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The coherency of research, development, and innovation processes are vital in promoting a more
resource efficient society. Sustainability-oriented innovation systems define specific kinds of innovation
systems, i.e. those that are directed to the aims of sustainable development. This paper develops an
integrated method with four layers of analysis to evaluate the priorities and performances of such
systems. The method is applied to a sample of emerging and innovation based economies, namely Brazil,
Russia, India, China, South Africa, Turkey, and Singapore. The analyses consider the 6 main activities or
functional dynamics of innovation systems and a set of 19 keywords. The keywords relate to the thematic
clusters of renewable energy technologies, energy efficiency, and environmental management. The
priorities of the countries in each main interaction of the system are classified accordingly. The priorities
are compared to the existing level of specialization in the keywords based on the intermediate outputs of
the system. The analyses cover 153,838 papers and 15,138 patents between the years 2003 and 2014. A
Sustainable Innovation Index is developed to aggregate the normalized values of country performance
across all keywords. Singapore receives the highest value (21.17) and the average of Brazil, Russia, India,
China, and South Africa is 14.91. The results determine the ability of countries to align priorities and
performance towards more mature innovation systems for sustainable development.
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1. Introduction

Research, development, and innovation can promote a transi-
tion to more sustainable societies that are able to decouple eco-
nomic growth from environmental pressure (Working Group on
Decoupling, 2011). In this context, an essential component of
resource efficient societies involves effective innovation systems.
Innovation systems define the complex system of actors that
transform research activities into useful processes, products, and
services (Lundvall, 1992). The presence of a synergistic mix of policy
instruments can further increase the chances of success for sus-
tainable innovations (Foxon and Pearson, 2008). The outputs of the
system, such as technological innovation, can enable increases in
resource productivity (Cropper, 2008). Better insight on the sys-
temic nature of sustainable innovation is important to support the
means of activating innovation systems to promote sustainable
development.
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1.1. Overview of the literature

In the literature, sustainable innovation is defined as innovation
towards more sustainable processes in which resource use and
waste production remain within proper environmental limits
(Foxon and Pearson, 2008). Several studies have analyzed sustain-
able innovation at the level of small and medium-sized enterprises
(SMEs). Other studies evaluated cases for sustainable innovation at
the sectoral or country level. The literature review as presented in
the sections below exemplifies the respective studies at the various
levels. It further includes studies that provided an outlook for
sustainable innovation.

1.1.1. Sustainable innovation in SMEs

Among the studies at the firm level, Klewitz and Hansen (2014)
conducted a review of the types of sustainability-oriented in-
novations (SOI) in SMEs. In such studies, SOI were found to give
direction to integrating economic, social, and ecological aspects in
innovation activities (Hansen et al., 2009). Other authors analyzed
SMEs that applied business models based on the triple bottom line.
Such SMEs proved to have greater ability in spreading SOI in niche
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Nomenclature

F1 facilitation of experimentation and learning

F, knowledge development

F3 knowledge diffusion

Fy4 guidance of search and selection

Fs market formation

Fs development and mobilization of resources

KC keyword cluster

k keyword in the cluster

max maximum value in Equation (7)

min minimum value in Equation (7)

P WIPO PatentScope patents in Equations (4)—(6),
dimensionless

R Scopus papers in Equations (1)—(3), dimensionless

S share of papers or patents in Equations (1)—(6),
dimensionless

Vv normalized value in Equation (7)

v data entry value in Equation (7)

Subscripts

c country in the sample

w world total or share

bY number of relevant entries, dimensionless

Acronyms

BRICS  Brazil, Russia, India, China, and South Africa

BRICTS Brazil, Russia, India, China, Turkey, and South Africa
GDP gross domestic product

IGCC integrated gasification combined cycle

IPC International Patent Classification

NIC National Innovation Challenge

NRF National Research Foundation

R&D Research and development

RTA Revealed Technological Advantage in Equation (6)

Scopus Bibliometric database

SDEWES Sustainable Development of Energy, Water and
Environment Systems

SI Specialization Index in Equation (3)

SME small and medium-sized enterprises

SOl sustainability-oriented innovation(s)

SolS sustainability-oriented innovation system(s)
SUSIN  Sustainable Innovation Index

TUBITAK The Scientific and Technological Research Council of
Turkey

UNFCCC UN Framework Convention on Climate Change

WIPO  World Intellectual Property Organization

and mass markets (Schaltegger, 2002). SMEs were further able to
create more sustainable production and consumption patterns
(Schaltegger and Wagner, 2011).

1.1.2. Sustainable innovation at the sectoral level

At the sectoral level, studies on sustainable innovation analyzed
aspects of technology clusters or industrial sites. For example,
Zapata and Nieuwenhuis (2010) analyzed incremental and radical
innovations based on case studies in ethanol, hybrid, and hydrogen
fuel cell vehicles. Nilsson et al. (2012) compared the governance
structures for biofuel and hybrid electric vehicle technologies in
Sweden. Severo et al. (2015) analyzed the impact of cleaner pro-
duction processes in an automotive cluster of metal and mechanic
parts in Serra Gatcha, Brazil. Bai et al. (2014) assessed the progress
of the Eco-Industrial Parks (EIP) initiative in China based on in-
terviews at 33 locations. Zhang et al. (2015) analyzed the efficiency
of resource flows at an EIP in Shandong Province, China as one of
the sites that implemented industrial ecology.

1.1.3. Sustainable innovation at the country level

At the country level, studies focused on key concerns to accel-
erate the pace of sustainable innovation. Suzuki (2015) reviewed
the barriers for clean technology diffusion with a focus on devel-
oping countries. The most frequent barriers were found to be high
capital costs and low priority in finance. Other barriers were the
lack of an enabling environment based on capacity as well as
research and development (R&D) activities (Suzuki, 2015).
Vollenbroek (2002) underlined that existing technologies are not
sufficient to meet environmental goals. A national program was
analyzed as a tool for transition management, namely the Dutch
Program for Sustainable Technology Development. The Program
targeted a factor 20 increase in eco-efficiency (Vollenbroek, 2002).

1.1.4. Sustainable innovation at an analytical level
In an analytical approach, Medeiros et al. (2014) categorized
the literature on environmentally sustainable product innovation

into five categories. The categories involved factors that influ-
enced the adoption of green innovation and the drivers behind
green behavior. Other aspects involved methods to develop sus-
tainable products, the effects of sustainable innovation on
competitiveness, and collaboration in green technologies. The
presence of a specific gap in empirical research for testing and
validating critical success factors was identified, including those
for cleaner technology research (Medeiros et al., 2014). Bossle
et al. (2016) reviewed the methods that were used in 35 studies
to assess aspects of eco-innovation. The methods involved mainly
the use of surveys and case studies while only two involved patent
analysis.

1.1.5. Outlook for sustainable innovation

Beyond specific case studies, Vezzoli et al. (2015) underlined the
vitality of a Sustainable Product and Service System to provide al-
ternatives to end-of-pipe solutions to pollution control, cleaner
production, and eco-design. Hargroves and Smith (2005) indicated
that the sixth wave of innovation will be on clean technologies that
radically alter productivity while lightening the load of humanity
on the planet. Clean technologies were given to include radical
resource productivity, biomimicry, green chemistry, industrial
ecology, and renewable energy (Hargroves and Smith, 2005). In an
outlook for the future, Khalili et al. (2015) identified characteristics
of training programs that are needed to further develop human
capacity in support of sustainable development.

1.2. Sustainability-oriented innovation systems

Beyond studies at various levels, an innovation systems
approach can be a valuable tool to assess sustainable innovation.
The innovation systems approach includes concepts such as tech-
nological innovation systems (Carlsson and Stankiewicz, 1991) as
well as sectoral systems of innovation (Malerba, 2002). More
recently, the concept of a sustainability-oriented innovation system
(SolS) was proposed (Stamm et al., 2009). SolS is a specific kind of



S. Kilkis / Journal of Cleaner Production 130 (2016) 235—247 237

innovation system in which the main aim is to generate innovations
that reduce pressures on the environment and global public goods
(Stamm et al., 2009). SolS is differentiated from other innovation
systems based on a focus on sustainable innovation. At a conceptual
level, SolS was exemplified based on case studies in such areas as
renewable energy (Stamm et al., 2009). Descriptive case studies
from the BRICS countries (Brazil, Russia, India, China, and South
Africa) were included based on achievements in renewable energy
technologies (Stamm et al., 2009).

1.2.1. Opportunities for analytical methods

Analytical methods that are supported with data analysis have
not been applied to analyze the priorities and/or performance of
SolS in any country, including the BRICS. SolS can hold great
importance especially for the BRICS as a means to pull the fast
paced level of economic growth to a more sustainable direction. In
addition, studies on the BRICS are limited and analyses of techno-
logical capability lack any thematic focus. Wong and Wang (2015)
evaluated the growth trajectories of the BRICS based on paper
and patent analyses in general and proposed an index that can be
used to evaluate the process of catching-up to leader economies.
Other analyses of the BRICS focused on aspects of renewable energy
policy (Zhang et al., 2011), environmental efficiency of electric
power industries (Xie et al., 2014), and technology foresight (Chan
and Daim, 2012). Yet other studies included those on energy effi-
ciency and the Kuznets curve (Chang, 2015) as well as Kyoto
mechanisms (Freitas et al., 2012).

In further comparison, technology oriented studies that involved
samples of firms from one of the BRICS countries lacked an innovation
system focus. Cai and Zhou (2014) surveyed firms in China from
different sectors of the economy to determine the role of technological
and organizational capabilities in driving eco-innovation. Nagano et al.
(2014) analyzed four Brazilian companies based on the influence of
contextual factors on product development activities. Jabbour et al.
(2015) analyzed 62 Brazilian companies to relate technical and orga-
nizational factors with practices that involved green product develop-
ment. Jabbour (2015) found that environmental training in 95
companies in Brazil was correlated to environmental management
maturity.

1.3. Aims of the research work

This research work aims to address the gap in the literature for
analyzing the priorities and performances of specific kinds of
innovation systems that are directed to sustainable R&D and
innovation activities, namely SolS. The research work focuses on
SolS at the country level of specific emerging and innovation based
economies, including the BRICS. The aim is to advance the analyt-
ical approach towards SolS based on an analysis of the priorities of
the support mechanisms to promote environmentally-friendly
R&D and innovation. The thematic priorities are compared to
related data analyses of papers and patents. Papers and patents are
defined as intermediate output measures of technological change
(Kemp and Pearson, 2007). Such a scope provides a measurable
boundary for SolS performance. In contrast, the impacts of SolS are
expected to extend to improving resource efficiency, e.g. energy,
material, water, and CO; intensities.

Section 2 of the paper describes the method that is developed
for the analyses while Section 3 provides the results for the country
sample. As a whole, the method provides useful insight on the level
of alignment between the priorities of the SolS and related per-
formance in papers and patents to assess the prospects for more
mature innovation systems for sustainability.

2. Method

Fig. 1 summarizes the four layers of analysis that are integrated
in the research work to analyze the priorities and performance of
the SolS of a given country in the sample. The four layers represent
aspects of system analysis (Section 2.2), knowledge production
(Section 2.3), technological innovation (Section 2.4), and system
efficiency (Section 2.5). The method of analysis in each of the four
layers is made specific to a particular set of keywords that are
related to patent codes. This aspect enables compatibility between
layers and allows the analyses to be compared per keyword. The
datasets that are obtained from the four layers of analysis are used
to integrate qualitative and quantitative results. An index that
represents the performance of SolS based on aggregated values of
all keywords is further developed.

2.1. Keyword clusters and keywords

Table 1 provides the set of 19 keywords that pertain to three
thematic keyword clusters (KC) relating to renewable energy tech-
nologies, energy efficiency, and environmental management. The
keywords are compiled based on the International Patent Classifi-
cation (IPC) Green Patent Inventory (WIPO, 2015a). This is an in-
ventory of keywords and matching patent codes that relate to
environmentally sound technologies as listed within the United
Nations Framework Convention on Climate Change (UNFCC) (WIPO,
2015a). Non-technology specific keywords, such as energy policy, are
added from the keywords of the Sustainable Development of Energy,
Water and Environment Systems Conferences in the field of sus-
tainable development (SDEWES Centre, 2014). The grouping of the
19 keywords into 3 keyword clusters facilitates the thematic nature
of analysis.

2.2. System analysis layer

In Fig. 1, the first layer constitutes system analysis in which the
keyword clusters and/or keywords that receive priority in the sup-
port mechanisms of a given country c are identified. These inputs are
matched to the functional dynamics of SolS based on the scope of the
support mechanisms in which the priorities are present. The first
three functional dynamics are facilitation of experimentation and
learning (F;), knowledge development (F»), and knowledge diffusion
(F3) (Bergek et al., 2008; Hekkert et al., 2007; OECD, 2014a). The last
three functional dynamics are guidance of search and selection (Fy),
market formation (F5), and the development and mobilization of
resources (Fg) (Bergek et al., 2008; Hekkert et al., 2007; OECD, 2014a).
Table 2 summarizes the primary scope of the functional dynamics, F.
Within the integrity of SolS, these main activities are expected to be
in systemic interaction (Kilkis, 2014).

In the systemic interactions of SolS (see Fig. 1), F4 is in a central
position to effectively guide the SolS in the direction of sustainable
innovation. One such systemic interaction is based on the opening of
thematic calls to stimulate collaborative R&D projects in the priorities
of F4 under the functional dynamics of F> and F3. Based on the maturity
of the SolS, the priorities that are set in F4 may further extend to other
kinds of support mechanisms. For example, the priorities may be
aligned with those for scholarships and fellowships (Fg) and/or sup-
port for physical research infrastructure (Fg). The priorities may be
diffused to initiatives for public procurement and pilot demonstration
initiatives (Fs). Entrepreneurial activities (F;) may include thematic
support for clean technology incubators and technology parks.

The output of the first layer is a matrix of the functional dy-
namics and keyword clusters and/or keywords that are found to
exist in the support mechanisms per country c. The matrix is
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Fig. 1. Layers of analysis in the research method.
Table 1
Keyword clusters and keywords used in the analysis.
KCy Keyword cluster Keywords kx
KCy Renewable, alternative energy technologies Solar energy, photovoltaic(s), solar cells kq
Wind energy, wind power, wind turbine ko
Bioenergy, biofuels, biomass gasification, pyrolysis k3
Geothermal energy, geothermal power k4
Hydro energy/power, ocean energy, tide energy ks
Fuel cell(s), hydrogen fuel cells, hydrogen energy ke
KC, Energy efficiency, technology and policy Hybrid vehicles, electric vehicle(s) k7
Energy storage ks
Integrated gasification combined cycle, cogeneration, ko
polygeneration, waste heat
Energy efficient electric appliances ko
Energy efficient buildings k11
Smart grid(s), smart energy systems/networks, smart meters k12
Energy policy, renewable energy policy ki3
KCs Mitigation and environmental management Pollution control, carbon capture and storage kia
Waste disposal, waste management, material reuse kis
Transport policy, traffic management, alternative fuels ks
Sustainable development policy k7
Water management, water policy, water technologies kis
Environmental policy, ecological management k1o

organized to represent the systemic interactions that are expected sample. Such an analysis pertains mostly to F» and F3 for knowledge

to take place within SolS. development and diffusion. Fg for the development and mobiliza-
tion of resources, including human resources and research infra-
2.3. Knowledge production layer structure, is another functional dynamic that supports knowledge

production. The output of this layer is the dataset for the share of a
The second layer of analysis for knowledge production is based particular keyword in the subset of papers that relate to sustainable
on analyses of papers for each of the 19 keywords per country in the innovation.
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Table 2
Identification of functional dynamics.

Fy Functional dynamic Primary scope

Fy Facilitation of experimentation and learning « Entrepreneurship, seed capital

Fo/F3 Knowledge development and diffusion e R&D projects, collaborative networks

F4 Guidance of search and selection e Calls for R&D projects, key initiatives

Fs Market formation e Public procurement, pilot demonstration

Fs Development and mobilization of resources o Scholarships, fellowships, research infrastructure

2.3.1. SolS performance based on clean technology papers

The source of the paper analysis is Scopus that is the largest
bibliometric database of peer-reviewed literature (Scopus Database
Advanced Search, 2015). The advanced search option of Scopus
allows for the entry of string commands. The country of the pub-
lication and the 19 keywords are inserted into the string com-
mands. The search results are limited to articles in peer-reviewed
journals that were published between the years 2003 and 2014. In
the method, 160 searches were conducted.

2.3.2. Specialization Index

The data inputs are analyzed based on the Specialization Index
(EC Directorate-General for Research and Innovation, 2014),
referred to as SI hereafter. SI is the quotient of two ratios both of
which compare the share S of a country in the total number of
papers. Equation (1) is specific to a particular keyword, ky. Here, R
represents the total number of papers for a particular keyword ky
for a given country c and the world, w. In Equation (2), R is taken for
the total number of papers for ¢ and w regardless of keywords.
Equation (3) formulates SI based on these two shares. SI values
greater than 1 indicate that the world share of a country in the total
number of papers for ky is greater than the world share of the same
country in all papers. SI values less than 1 indicate no particular
specialization. The results of Equation (3) indicate the keywords ky
in which a country can be more specialized.

S(ka)c = (ka)c/(ka)w (1)
S(R)c = (R)c/(R)w (2)
SI (ky), = S(ka)C/S(R)C (3)

2.4. Technological innovation layer

The third layer represents technological innovation that is based
on patent analysis using patent codes that relate to the specific
keywords. Patenting is related directly to F; for entrepreneurial
activities and Fs for market formation. Within the systemic integ-
rity of SolS, however, patenting further receives significant support
from the other functional dynamics, including F, and F3, which are
required for the basis of technology development. The output of
this analysis layer is the performance of a country in patents based
on specific keywords.

2.4.1. SolS performance based on clean technology patents

In the patent analysis, the advanced search option of the World
Intellectual Property Organization (WIPO) PatentScope database
(WIPO, 2015b; WIPO, 2015c) enables the search of international
and national patent collections. String commands are written to
search for a given country and more than one IPC code for a given
keyword simultaneously. The string command includes entries for
address country, publication date, and IPC patent codes. These

codes are based on the IPC Green Patent Inventory that consists of
265 mutually exclusive patent codes (Kilkis, in press).

2.4.2. Revealed Technological Advantage

The data inputs in the third layer are analyzed based on
Revealed Technological Advantage, hereafter expressed as RTA (EC
Directorate-General for Research and Innovation, 2014). This indi-
cator represents the relative advantage of a country in a specific
technology field when compared to world patenting trends
(Khramova et al., 2013). Equations (4) and (5) formulate the com-
ponents of RTA. Here, P represents the total number of patents for a
particular keyword ky and/or a given country c and the world, w.
Equation (6) gives RTA that compares the world share, S of a given
country in the total number of patents for a specific keyword ky, over
the share among all patents. Values of RTA greater than 1 indicate
that the share in the total number of patents for a keyword ky is
greater than the share among all patents. The reverse is true when
patents for keyword ky do not represent a similar advantage.

S(Py)c = (P)/ (P, (4)
S(P)C = (P)c/(P)w (5)
RTA(ke). = S(Py,) /S(P)c (6)

In Table 1, four of the keywords are policy related in nature,
namely k13, k16, k17, and k19, which make them valid for paper but
not for patent analysis. As a result, the RTA values of these keywords
are zero by default since the scope is not suitable for patenting
activities.

2.5. System efficiency layer

The theme of system efficiency comprises the fourth layer. This
theme is based on analyses of the previous two layers by comparing
the datasets of SI and RTA per keyword, ky and country c. In this
process, the values in the two datasets are first normalized per ky
based on the Min—Max method (OECD-JRC, 2008) as given in
Equation (7). Here, the value v for a given keyword ky and country ¢
is normalized into value V. The normalized value is based on the
minimum (min) and maximum (max) values in the dataset for the
same keyword k, among all countries in the sample. In Equation (7),
the values are taken from the datasets of SI and RTA per keyword ky
to form two new datasets with the normalized values. Accordingly,
the datasets of SI and RTA per keyword ky are normalized between
1 and O that correspond to the highest and lowest values in the
dataset whichever country these values may belong. The results of
the normalized values for all keywords ky are then compared in
radar charts per country, c.

V(kx). = (V (kx)e —v (kx)max)/(v (kx)min) - (V (kX)max) (7)

The radar charts are useful to compare the level of alignment
between performances in SI and RTA for a specific keyword ky in a
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given country. Any strength in both SI and RTA are compared to the
keywords that received priority in the functional dynamics matrix.
In the context of system priorities, the analysis is pertinent to
compare the system efficiency of transforming knowledge based on
papers into technological innovation based on patents. The fourth
analysis is also useful to assess the maturity of the SolS in being able
to align priorities and outputs, thereby allowing the system to have
coherency in approach and performance.

2.6. Sustainable Innovation Index

In addition, a Sustainable Innovation Index (SUSIN) is developed to
complement the keyword specific nature of the four analyses in the
method. Sustainable innovation depends on competences in more
than one keyword and in particular, interactions between multiple
keywords within the integrity of SolS. SUSIN aggregates the normal-
ized values of SI and RTA for all keywords ky for a particular country.
Equation (8) formulates SUSIN that consists of the summation of the
normalized values V of SI and RTA based on Equation (7) for all key-
words ky from x = 1 to x = 19 per country c. Countries that have the
highest aggregated values indicate the presence of higher normalized
scores in multiple keywords in SI and RTA. In addition to the total
aggregated value, SUSIN is also presented by keyword cluster.

19 19
SUSIN = Z Vsi(kx). + Z Vira(kx)¢ (8)
x=1 x=1

2.7. Determination of the country sample

In this paper, the country sample is taken to be the countries in
the BRICS group and two additional countries. One of these coun-
tries is Turkey that is starting to be added to the BRICS countries as
BRICTS (Bildirici and Bakirtas, 2014). The other country is Singapore
that is taken as a benchmark to represent an innovation-based
economy (Schwab, 2014). Since the indicators of SI and RTA are
indexed to the world share of the country, the aspect of country size
is not an influencing factor in the analyses. In total, the country
sample represents 7 countries. The BRICS group is also added to
compare the performance of the BRICS as a whole.

3. Results and discussion

The application of the method in Fig. 1 to the BRICS countries as
well as Turkey and Singapore provides the opportunity to analyze
the priorities and performances of the SolS of these countries based
on the set of 19 keywords. Sections 3.1—3.5 provide the results of the
multiple layers of analysis and their integration within the coherency
of the method. The results are presented in a stepwise manner in the
order of the analysis layers in Fig. 1. The results of the countries in the
sample are further discussed individually and collectively.

3.1. Results of the keyword and functional dynamics matrix

In total, more than 250 support mechanisms from the BRICS
countries as well as Turkey and Singapore are reviewed based on
data mining and/or institutional visits. The range of support
mechanisms in these countries support the definition of SolS based
on policy tools for each functional dynamic. The same support
mechanisms are scanned for priorities that are related to the 19
keywords and/or 3 keyword clusters and distributed to the func-
tional dynamics as appropriate. Table 3 provides the results of these
priorities that are arranged in matrix format. The priorities of
support mechanisms that involve thematic calls for collaborative
R&D projects are marked under the column that involves the
interaction (« ) of F,/F3 and F4. The priorities of the other support
mechanisms, such as those for market formation (Fs) and the
development and mobilization of resources (Fs), are marked in the
other columns. Table 3 is useful to determine the penetration of the
priorities in the various systemic interactions of SolS.

3.1.1. Priorities of the SolS of Brazil

Brazil prioritizes various aspects of the keyword clusters KCy,
KC5, and KCs under thematic calls for collaborative R&D projects
(see Table 3). The priorities are set as climate mitigation technol-
ogies, bioenergy, other renewable energy technologies, ecosystems
and biodiversity, and sustainable cities (Ministry of Science and
Technology and Innovation, 2011). The support mechanisms that
are used to implement these priorities include Inova Energy
(BNDES, 2014) and Inova Sustainability (FINEP, 2014). Both are
administered by the Ministry of Science, Technology and Innova-
tion and the Brazilian Innovation Agency. The Brazilian Develop-
ment Bank provides a financing continuum for the results of R&D
projects. One thematic program is PAISS that focuses on lignocel-
lulosic ethanol (BNDES-FINEP, 2014). Hence, k3 for bioenergy is
marked in Table 3 under specific priorities for market formation
(Fs). In addition, the program Science without Borders (Conselho
Nacional de Desenvolvimento Cientifico e Tecnolégico, 2014) pro-
vides an integrated approach to foster human resources, including
in priorities that correspond to the keywords ki, ka, k3, ks and kqo.

3.1.2. Priorities of the SolS of Russia

As indicated in Table 3, Russia prioritizes the keyword clusters
KCq and KC; as well as the keyword k4. Critical technologies include
sustainable energy sources, energy saving systems for energy
transmission, distribution and use, as well as energy-efficient po-
wer generation technologies (Russian Federation, 2014). Technol-
ogies for monitoring the environment are also prioritized (Russian
Federation, 2014). The Federal Targeted Program addresses these
and other priorities by providing grants to pre-competitive and
applied research (Ministry of Education and Science of the Russian
Federation, 2014). In addition, the Skolkovo Innovation Center is
launched as a pilot site to stimulate market formation, including for
green building technologies (Russian Venture Company, 2014).
Entities such as the Russian Venture Company (RVC) provide

Table 3
Keyword and functional dynamics matrix for SolS.
Country F1 — F4 F2/F3 & F4 F5 — F4 F6 — F4
Brazil v VKCq, KCy, KC3 k3 v'ki, ka, k3, ks, k1o
Russia v /KC1, KCz, ]{]4 /k], k7, k]o, k]] 4
India 4 /KC1, KCz, KC3 /k], k7, k13 /k3, k13
China v vk, ke, k7, ko, k12, k16, k18, k19 vk, k12 v
South Africa v VKCq, ks, ko, k1s, k19 k3 Vkig
Turkey 4 /KC], KCz, KC3 /k], kz, ks, k7, k9 ./KC1, KCz, KC3
Singapore vKCq, KCy vKCq, KCy v KCy, KG, VKCq, KGC,, KCs
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support to bring the results of R&D into the market, including thin
film solar cells and electric vehicles (RVC, 2013). The related key-
words of ki, k7, k1o and kq; are marked in Table 3 as priorities for
market formation.

3.1.3. Priorities of the SolS of India

India presents a comprehensive coverage of the keyword clus-
ters KCy, KC,, and KCs based on the priorities of national R&D policy
(Department of Science and Technology, 2013) and foresight (TIFAC,
2015). As indicated in Table 3, the priorities in energy, water
management, and climate change penetrate into call-based prior-
ities for R&D projects. The priorities that extend to market forma-
tion are based on the priorities of broader initiatives, such as the
Solar Energy Research Initiative (SERI) (DST, 2014a) for ki and the
Water Technology Initiative (WTI) for kg (DST, 2014b). These ini-
tiatives cover aspects of pilot demonstration that is vital for market
formation (Fs). In addition, the Technology Development Board
provides support at more mature technology readiness levels
(Department of Science and Technology, 2014), including electric
vehicles as k7. Table 3 further indicates that India prioritizes k3 and
ki3 in developing human resources (Fg). These priorities are
included in those of the Nehru and Swarnajayanti Fellowships that
are designed to support advanced, frontier researchers (DST, 2015).

3.1.4. Priorities of the SolS in China

As presented in Table 3, the priorities of China exhibit a specific
focus on the keywords ky, ks, k7, ko, k12, k16, kig, and kig. These
priorities are based on the targeted frontier technologies and basic
research areas of national plans (State Council of the People's
Republic of China, 2006). Priorities that take place in this plan
form the basis of the call-based National High-Tech R&D Program,
known as 863 (Ministry of Science and Technology of the People's
Republic of China, 2014). Beyond collaborative R&D activities (F»/
F3), the priorities for market formation (Fs) are based on those of
the National S&T Major (Mega) Projects Initiative that also includes
specific production targets (Ministry of Science and Technology,
2014). One of the Mega Projects is next generation mobile
communication networks that benefits smart grids (ki2). Other
initiatives that enable a financing continuum for research results
are those on electric vehicles (k7). Under the Ten Cities, Thousand
Vehicles Initiative, local authorities are expected to implement
public procurement to achieve targets for electric vehicles. The
initiative has since spanned targets for 25 pilot cities (Marquis et al.,
2013).

3.1.5. Priorities of the SolS in South Africa

In South Africa, the priorities for knowledge development and
diffusion are based on the keyword cluster of KC; and the keywords
ks, ko, k1g, and kq9. The national innovation plan includes a focus on
energy security, including integrated gasification combined cycle
(IGCC), renewable energy, and the hydrogen economy. The Plan
also designates global climate change science as one of the five
“grand challenges” (Department of Science and Technology, 2008).
The Technology Mission on smart materials, including materials for
energy storage (Department of Science and Technology, 2008), and
the Water Sustainability Flagship (Council for Scientific and
Industrial Research, 2015) further involve keywords kg and kis.
For market formation (Fs), the Biofuels Technology Demonstration
Program that is implemented by the Technology Innovation Agency
(Technology Innovation Agency, 2015) sets a clear priority for ks.
The Centers of Excellence Initiative (National Research Foundation,
2015) that supports research infrastructure includes a priority for
keyword k19 under the functional dynamic Fg.

3.1.6. Priorities of the SolS in Turkey

Turkey has an extensive call-based system for national R&D
priorities (TUBITAK, 2015a) that covers the keyword clusters KCj,
KC5, and KCs. The calls are opened in programs that incentivize R&D
collaboration in the priority areas based on milestones in tech-
nology roadmaps, which have been coordinated by the Scientific
and Technological Research Council of Turkey (TUBITAK) (OECD,
2014b). In the aspect of market formation (Fs), landmark projects
allow public authorities to be the lead users of newly developed
technologies under the Public Institutions Research Funding Pro-
gram (1007) of TUBITAK (TUBITAK, 2013). As given in Table 3, these
landmark projects address keywords ky, ka, ks, k7, and kg based on
national projects for solar energy systems, wind energy systems,
hydropower, electric vehicles, and cogeneration (Supreme Council
for Science and Technology, 2015). Another aspect of supporting
priorities across the systemic whole of the SolS is the provision of
scholarships in priority areas, including energy and environmental
technologies (TUBITAK, 2015b).

3.1.7. Priorities of the SolS in Singapore

Singapore presents the most consistent penetration of priorities
across each interaction in the SolS, including entrepreneurship (Fy).
This consistency has allowed Singapore to gain competences in
intelligent energy systems, energy efficiency, as well as water and
solar research (Research Innovation and Enterprise Secretariat,
2015). For example, the Energy National Innovation Challenge
(Energy NIC) that is initiated by the National Research Foundation
(NRF) provides a whole-of-government effort (NRF, 2015a). The
CleanTech Park (JTC Corporation's CleanTech Park, 2015) is also
launched as an entrepreneurial living laboratory for early clean
technology and solutions, which facilitates the penetration of the
priorities as set in F4 to F; and Fs. Another initiative is the Urban
Systems Initiative that focuses on urban challenges (A*STAR, 2015).
In the aspect of infrastructure and human resources (Fg), the
CREATE Program of NRF supports partnerships in the thematic
priorities of human, energy, environmental, and urban systems
(NRF, 2015b), including those on future cities, low-carbon energy,
and electromobility (TUM Create, 2015).

3.2. Results of the Specialization Index

Table 4 provides the results of the second layer of analysis based
on data gathering in the Scopus database per keyword ky and
country c. Table 4 puts forth the keywords in which countries are
relatively more specialized based on values of SI using Equations
(1)—(3). Table 4 represents 152 entries for SI as the product of 19
keywords for the 7 countries and the BRICS group. Among this total,
73 entries represent keywords in which countries are more
specialized based on SI values greater than 1 (see entries with ar-
rows). The highest levels of specialization are observed to be in
Turkey for k4 (5.74) and Singapore for kg (3.38) and k; (2.86). South
Africa and China also have high levels of specialization in k17 (2.82)
and ks (2.79), respectively. The lowest value of SI appears to be for
k7 in Russia (0.05). The total number of papers in the sub-set of all
keywords x = 1 to x = 19 and other key variables in Equations
(1)—(3) are provided in the last two rows or last column in Table 4.
Between the years 2003 and 2014, the countries in the sample had
153,838 papers based on the given keywords.

3.3. Results of the Revealed Technological Advantage

Table 5 provides the results of the third layer of analysis based
on data gathering in WIPO PatentScope per keyword ky and country
c. In this context, Table 5 indicates the keywords in which countries
are relatively more specialized based on values of RTA. Overall,
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Table 4
Specialization Index values and variables per keyword.
Keywords (ky) Brazil Russia India China S. Africa BRICS Turkey Singapore World
N§ k1 0.40 0.67 1.53 1 1.70 1 0.60 142 1 0.94 2.86 1 57,670
ko 0.39 0.25 1.05 1 1.90 1 0.58 142 1 1151 0.75 21,124
k3 149 1 0.97 158 1 1.55 1 0.93 148 1 1351 1351 63,994
kq 0.16 1.00 1t 0.66 0.79 0.45 0.72 574 1 0.55 2722
ks 1.16 1 0.36 119 1 279 1 0.60 2.07 1 1311 0.69 7262
ke 0.64 0.62 118 1t 1.80 1 0.79 1.44 1 0.98 2.66 1 49,322
k7 0.16 0.05 047 2311 0.22 1.52 1 0.34 0.98 8830
ks 0.32 0.54 1.24 1 2251 0.86 1.69 1 1.08 1 3.38 1 16,445
ko 0.88 142 1 1151 1511 0.52 1351 1371 140 1 8677
k1o 0.29 0.72 047 1.27 ¢t 0.47 0.97 0.25 157 1 740
k11 0.43 0.17 0.49 0.87 0.17 0.68 1.69 1 1.11 1 2091
k12 0.68 0.08 0.71 1.79 1 0.58 130 1 0.78 244 1 3885
ki3 0.77 0.24 1.09 1 0.75 1.30 1 0.77 1.92 1 1.36 1 30,489
k14 0.64 0.24 1.57 1 1.64 1 1.01 1 138 1 0.86 1.00 1 21,905
kis 142 1 0.24 1.69 1 1.24 1 1.29 1 122 1 1.40 1 1.52 1 53,482
k16 0.54 0.23 141 1 0.84 0.99 0.85 1.57 1 1.57 1 8602
k17 114 1 0.41 0.90 0.96 2821 0.96 0.92 0.76 37,100
ki 0.97 0.18 1.55 1 1111 237 1 1.11 1 1351 1.49 1 42,276
k1o 0.81 0.36 0.98 0.77 1.04 1 0.78 0.90 0.60 53,592
Sub-total® 10,070 5269 23,977 97,152 3318 139,789 9387 4665 490,208
Total (%)° 2.56 1.40 3.82 4.08 3.42 3.60 3.47 4.62 2.92
2 Based on Equation (3) except world values that represent the number of papers in keywords.
b Total papers in the clean technology keywords for the country, BRICS group or the world.
¢ Total share of clean technology papers in country, region or world total (%).
Table 5
Revealed Technological Advantage values and variables per keyword.
Keywords (k) Brazil Russia India China S. Africa BRICS Turkey Singapore World
RTA? kq 0.67 1.46 1 0.56 1.14 1 1.151 1.07 1 1311 2291 258,400
ko 3.871 3.77 1 1.24 1 1.52 1 2811 1.79 1 2331 4.51 1 63,678
k3 2.691 1.70 1 1.88 1 1.08 1 2.631 1351 045 1.92 1 384,558
ka 1361 446 1 0.87 1451 1.15 1.59 1 2,011 0.51 33,194
ks 5.881 4.96 1 3.07 1 1.51 1 5.761 228 1 6.071 3651 23,625
ke 0.33 0.62 0.29 0.42 0.38 041 0.60 0.81 135,725
ks 0.60 143 1 0.79 0.72 0.37 0.77 1.161 0.17 57,888
ks 0.19 0.64 0.58 141 1 0.74 117 1 0.83 0.83 92,493
ko 0.73 1.56 1 0.84 1.09 1 1.661 1.10 1t 1.001 144 1 33,333
ko 0.14 0.28 0.23 0.53 0.56 0.46 0.19 1.01 1 76,157
k11 1.001 138 1 0.18 0.65 0.86 0.67 0.60 1.05 1 79,528
k12 0.68 0.47 0.61 0.80 0.88 0.75 0.36 1.70 1 187,582
k13 - - - - - - - - -
kia 1.241 1.76 1 1.00 1t 0.75 1.881 091 1.001 136 1 330,592
kis 2.861 2.82 1 143 1 0.87 2.781 123 1 0.81 0.57 105,749
kie - - - - - - - - -
k17 - - - - - - - - -
fe1g® 8.671 5.60 1 0.00 0.49 5311 130 1 0.00 199 1 2404
k1o - - - - - - - - -
Sub-total“ 781 1522 1655 8875 720 13,553 350 1235 1,864,906
Total (%)° 12.72 13.71 8.64 8.16 14.37 9.02 7.84 13.87 8.74

2 Based on Equation (6) except world values that represent the number of patents in keywords.
b Includes patent codes for removing pollutants from open water based on WIPO (2015a).
¢ Total patents in the clean technology keywords for the country, BRICS group or the world.

d Total share of clean technology patents in country, region or world total (%).

Table 5 has 120 entries that are calculated based on Equations
(4)—(6) for the 15 keywords that are suitable for inclusion in the
patent analysis. Among these entries, 65 entries represent key-
words in which countries are relatively more specialized based on
RTA values greater than 1.

The highest level of specialization is observed to be in Brazil for
k1s (8.67) and ks (5.88) and ks for Turkey (6.07). Russia and South
Africa are also specialized to a high extent in kg with values of 5.60
and 5.31, respectively. The last two rows of Table 5 provide the total
number of patents in the sub-set of keywords x = 1 to x = 19,
excluding ki3, k16, k17, and kqg. The share of the patents in this sub-
set in the total patents of the country is further given. The total
number of patents in the world per ky is included as a key variable

in Equations (4)—(6). Between the years 2003 and 2014, the
countries in the sample had 15,138 patents in the given keywords.

3.4. Comparison of paper and patent performance

Equation (7) is applied to the data entries in Tables 4 and 5 to
obtain the normalized values of SI and RTA per keyword ky. These
normalized values are plotted onto the radar charts in Fig. 2 that
have axes with origin of 0 and outer border of 1. The radar charts in
Fig. 2 are given per country and the BRICS group starting at the top
left corner with Brazil (a) and proceeding in order to Singapore (h)
at the bottom right corner. The series with circular (blue, in the web
version) and rectangular (red, in the web version) markers
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Fig. 2. Comparison of normalized SI and RTA values per keyword and country.
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represent the normalized values of SI and RTA, respectively. The
comparison of both markers per keyword ky provides the relative
level of alignment between the performance of a country in
specializing in papers and patents at the same time.

3.4.1. Comparison of the SolS performance of Brazil

In Fig. 2, the radar chart of Brazil (a) indicates that two key-
words, namely k3 and kis, have a high level of performance based
on the normalized values of SI and RTA. This indicates that Brazil is
specialized in these keywords from the aspect of both paper and
patent outputs. In other keywords, such as ks, ki1 and kg, Brazil is
specialized only from the aspect of patents and not papers. This
indicates that Brazil is not specialized in all of the keywords that are
prioritized based on the priorities in the support mechanisms and
strategy documents. In contrast, k3 comes across as a priority that is
particularly emphasized under Fs, which could provide one reason
for the relatively high level of performance in RTA in addition to SI.

3.4.2. Comparison of the SolS performance of Russia

The radar chart of Russia (b) in Fig. 2 indicates that only keyword
kg has a high level of specialization in both SI and RTA values. This
keyword is covered by the priority on energy-efficient power
generation technologies (Sokolov and Chulok, 2014). In the aspect
of papers, Russia has the lowest level of specialization in the key-
words among the countries in the sample. Relatively high levels of
specialization are evident in patents in five other keywords, namely
ka, k7, k11, k14, and ki5. Among these keywords, k7 and ki, corre-
spond to specific priorities that take place in Fs.

3.4.3. Comparison of the SolS performance of India

Based on the normalized SI and RTA values in the radar chart of
India (c) in Fig. 2, the country is more specialized in select keywords
based on the performance in papers rather than in patents,
particularly k4, k15, and kq9. The keyword in which India has a high
level of specialization in both papers and patents is k3. This
keyword is one of the two keywords that are prioritized under both
F,/F3 and Fg. This outcome exemplifies the possibility that the
penetration of priorities across the SolS can result in better per-
formance in a given keyword.

3.4.4. Comparison of the SolS performance of China

In Fig. 2, the radar chart of China (d) indicates that the SolS of the
country is relatively geared more towards a specialization in papers
rather than in patents. In particular, China has the highest level of
specialization in keywords k», k3, ks, k7, ko, and kq4 in papers based
on the normalized values of SI. In contrast, China has a similar level

25

of performance in RTA values for patents only in kg, which has some
level of specialization based on papers. The priorities of the SolS for
k7 and kg are represented only in the specialization of the country in
papers.

3.4.5. Comparison of the SolS performance of South Africa

In South Africa (see e in Fig. 2), the normalized RTA values of the
keywords ks, ks, ko, k14 and ks are relatively high. Of these key-
words, k14 and k15 have a related specialization based on papers. In
contrast, k17, kig and kjg have the highest level of specialization
among all countries in the sample based on Sl values. In comparison
to the first analysis layer, ko, k1g and kig9 take place among the
keywords that receive specific priority under F,/F3. The other key-
words that are prioritized in South Africa prove to be keywords in
which the country has not attained a certain level of specialization
but may be anticipated to do so in the future.

3.4.6. Comparison of the SolS performance of BRICS

Based on Fig. 2, the BRICS as a group (f) specializes more
distinctively in particular keywords based on the output of papers
rather than the output in patents. The normalized values of the RTA
are lower for all keywords except k4, ks, and kq;. Within BRICS, the
strength in these keywords is driven by those of Russia and/or
China. At the same time, k; was found to be one of the most
commonly prioritized keywords in Table 3. The countries that
specialize in this keyword, however, are more limited. This
outcome places a role on the effective design of support mecha-
nisms for system efficiency and maturity of the SolS.

3.4.7. Comparison of the SolS performance of Turkey

The results for Turkey (see g in Fig. 2) indicate that specialization
in specific keywords are evident based on SI values and the per-
formance of RTA in patents. Turkey appears to specialize in ky, ko,
k11, k13 and ki based on paper outputs and has relatively high
normalized values of RTA in ks and k; in patents. This outcome
indicates that there is a varying level of match between the key-
words that receive prominence in papers and patents. The key-
words that receive a higher normalized value of RTA more closely
resemble the R&D and innovation initiatives that are launched in
the system, such as those on electric vehicles (k7).

3.4.8. Comparison of the SolS performance of Singapore

In Singapore (h in Fig. 2), there is better alignment between
strengths in papers and patents in specific keywords that indicates
a certain level of maturity in the SolS. Singapore has the highest
level of specialization in both SI and RTA among the countries in the
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sample in ky, ks, k10 and k12, which represent solar energy, fuel cells,
energy efficient electric appliances, and smart grid technologies,
respectively. There is also a high level of performance in keywords
kg and kq1 in both papers and patents. Such an alignment fits well
with the priorities of the country that extends to multiple func-
tional dynamics consistently for most priorities.

3.5. Results of the Sustainable Innovation Index

The stacked bar chart of Fig. 3 provides the results of the SUSIN
index for the 7 countries in the sample and the BRICS group as a
whole. Based on Equation (8), the normalized values of SI and RTA
are aggregated per country for all relevant keywords. The compo-
sitions of aggregated values of the SUSIN are also given based on
the totals of the keyword clusters.

In Fig. 3, Singapore has the highest value of SUSIN at 21.17. This
indicates that the SolS specializes in more keywords than other
countries in the sample with favorable outcomes in papers and/or
patents. The composition of the stacked bar for Singapore further
indicates that keyword cluster KC, contributes the most to this
outcome (9.60). This performance is consistent with the results of
the multiple layers of analysis. Singapore is better aligned in
specializing in both papers and patents in the same keywords. In
addition, the priorities of the SolS in each systemic interaction are
more consistent when compared to other countries in the sample.

Such a performance of Singapore is followed by China with a
SUSIN value of 16.86. China does not have a comparable level of
alignment in keyword performance as Singapore. Within SolS,
however, China does have the next best coverage of multiple key-
words with notable values of SI and/or RTA. The average value for
SUSIN for the BRICS is found to be 14.91. Turkey (15.36) and South
Africa (15.30) also perform above the BRICS average. Both countries
had multiple keywords that received some of the highest normal-
ized values for SI and/or RTA. In contrast, based on SUSIN values,
India (12.38), Brazil (11.95), and Russia (11.93) perform below the
BRICS average. While these countries, too, specialized in specific
keywords, the performance is not as high or widespread as the
other countries in the sample. In this respect, despite the presence
of related priorities and initiatives that are set to guide the system,
these countries may need to further boost the efficiency of SolS
performance.

4. Conclusions

The ability to activate SolS will be a key strategy in enabling
countries to direct R&D and innovation efforts towards the aim of
sustainable development. The integrated method in Fig. 1 that was
developed in this research work was instrumental in assessing the
level of match between the priorities and performances of the SolS
in the country sample. In total, a set of 19 keywords were used in
analyses for the BRICS countries, Turkey, and Singapore. The first
layer as the system analysis layer evaluated the priorities across the
various interactions in the functional dynamics. This analysis was
crucial for determining the penetration of the priorities across the
different systemic interactions of the SolS.

The next two analyses provided a critical assessment of the
related functions of the SolS based on the intermediate output of
papers and patents. The level of specialization in papers in the
aspect of knowledge production was analyzed based on SL
Accordingly, SI values were highest in Turkey for k4 at 5.74 and
lowest in Russia for k7 at 0.05, which relate to geothermal energy
and electric vehicles, respectively. Technological innovation was
analyzed based on outputs in patents. RTA was highest in Brazil for
kqg at 8.67, which represented water technologies.

In the fourth analysis, values of SI and RTA were normalized and
compared per keyword, including the BRICS group. The comparison
enabled a qualitative assessment of system efficiency based on the
level of alignment between performances in both SI and RTA for a
given keyword. Singapore was found to have the best alignment in
performance, which further corresponded to the specific priorities
that were set to guide the activities of the SolS.

The comparison of the results from more than one layer of
analysis indicates that there are variances in the level of alignment
between the priorities and performance of the SolS. At present,
countries do not specialize in every keyword that is prioritized
across the various functional dynamics in the SolS. Some priorities
have been set as a commitment to increase the level of speciali-
zation in the future. In addition, countries do not have a consistent
level of performance in both SI and RTA for each priority that is set
for the SolS. The results indicate that the countries in the sample
are at various maturity levels in being able to align priorities with
performance based on the best measurable outputs available,
namely papers and patents.

The research work further developed SUSIN to provide insight
into the performance of a country across multiple keywords
simultaneously. SUSIN for the BRICS was 14.91 while Singapore had
the highest value at 21.17. Hence, SUSIN was useful to assess the
ability of a country to specialize in multiple keywords in either
patents and/or patents. Since sustainable development depends on
competences in more than one keyword, SUSIN is deemed to be
vital in comparing the overall level of performance of the SolS
across all keywords. As a whole, the research work presents novelty
in constructing an integrated method across multiple layers of
analysis to assess the priorities and performance of the SolS.

One limitation of the research work is that the assessment of SI
and RTA are based on total values of papers and patents between
the years 2003 and 2014. This situation represents the total stock of
knowledge production and technological innovation in the specific
timeframe. In contrast, it is not able to represent any increasing or
decreasing trends in annual growth rate between the years. A
temporal dimension on an annual basis may be undertaken in
future work, which may provide further insight into an improve-
ment in SolS performance over time, if any. More effective SolS can
also take a role in realizing aspects of the 2030 Agenda.

Currently, a goal of the 2030 Agenda emphasizes the need to
foster innovation and promote inclusive and sustainable industri-
alization (United Nations, 2015). The same goal includes the target
of supporting domestic technology development as well as
research and innovation in developing countries (United Nations,
2015). These aspirations may refer to the need of activating SolS
to enable a paradigm shift in producing assets to contribute to the
diffusion of more sustainable practices. The related indicator that is
proposed within the monitoring framework for the 2030 Agenda
(Expert Group on Sustainable Development Goal Indicators, 2015),
however, is not specific to measuring sustainable R&D and inno-
vation activities. The method of the present paper can be used by
interested countries to analyze the performance of SolS towards
activating sustainable R&D and innovation. In turn, more effective
innovation systems can support the transition to more sustainable
societies.

Acknowledgment

This paper is developed from a manuscript that was presented
at the 9™ Conference on SDEWES during September 20—27, 2014.
The author gratefully acknowledges TUBITAK for providing the
opportunity to coordinate R&D and innovation study visits that
initiated a motivation for conducting this original research work.



246 S. Kilkis / Journal of Cleaner Production 130 (2016) 235—247

References

A*STAR, SERC Urban Systems Initiative. <http://www.a-star.edu.sg/> (accessed
15.06.15.).

Bai, L., Qiao, Q. Yao, Y., Guo, J., Xie, M., 2014. Insights on the development progress of
National Demonstration eco-industrial parks in China.]J. Clean. Prod. 70 (1), 4—14.

Bergek, A., Jacobsson, S., Carlsson, B., Lindmark, S., Rickne, A., 2008. Analyzing the
functional dynamics of technological innovation systems: a scheme of analysis.
Res. Policy 37, 407—429.

Bildirici, M., Bakirtas, T., 2014. The relationship among oil, natural gas and coal
consumption and economic growth in BRICTS (Brazil, Russian, India, China,
Turkey and South Africa) countries. Energy 65, 134—144.

BNDES. Plano Inova Energia. <http://www.bndes.gov.br/SiteBNDES/bndes/bndes_
pt/Institucional/Apoio_Financeiro/Plano_inova_empresa/inovaenergia.html>
(accessed 15.01.14.).

BNDES-FINEP. PAISS Program. <http://www.bndes.gov.br/SiteBNDES/bndes/bndes_
pt/Areas_de_Atuacao/Inovacao/paiss/> (accessed 15.01.14.).

Bossle, M., Dutra de Barcellos, M., Vieira, L., Sauvée L., 2016. The drivers for adoption
of eco-innovation. J. Clean. Prod. 113, 861-872.

Cai, W.,, Zhou, X., 2014. On the drivers of eco-innovation: empirical evidence from
China. J. Clean. Prod. 79, 239—248.

Carlsson, B., Stankiewicz, R., 1991. On the nature, function and composition of
technological systems. J. Evol. Econ. 1, 93—118.

Chan, L., Daim, T., 2012. Exploring the impact of technology foresight studies on
innovation: case of BRIC countries. Futures 44, 618—630.

Chang, M., 2015. Room for improvement in low carbon economies of G7 and BRICS
countries based on the analysis of energy efficiency and environmental Kuznets
curves. J. Clean. Prod. 99, 140—151.

Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico. <http://www.
cnpq.br/web/guest/programas> (accessed 15.01.14.).

Council for Scientific and Industrial Research. Water Sustainability Flagship,
<http://www.csir.co.za/flagships/> (accessed 30.10.15.).

Cropper, A., 3—6 June 2008. Decoupling economic growth from environmental
degradation — the crucial role of resource efficiency. In: Green Week Confer-
ence, Brussels.

Department of Science and Technology, 2008. Innovation towards a Knowledge-
based Economy Ten-Year Plan for South Africa (2008—2018). Pretoria.

Department of Science and Technology (DST), 2013. Science, Technology and
Innovation Policy 2013. New Delhi.

Department of Science and Technology, Technology Development Board. <http://
dst.gov.in/technology-development-board> (accessed: 15.05.14.).

DST, Solar Energy Research Initiative. <http://dst.gov.in/scientific-programme/t-d-
solar-energy.htm> (accessed: 15.05.14.).

DST, Water Technology Initiative. <http://dst.gov.in/scientific-programme/t-d-wti.
htm> (accessed: 15.05.14.).

DST, Jawaharlal Nehru Science Fellowships. <http://www.dst.gov.in/scientific-
programme/ser-jns-fellowship.htm> (accessed 04.03.15.).

EC Directorate-General for Research and Innovation, 2014. Research and Innovation
Performance in the EU: Innovation Union Progress at Country Level. Publica-
tions Office of the European Union, Luxembourg.

Expert Group on Sustainable Development Goal Indicators. Open Consultation on
Grey Indicators. <http://unstats.un.org/sdgs/iaeg-sdgs/open-consultation-3/>
(accessed 08.11.15.).

FINEP. Inova Sustentabilidade. <http://www.finep.gov.br/apoio-e-financiamento-
externa/programas-e-linhas/programas-inova/inova-sustentabilidade>
(accessed 15.01.14.).

Foxon, T., Pearson, P., 2008. Overcoming barriers to innovation and diffusion of
cleaner technologies: some features of a sustainable innovation policy regime.
J. Clean. Prod. 16 (1), S148—S161.

Freitas, 1., Dantas, lizuka, M., 2012. The Kyoto mechanisms and the diffusion of
renewable energy technologies in the BRICS. Energy Policy 42, 118—128.

Hansen, E.G., Grosse-Dunker, F.,, Reichwald, R., 2009. Sustainability innovation cube
— a framework to evaluate sustainability-oriented innovations. Int. J. Innov.
Manag. 13, 683-713.

Hargroves, C., Smith, M., 2005. The Natural Advantage of Nations: Business Op-
portunities, Innovation and Governance in the 21% Century, the Natural Edge
Project. Earthscan, London.

Hekkert, M., Suurs, R., Negro, S., Kuhlmann, S., Smits, R., 2007. Functions of inno-
vation systems: a new approach for analysing technological change. Technol.
Forecast. Soc. Change 74 (4), 413—432.

Jabbour, C,, 2015. Environmental training and environmental management maturity of
Brazilian companies with ISO14001: empirical evidence. ]. Clean. Prod. 96, 331—338.

Jabbour, C., Jugend, D., Jabbour, A., Gunasekaran, A., Latan, H., 2015. Green product
development and performance of Brazilian firms: measuring the role of human
and technical aspects. J. Clean. Prod. 87, 442—451.

JTC  Corporation's  CleanTech  Park.  <http://ecocampus.ntu.edu.sg/pages/
aboutecocampus.aspx> (accessed 15.06.15.).

Kemp, R., Pearson, P., 2007. Final Report MEI Project about Measuring Eco-Inno-
vation. European Commission within the Sixth Framework Programme.

Khalili, N., Duecker, S., Ashton, W., Chavezet, F., 2015. From cleaner production to
sustainable development: the role of academia. J. Clean. Prod. 96, 30—43.

Khramova, E., Meissner, D., Sagieva, G., 2013. Statistical Patent Analysis Indicators as
a Means of Determining Country Technological Specialisation. Working Paper.
National Research University Higher School of Economics, Moscow.

Kilkis, S., 2014. Transition management: Case study of an energy efficiency tech-
nology roadmap in Turkey. J. Sustain. Dev. Energy Water Environ. Syst. 2 (4),
331-349.

Kilkis, S., 2016. Sustainable R&D and innovation system comparisons of India,
Russia, Mexico and Turkey. Manag. Environ. Qual. http://dx.doi.org/10.1108/
MEQ-05-2015-0075 (in press).

Klewitz, J., Hansen, E., 2014. Sustainability-oriented innovation of SMEs: a sys-
tematic review. J. Clean. Prod. 65, 57—75.

Lundvall, B. (Ed.), 1992. National Systems of Innovation: towards a Theory of
Innovation and Interactive Learning. Pinter, London.

Malerba, F., 2002. Sectoral systems of innovation and production. Res. Policy 31,
247-264.

Marquis, C., Zhang, H., Zhou, L., 2013. China's quest to adopt electric vehicles. Stanf.
Soc. Innov. Rev. 11 (2), 52—57.

Medeiros, J., Ribeiro, J., Cortimiglia, M., 2014. Success factors for environmentally
sustainable product innovation: A systematic literature review. ]. Clean. Prod.
65, 76—86.

Ministry of Education and Science of the Russian Federation. Federal Target Pro-
gram Research and Development on Priority Areas of Science and Technology
Complex of Russia for 2014—2020. <http://www.fcpir.ru/> (accessed 14.04.14.).

Ministry of Science and Technology. Mega-projects of science research. <http://
www.most.gov.cn/eng/programmes1/200610/t20061008_36198.htm>
(accessed 15.10.14).

Ministry of Science, Technology and Innovation, 2011. National Science, Technology
and Innovation Strategy (ENCTI). Brasilia.

Ministry of Science and Technology of the People's Republic of China. National
High-Tech R&D Program (863). <http://www.most.gov.cn/eng/programmes1/
200610/t20061009_36225.htm> (accessed 15.10.14.).

Nagano, M., Stefanovitz, J., Vick, T,, 2014. Innovation management processes, their
internal organizational elements and contextual factors: An investigation in
Brazil. J. Eng. Technol. Manag. 33, 63—92.

National Research Foundation, Centres of Excellence. <http://www.nrf.ac.za/
division/rcce/instruments/centre-of-excellence> (accessed 30.10.15).

Nilsson, M., Hillman, K., Magnusson, T., 2012. How do we govern sustainable in-
novations? Mapping patterns of governance for biofuels and hybrid-electric
vehicle technologies. Environ. Innov. Soc. Transit. 3, 50—66.

NRF, National Innovation Challenges. <http://www.nrf.gov.sg/about-nrf/
programmes/national-innovation-challenges> (accessed 15.06.15.).

NRF, Campus for Research Excellence and Technological Enterprise (CREATE).
<http://www.nrf.gov.sg/about-nrf/programmes/create> (accessed 15.06.15.).
OECD, 2014a. OECD Reviews of Innovation Policy Synthesis Report. OECD Publish-

ing, Paris.

OECD, 2014b. OECD STI Outlook 2014 Country Profiles. Paris.

OECD-JRC, 2008. Handbook on Constructing Composite Indicators. Methodology
and User Guide, Paris.

Research Innovation and Enterprise Secretariat, 2015. Singapore's Future. <http://
www.nrf.gov.sg/docs/default-source/Publications/rie2015.pdf?sfvrsn=0>
(accessed 15.06.15.).

Russian Federation, List of Crucial Technologies, Presidential Decree. <http://www.
sci-innov.ru/law/base/99/> (accessed 18.06.14.).

Russian Venture Company (RVC), Skolkovo Innovation Center. <http://www.rvc-
usa.com/russia.html> (accessed 24.08.14.).

RVC, 2013. Russia: Focus on Innovation — Implementation of the Strategy for
Innovative Development of the Russian Federation for the Period until the Year
2020. Moscow.

Schaltegger, S., 2002. A framework for ecopreneurship — Leading bioneers and
environmental managers to ecopreneurship. Greener Manag. Int. 38, 45—58.

Schaltegger, S., Wagner, M., 2011. Sustainable entrepreneurship and sustain-
ability innovation: Categories and interactions. Bus. Strategy Environ. 20,
222-237.

Schwab, K., 2014. The Global Competitiveness Report 2014—2015: Full Data Edition.
World Economic Forum, Switzerland.

SCOPUS Database Advanced Search. <http://www.scopus.com/home.url> (accessed
30.04.15.).

SDEWES Centre, 9™ Conference on Sustainable Development of Energy, Water, and
Environment Systems. <http://www.mediterranean2014.sdewes.org/>
(accessed 29.10.14.).

Severo, E., Guimaraesa, J., Dorion, E., 2015. Cleaner production, environmental
sustainability and organizational performance: an empirical study in the Bra-
zilian metal-mechanic industry. J. Clean. Prod. 96, 118—125.

Sokolov, A., Chulok, A., 2014. Russian S&T foresight 2030: looking for new drivers of
growth. In: Shaping Innovation Systems: Using the Future for Shaping STI
Policies. JRC.

Stamm, A., Dantas, E., Fischer, D., Ganguly, S., Rennkamp, B., 2009. Sustainability-
Oriented Innovation Systems: towards Decoupling Economic Growth from
Environmental Pressures? German Development Institute, Bonn.

State Council of the People's Republic of China, 2006. The National Medium and
Long-term Program for Science and Technology Development (2006—2020).
Beijing.

Supreme Council for Science and Technology. <https://www.tubitak.gov.tr/tr/
kurumsal/icerik-bilim-ve-teknoloji-yuksek-kurulu> (accessed 24.07.15.).

Suzuki, M., 2015. Identifying roles of international institutions in clean energy
technology innovation and diffusion in the developing countries: matching
barriers with roles of the institutions. J. Clean. Prod. 98, 229—240.


http://www.a-star.edu.sg/
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref2
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref2
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref2
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref3
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref3
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref3
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref3
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref4
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref4
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref4
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref4
http://www.bndes.gov.br/SiteBNDES/bndes/bndes_pt/Institucional/Apoio_Financeiro/Plano_inova_empresa/inovaenergia.html
http://www.bndes.gov.br/SiteBNDES/bndes/bndes_pt/Institucional/Apoio_Financeiro/Plano_inova_empresa/inovaenergia.html
http://www.bndes.gov.br/SiteBNDES/bndes/bndes_pt/Areas_de_Atuacao/Inovacao/paiss/
http://www.bndes.gov.br/SiteBNDES/bndes/bndes_pt/Areas_de_Atuacao/Inovacao/paiss/
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref7
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref7
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref7
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref7
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref8
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref8
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref8
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref9
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref9
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref9
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref10
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref10
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref10
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref11
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref11
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref11
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref11
http://www.cnpq.br/web/guest/programas
http://www.cnpq.br/web/guest/programas
http://www.csir.co.za/flagships/
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref14
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref14
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref14
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref14
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref14
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref15
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref15
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref15
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref16
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref16
http://dst.gov.in/technology-development-board
http://dst.gov.in/technology-development-board
http://dst.gov.in/scientific-programme/t-d-solar-energy.htm
http://dst.gov.in/scientific-programme/t-d-solar-energy.htm
http://dst.gov.in/scientific-programme/t-d-wti.htm
http://dst.gov.in/scientific-programme/t-d-wti.htm
http://www.dst.gov.in/scientific-programme/ser-jns-fellowship.htm
http://www.dst.gov.in/scientific-programme/ser-jns-fellowship.htm
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref21
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref21
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref21
http://unstats.un.org/sdgs/iaeg-sdgs/open-consultation-3/
http://www.finep.gov.br/apoio-e-financiamento-externa/programas-e-linhas/programas-inova/inova-sustentabilidade
http://www.finep.gov.br/apoio-e-financiamento-externa/programas-e-linhas/programas-inova/inova-sustentabilidade
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref24
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref24
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref24
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref24
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref25
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref25
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref25
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref26
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref26
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref26
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref26
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref27
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref27
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref27
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref27
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref28
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref28
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref28
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref28
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref29
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref29
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref29
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref30
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref30
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref30
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref30
http://ecocampus.ntu.edu.sg/pages/aboutecocampus.aspx
http://ecocampus.ntu.edu.sg/pages/aboutecocampus.aspx
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref32
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref32
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref33
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref33
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref33
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref34
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref34
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref34
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref35
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref35
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref35
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref35
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref35
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref35
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref35
http://dx.doi.org/10.1108/MEQ-05-2015-0075
http://dx.doi.org/10.1108/MEQ-05-2015-0075
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref37
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref37
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref37
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref38
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref38
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref39
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref39
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref39
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref40
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref40
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref40
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref41
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref41
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref41
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref41
http://www.fcpir.ru/
http://www.most.gov.cn/eng/programmes1/200610/t20061008_36198.htm
http://www.most.gov.cn/eng/programmes1/200610/t20061008_36198.htm
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref44
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref44
http://www.most.gov.cn/eng/programmes1/200610/t20061009_36225.htm
http://www.most.gov.cn/eng/programmes1/200610/t20061009_36225.htm
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref46
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref46
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref46
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref46
http://www.nrf.ac.za/division/rcce/instruments/centre-of-excellence
http://www.nrf.ac.za/division/rcce/instruments/centre-of-excellence
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref48
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref48
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref48
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref48
http://www.nrf.gov.sg/about-nrf/programmes/national-innovation-challenges
http://www.nrf.gov.sg/about-nrf/programmes/national-innovation-challenges
http://www.nrf.gov.sg/about-nrf/programmes/create
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref51
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref51
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref52
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref53
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref53
http://www.nrf.gov.sg/docs/default-source/Publications/rie2015.pdf?sfvrsn=0
http://www.nrf.gov.sg/docs/default-source/Publications/rie2015.pdf?sfvrsn=0
http://www.nrf.gov.sg/docs/default-source/Publications/rie2015.pdf?sfvrsn=0
http://www.sci-innov.ru/law/base/99/
http://www.sci-innov.ru/law/base/99/
http://www.rvc-usa.com/russia.html
http://www.rvc-usa.com/russia.html
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref57
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref57
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref57
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref57
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref58
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref58
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref58
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref58
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref59
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref59
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref59
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref59
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref60
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref60
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref60
http://www.scopus.com/home.url
http://www.mediterranean2014.sdewes.org/
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref63
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref63
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref63
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref63
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref63
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref64
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref64
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref64
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref64
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref65
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref65
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref65
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref636
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref636
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref636
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref636
https://www.tubitak.gov.tr/tr/kurumsal/icerik-bilim-ve-teknoloji-yuksek-kurulu
https://www.tubitak.gov.tr/tr/kurumsal/icerik-bilim-ve-teknoloji-yuksek-kurulu
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref68
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref68
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref68
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref68

S. Kilkis / Journal of Cleaner Production 130 (2016) 235—247 247

Technology Innovation Agency, Biofuels Technology Demonstration Programme.
<http://www.tia.org.za/proposals> (accessed 30.10.15.).

TIFAC, 2015. Technology Vision 2035. New Delhi.

TUBITAK, 2013. Public Institutions R&D Projects Grant Program Bylaws. Ankara.

TUBITAK, National Science, Technology and Innovation Strategy 2011—2016.
<http://www.tubitak.gov.tr/en/about-us/policies/content-national-sti-strategy-
2011-2016> (accessed 24.07.15.).

TUBITAK, Graduate Scholarships in Priority Areas. <http://www.tubitak.gov.tr/tr/
burslar/> (accessed 24.07.15.).

TUM Create. <http://www.tum-create.edu.sg/> (accessed 15.06.15.).

United Nations, 2015. Transforming Our World: The 2030 Agenda for Sustainable
Development, A/RES/70/1. New York.

Vezzoli, C., Ceschin, F, Diehl, J., Diehl, J., Kohtalaet, C., 2015. New design challenges
to widely implement sustainable product service systems. J. Clean. Prod. 97,
1-12.

Vollenbroek, F., 2002. Sustainable development and the challenge of innovation.
J. Clean. Prod. 10, 215—223.

WIPO, IPC Green Patent Inventory. <http://www.wipo.int/classifications/ipc/en/est/>
(accessed 30.04.15.).

WIPO, PatentScope Database Advanced Search. <http://patentscope.wipo.int/
search/en/advancedSearch.jsf> (accessed 30.04.15).

WIPO, PatentScope Search: The User's Guide. <http://www.wipo.int/export/sites/
www/freepublications/en/patents/434/wipo_pub_l434_08.pdf> (accessed
30.04.15.).

Wong, C., Wang, L., 2015. Trajectories of science and technology and their co-
evolution in BRICS: insights from publication and patent analysis. J. Inf. 9,
90-101.

Working Group on Decoupling, 2011. Decoupling Natural Resource Use and Envi-
ronmental Impacts from Economic Growth. Fischer-Kowalski, M., Swilling, M.
(Lead Authors). UNEP, Geneva.

Xie, B., Shang, L., Yang, S., Yi, B., 2014. Dynamic environmental efficiency evaluation
of electric power industries: evidence from OECD and BRIC countries. Energy
74, 147—157.

Zapata, C., Nieuwenhuis, P., 2010. Exploring innovation in the automotive industry:
new technologies for cleaner cars. J. Clean. Prod. 18, 14—20.

Zhang, H., Li, L, Cao, ]., Zhao, M., Wu, Q., 2011. Comparison of renewable energy
policy evolution among the BRICs. Renew. Sustain. Energy Rev. 15, 4904—4909.

Zhang, Y., Zheng, H., Yang, Z., Liu, G., Su, M., 2015. Analysis of the industrial
metabolic processes for sulfur in the Lubei (Shandong Province, China) eco-
industrial park. J. Clean. Prod. 96, 126—138.


http://www.tia.org.za/proposals
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref720
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref71
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref71
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref71
http://www.tubitak.gov.tr/en/about-us/policies/content-national-sti-strategy-2011-2016
http://www.tubitak.gov.tr/en/about-us/policies/content-national-sti-strategy-2011-2016
http://www.tubitak.gov.tr/tr/burslar/
http://www.tubitak.gov.tr/tr/burslar/
http://www.tum-create.edu.sg/
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref75
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref75
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref76
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref76
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref76
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref76
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref77
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref77
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref77
http://www.wipo.int/classifications/ipc/en/est/
http://patentscope.wipo.int/search/en/advancedSearch.jsf
http://patentscope.wipo.int/search/en/advancedSearch.jsf
http://www.wipo.int/export/sites/www/freepublications/en/patents/434/wipo_pub_l434_08.pdf
http://www.wipo.int/export/sites/www/freepublications/en/patents/434/wipo_pub_l434_08.pdf
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref81
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref81
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref81
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref81
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref82
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref82
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref82
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref83
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref83
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref83
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref83
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref84
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref84
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref84
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref85
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref85
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref85
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref86
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref86
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref86
http://refhub.elsevier.com/S0959-6526(16)30211-6/sref86

	Sustainability-oriented innovation system analyses of Brazil, Russia, India, China, South Africa, Turkey and Singapore
	1. Introduction
	1.1. Overview of the literature
	1.1.1. Sustainable innovation in SMEs
	1.1.2. Sustainable innovation at the sectoral level
	1.1.3. Sustainable innovation at the country level
	1.1.4. Sustainable innovation at an analytical level
	1.1.5. Outlook for sustainable innovation

	1.2. Sustainability-oriented innovation systems
	1.2.1. Opportunities for analytical methods

	1.3. Aims of the research work

	2. Method
	2.1. Keyword clusters and keywords
	2.2. System analysis layer
	2.3. Knowledge production layer
	2.3.1. SoIS performance based on clean technology papers
	2.3.2. Specialization Index

	2.4. Technological innovation layer
	2.4.1. SoIS performance based on clean technology patents
	2.4.2. Revealed Technological Advantage

	2.5. System efficiency layer
	2.6. Sustainable Innovation Index
	2.7. Determination of the country sample

	3. Results and discussion
	3.1. Results of the keyword and functional dynamics matrix
	3.1.1. Priorities of the SoIS of Brazil
	3.1.2. Priorities of the SoIS of Russia
	3.1.3. Priorities of the SoIS of India
	3.1.4. Priorities of the SoIS in China
	3.1.5. Priorities of the SoIS in South Africa
	3.1.6. Priorities of the SoIS in Turkey
	3.1.7. Priorities of the SoIS in Singapore

	3.2. Results of the Specialization Index
	3.3. Results of the Revealed Technological Advantage
	3.4. Comparison of paper and patent performance
	3.4.1. Comparison of the SoIS performance of Brazil
	3.4.2. Comparison of the SoIS performance of Russia
	3.4.3. Comparison of the SoIS performance of India
	3.4.4. Comparison of the SoIS performance of China
	3.4.5. Comparison of the SoIS performance of South Africa
	3.4.6. Comparison of the SoIS performance of BRICS
	3.4.7. Comparison of the SoIS performance of Turkey
	3.4.8. Comparison of the SoIS performance of Singapore

	3.5. Results of the Sustainable Innovation Index

	4. Conclusions
	Acknowledgment
	References


