three months, by age class, 2012

For Australia, Canada, Chile, Mexico, New Zealand and Switzerland the reference period is the last 12 months.
For Australia, data refer to the financial year ending 30 June 2010 (2009/10) instead of 2012.

For Canada, the question refers to “ordering goods or services over the Internet from any location (for personal or household
use, not business use)”.

For the Czech Republic, Denmark and the Netherlands data refer to 2011 instead of 2012.

For Chile, data refer to 2009 instead of 2007. In 2009, no time period is specified, instead of last 12 months.

For Israel, data refer to all individuals aged 20 and over instead of individuals aged 16-74 and to 2006 instead of 2007.

For Japan, details by age are not available. Data refer to all individuals aged 6 and over instead of 16-74.

For New Zealand, data refer to 2006 instead of 2007 and relate to e-purchases for personal use only requiring an on line payment.
For Switzerland, data refer to 2005 instead of 2007.

For Turkey, data refer to 2010 instead of 2012.

For the United States, data are drawn from the PEW Research Center and cover all individuals aged 18 and over, instead of
16-74, who ever purchased a product on line. Data refer to September 2007 and May 2011.

4.10. Emerging technologies

Acceleration in the development of patented technologies, 2000-11

Data relate to patent applications filed under the Patent Cooperation Treaty (PCT). Patent counts are based on the application
date, the International Patent Classification (IPC) codes and fractional counts. Patent “bursts” correspond to periods character-
ised by the sudden and persistent increase in the number of patents filed at the 4-digit IPC class level. Top patent bursts are iden-
tified by comparing the filing patterns of all 4-digit IPC classes. The intensity of a patent burst refers to the relative strength of
the observed increase in filing patterns. Only IPC classes featuring a positive burst intensity in the 2000s are included.

Descriptions of IPC codes are available at: www.wipo.int/classifications/ipc/en.

Acceleration in the co-development of patented technologies, 1996-2001 and 2006-11

Data relate to patent applications filed under the Patent Cooperation Treaty (PCT). Patent counts are based on the applica-
tion date and the co-occurrence of IPC codes in patents, using fractional counts. Patent “bursts” correspond to periods char-
acterised by the sudden and persistent increase in the number of patents filed in the pairs of 4-digit IPC classes considered.
Top patent bursts are identified by comparing the filing patterns of all possible pairs of 4-digit IPC classes. The intensity of
a patent burst refers to the relative strength of the observed increases in the filing patterns. Technology domains have been
identified through text analysis of the combinations of IPC codes considered. Only IPC combinations with a positive burst
intensity in the 2000s (either starting or ending burst) are included.

Descriptions of IPC codes are available at: www.wipo.int/classifications/ipc/en.
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