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Executive Summary

The Federal Government of Ethiopia has over the past few years embarked on an ambitious
economic moderrgation and industrialisation strategy, as encapsulated in its first and second
Growth and Transformation Plans. At the same time, the FDRE has committed the country to a low
carbon development trajectory by adopting a Climate Resilient Green Economyg8ir@eestions
remain, however, as to how compatible these two policy visions are in practice and implementation.
Such questions provided the motivation for the research project funded by CDKN, which seeks to
enhance theunderstanding of the interaction beteen the emerging industrial policies and green
economy strategies in Ethiopia

The international development literature makes it clear that innovatiathat is, the adoption and

diffusion of new knowledge and technologies within an econanig/a critcal driver and enabler of

economic transformation and industrialisation. Furthermore, the literature on green growth and
adzadlrAylrofS RS@GSt2LIVSyid Ffaz LIl OSa 2NABYNBRQSYI
WINBSYQ Ayy20I (A2 yaachieding Imprgv8nentsYrSréskurcy prédictivity and
reductions in wastes and emissions, including greenhouse gases.

Aim and methodology

In light of these findings from the research literature, this report aimed to assess to the strengths and
weakneses of the emerging national system of innovation in Ethiopia, and to conduct an analysis of
sectoral innovation systems in key industrial sectors, with a view to establishing the extent to which
they are geared toward supporting green innovation and hegien industrialisationThe report

drew on extensive secondary data to assess the framework conditions and functioning of the NSI. It
also analysed primary innovation data collected from a survey of 117 firms in the cement, leather
and textiles sectorsThirdly, the report drew on interviews with key actors in the national and
sectoral innovation systems. The major findings are summarised below, following which
recommendations are made for policies to strengthen green innovation systems in Ethiopia.

Main findings

The Federal Government has undertaken concerted efforts to bolster the national system of
innovation in recent years, especially following the adoption of the national STI Policy in 2012. Key in
this regard has been the rapid expansion of thai@tion system, especially at the tertiary level,
which has seen strong growth in enrolments. This has been accompanied by a rapid increase in state
expenditure on research and development, and a substantial rise in the number of R&D personnel.
Meanwhile,the macroeconomic environment, as well as the rapid expansion of transport and energy
infrastructure, have been broadly supportive of business activity and innovatiaithough rising

public debt is a possible cause for concern if the rate of economigtigrehould falter in the coming

years.

Despite these positive developments, the NSI is still emerging and will require further commitment

YR NB&2dz2NDS& (2 06S02YS FdzZfte FtSRISRD 9UKAZ2LAL C
and patents,are growing, but off an extremely low base. The bulk of governmponsored

research occurs in the agricultural sciences, with engineering, technology and the natural sciences
garnering small shares of funding. ICT infrastructure is still severelyRirite § KA OK A Y KA 0 A
ability to tap into global knowledge banks and to effectively network with innovation actors. Business
enterprises are spending very little on R&D, and report that access to finance for innovation and for
access to new markets isighly constrained, while costs are high. Many firms cite a lack of
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appropriately skilled labour as a hindrance to innovation. Furthermore, there are weaknesses in the
interactions among innovation system actors. For examplere appeas to be insufficiem
engagemenbetween the main ministries, particulariipe¢ MoST with the Mol and MEFCC, regarding
green innovation. Moreover, the links between universities and research institutes on the one hand,
and private enterprises on the other, are generally quitsak.

The survey of innovation activities among enterprises in the cement, leather and textiles industries
provided useful information about the extent of innovation (and specifically green innovation), the
main drivers and inhibitors of innovation, anide linkages that firms have with other innovation
system actorsThe rate of product and process innovation was found to be low amongst cement and
textile enterprises (less than 20% in each case). A large percentage of leather sector firms reported
produd innovation (65%), but only a moderate proportion (28%) engaged in process innovation. The
extent of green innovation, defined as innovations that aimed to reduce energy, water and material
inputs or solid, liquid and gaseous wastes, was substantiallgrid@nly 12% of firms reported green
product innovations, and 15% engaged in green process innovation. However, according to the
responses nearly half (46%) of all process innovations were undertaken to reduce inputs or wastes.

Results from probit regregm models shed some light on the characteristics of firms that make them
more or less likely to innovate. The following firms were more likely to engage in product innovation:
those with smaller turnover; firms in the leather sector (relative to cemert #xtile sector firms);
enterprises not located in an industrial park; firms that produce for export; stateed firms; and
enterprises that invest in internal R&D. In the case of green product innovation, the only significant
explanatory variable waswestment in internal R&D. The probability of (general) process innovation
falls with increasing age of the firm, rises with turnover, is lower for leather sector firms, and is
higher for exporting firms and those that invest in internal R&D. The samdgsegeite obtained for

green process innovation, although in this case location in an industrial park was also significant, and
reduced the probability of innovation.

For both leather and textiles producers, the most important drivers of innovation aredsing

market share and improving the value of goods and seryisbde for cement firms it is reducing

unit costs h ¥ O2y OSNYy Aa (KIFIG GNBRdAzZOAY3I SYy@BANRYYSyll
NEJdzt F 12 NE NBIjdzANBYSydaé¢ NinogiatBrRof innoeayod @rfirmsaiK S € S|
all three sectorsThis is a clear indication that improved environmental poliaied/or enforcement

is needed to stimulate green innovationshe most important inhibitors of innovation identified by

firms were highcosts of new technologies and high costs of access to new markets. Lack of adequate
finance for innovation was also an issue for many firiiiee cost of meeting government regulatory
requirementsdid not feature asan important obstacle to innovationyhich might indicate a lack of
regulations or enforcement thereofThe major policy implication appears to be that firms need
financial support to meet the high costs of new teclogiks and to access new markets in order to

drive innovation.

When it comedo sources of information for innovation, firms generally relied more heavily on their
own resources (within the enterprise or group), as well as on suppliers of equipment, materials,
services or software, rather than on external sources such as uniesrsigsearch institutes and
government agencies. Thisiplies that much more needs to be done to strengthiae linkages
between public and academic innovation actoand firms to foster knowledge and technology
transfers This is further reinforced by tHending in the survey that the number of meetings between
firms and most innovation system partnegsespecially universitieg was very low. On the positive
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side, the sectoral Industry Development Institutes appear to be playing a leading role imtfagilit
interactions and knowledge transfer.

Policy recommendations

Strengthening the national and sectoral systems of innovation requires measures to enhance the
framework conditions and improve the functioning of the systems. Effective governance &nkiey,

this requires strong leadership, a high degree of vertical and horizontal policy coordination, and
monitoring and evaluation of policies. The fiscal and monetary authorities should maintain the stable
macroeconomic policy environment, while the Mimsbf Industry should ensure that trade policies

are aligned with promoting innovation by encouraging competition and technology transfers. The
federal government should continue to invest in the basic education system to build human capital,
but it shouldarguably aim to consolidate the higher education system before expanding it fusther

as to ensure adequate quality. There is also a need to expand environmental education and training
programmes in order to ensure sufficient skilled personnel who camsdeimplement, monitor and
enforce environmental policies. A rapid rollout of information and communication technology is
required to support knowledge acquisition and diffusion. Measures such as incentives for
commercialisation of research are needed strengthen the linkages between universities and
research institutes on the one hand, and firms on the other. In addition, government could provide
additional resources to the industry development institutes to enable them to host collaborative
events sub as conferences and workshops to facilitate the transfer of knowledge and technologies
to firms.

t NEY2GAY3 INBSY Ayy20FiA2y +d Iy SyYyidSNIINRAAS f S@S
refers to financial support and incentives for greienovation, including targeted grantsr green

R&D to young firms and possibly tax breaks for firms that improve their environmental performance.

CKS WwWadAo1Q NBFSNE (2 SyYyKFYyOSR AYLX SYSydaldazy
monitoring and legl enforcement of compliance. While it seems that industrial parksbeing used

effectively to promote better environmental compliance among new entrants, especially factories

set up through foreign direct investments, measures (such as lirétied rental subsidies) could be

introduced to make industrial parks more accessible to domestic firms that face cost barriers to

NEf 20 GA2yd hiKSNBAASET YIyeée SEAalGAY3I SyidSNLINRAS:
to innovate.

Final remarks

While each country has its own unique characteristics, and its own particular opportunities and
challenges for green industrialisation, the analysis of the Ethiopian case is broadly relevant to other
low-income countries that may be considering embarking onsiagnable economic transformation
trajectory. Strong leadership from the top is imperative, as is coordination across spheres of
government. A green industrialisation strategy has much better chances of success if it is twinned
with a science, technologgnd innovation policy that explicitly targets environmentally beneficial
innovations and backs these up with appropriate incentives and regulations.



1 Introduction

Ethiopia is a lowncome country that has aspirations of becoming mididieome country witim the
comingdecade, thereby lifting tens of millions of its people out of poverty.give effect to this goal,
the Ethiopian government adopted five-year Growth and Transformation Plan (GTi®)2010
(Federal Democratic Republic of Ethiopia [FDRE])2@tGhe same time, howevetthe Ethiopian
government recognises the risks posed by climate change and has committed the country to a low
carbon development trajectory within a Climate Resilient Green Economy Strategy (EIRBE)
2011) The second phasef the Growth and Transformation Plan (GIP largely stresss the
facilitation of structural transformation through developing a dynamic domestic industrial sektor.
contrast to its predecessor, th@TRIl explicitly targets the implementation diie climate resilient
green economy strategy imdustry and othersectois through leapfrogging to modern and energy
efficient technologies.A large and expanding body of literature argues theoretically and
demonstrates empirically thatnnovation ¢ the introduction and diffusionof new knowledge,
techniques and products into an economyis key toboth economic growthand industrialisation
(Organisation for Economic Cooperation and Developm@&GP 2012, World Bank 2010and
sustainable developmergndthe green economyOECD 20% UNEP 2011a; UNEP 2011b; UN 2011;
UNCTAD 2012; World Bank 2D12

Against this backgroundhé¢ Climate and Development Knowledge Network (CidMmissioned a

research programmeéo develop a better understanding of the interactidetweenthe emerging

industrial policies and green economy strategies in Ethjopith a view to supporting concrete

policy reforms that areongruentg A § K 9 0 KA 2 LA Qa4 32 IS NIASs padB this Y R A Y
programme, his report investigateghe character and drivers of the emerging national innovation

system in Ethiopi@and assessethe extent to which itis in line with nurturing and sustaining green

industrial development in the country.

The broad rethodology for assessing the suitabdit 2 ¥ 90O KA 2 LAl Qa Ayy2@0F GA2
industrialisationcomprises four stages, following the scheme presente@diya et al.(2015) which

was adapted from Bergedt al. (2008) The first stage is to select the level of analysis, in this case the
national system of innovatioras well as thesectoral levelfor three prominent manufacturing

sectors, namelycement, leather andextiles. These sectors were selected for the overall research

project because of their comparatively large size in terms afufecturing sector gross value added

as well as their large contribution to greenhouse gas emissions and/or other pollutamtsecause

of their priority in the GT® The second stage is tmalyse the structure of thénovation systems

(both national ad sectoral)oy mappingtheir major elementsand the interactionsamong them, as

St f Fa laaSaaiay3d (KS dgTRIBINDesungfighingdoT tNe ivBvatemN] O2 y
system(and its failures)s assessedincludingexisting technicatapabiliies and knowledge gaps
Finally,policy recommendationsire developed that can strengthen innovation systeamsl foster

green innovations by improving knowledge transfers and overcoming obstacles to innovation.

The report is organised as follows. Secti@dnprovides theconceptual background concerning
innovation and innovations systems, and their contributions geeen economic growth and
development. SectioB describes the empirical methodology and data collection methods. Settion
analyses the curremational sytem of innovation in Ethiopia in terms of its structure and functions.
Section5 conducts sectoralevel analyses of innovation systems in the textiles, leather and cement
industriesbased onfirm-level survey dataand interviews with key rolglayers The final section



presentsthe main conclusions and puts forward a numbepoficy recommendations for impravg
green innovation.

2 ConceptuaBackgroundn Innovation Systems

This sectiondevelops the conceptual background upon which the asse6Sy i 2F 90 KA 2|
innovation systems ibasal. The intention of this section is not to review the broad literature on
innovation per se, but rather telucidate the concepts and technical definitions that underpin the
subsequent empirical analysis in 8ens 4 and 5, as well as the policy recommendations that
following in section 6First, we define more preciselywhat is meant by innovatignpartly as a
concrete basis for the firm survey reported on in sectiomMBxt, thenotion of an innovation system

is elucidated. Third, the key drivers and inhibitoof innovation are identified Fourth the
importance of innovation for economic development andgreen industrialisation is briefly
emphasized. Thereaftey some examples are provided from the internatan literature of
environmental innovations in the cement, textile and leather sector&inally, several general
principles for innovation policy are presented.

2.1 What is innovation?

Broadly speakingjnnovation pertains to the introduction into a society of new knowledge,
technologies and practicesor new combinations of existing knowledgeand their diffusion (i.e.
dissemination and use) withism economy(Edquist & Johnson 1997:4®/orld Bank 2010:4)A more
technicaldefinition that is widely usedhternationallyis provided by the Organisation for Economic
[ 22 LISNY GA2Y | yGslo M&hdaSsbn2innbo&ighlisiie implementation of a new or
significantly improved produdigood or servicg a new marketing methodor a new organisational
method in business practices, workplace organisation or external relatiof@ECD/Eurostat
200546). To be defined as such, an innovation must have beeplemented In a developing
country context innovation ioften something that is nobewto the world, but isnew to the society

in questionand can delivesignificant economic, social, or environmental chafigrid Bank 2010)
Innovation does not have to involve advanced technologies; in daselopment oflow-technology
industriesand the exploitation of inidenous knowledge cawield substantialgains ineconomic
growth andwelfare fon Tunzelmann & Acha 2008/orld Bank 2010)nnovation is a social process
Fda A0 RSLISYyRa 2y a20ASieQa gAftfAaydaySaa G2 I OOSL
private and public actors have importartlesto play in driving innovation. For example, while it is
commonly believed thatninovation isgenerally driven by entrepreneursand implemented by
business enterpriseMazzucato (2013) argues forcefully thaivate sector companiesften invest
after innovations have alreadyogressed significanthyithin governmentsponsored programmes of
exploratory basic research.

To give greater specificity to the concept of innovatiawyrfdistinct types of innovatiorhave been

defined: product, process, organisational and marketing innovation (see TablePrajluct

innovations include new productssignificantly improved products, andew uses for existing

productsp ¢ KS Y20GAQFGA2Y T2 NJtdi&edS dnii codtsyof @ddictioh &y & O
delivery, to increase quality or to produce or deliver new or significantly improved proéucts.
6h9/5k9dzNRalGEFG HAnpYndOd® 9ELF YL S& AyOfdzRS alGKS |
the introduction of new softwaréo manage inventories and the introduction of new quafiyntrol

Y S| & dzHEBapean Rank for Reconstruction and Developm&BR[D 2014:13). In contrast to

process innovations, organisational innovations mainly involve people and the arrangement of work

flows (EBRD 2014:15). Marketing innovations may be intended to improve customer satisfaction,

2



create new or expanded markets, or reposition a product in the existing market (EBRD 2014:15).
Another distinction is between technological and rAmichnologicalinnovation. The formeris
normally related toproduct and process innovation, i non-technological innovations anesually
associated with organizational and marketing innovati6ik’P 2013). Nevertheless, the two forms
are often linked.This study fouses on product and process innovation, as these types of innovation
are most relevant for greening industrialisation.

Despite these distinct definitions, some innovations may have characteristics that fall into more than
one category. By way of examptage acquisition of new machinery for the purpose of introducing a
new product incorporates both product and process innovation (EBRD 2014:13). Furthermore, not all
changes constitute innovationsChanges thatdo not qualify as innovations includecapital
replacement orextension(where the machinery is of the same type as befpmjanges resulting

from changes in factor prices, routine upgradesstomizationof products regular seasonal and
other cyclical changes (e.g. a new fashiorthe clothing indstry), new pricing methods involving
discrimination among customer groupmd trading of new or significantly improved products (e.g. in
wholesale and retail distribution, transport and storg@éPP 2013).

Tablel: Definitions d different types of innovation

Type of Innovation Definition

Product innovation A product innovation is the introduction of a good or service thg
new or significantly improved with respect to its characteristicg
intended uses. This includes siggaht improvements in technicg
specifications, components and materials, incorporated softw.
user friendliness or other functional characteristics.

Process innovation A process innovation is the implementation of a new or significg
improved prodwtion or delivery method. This includes significg
changes in technigues, equipment and/or software.

Organisational innovation | An organisational innovation is the implementation of a n
2NBFIyAalrGA2y It YSGK2R Ay GKS
organisation or external relations.

Marketing innovation A marketing innovation is the implementation of a new market
methodinvolving significant changes in product design or packag
product placementproduct promotion or pricing.

Source: OECD/Egtat (2005)

At the firm level, innovations must involve a significant degree of noviedtythe innovation must be

new (or significantly improvedp the firm, but does not need to be new to the domestic market or

global economy (although itcould bé). FANY G(KI G ¢AaKSa (G2 Ayy2014S a
to develop innovations in house, either alone or in conjunction with external partners, or it can adopt
AYyYy20F 0A2ya RSOStf2LISR o6& 20KSNJ FANMGECR/BLUrostay a G A (0 dz
2005:35). The adoption of existing technolmg that were developed elsewhere igspecially

important for developing economies, whesemnterprises are often aonsiderabledistance fromthe

technological frontier (EBRD 2014:12) pioneer ofdiffusion studies,Rogers (1983:5articulates

diffusion ascthe process by which an innovation is communicated through certain channels over

time among the members of a social systéerA.more detaileddefinition sees dfusion asdhe way

in which innovaibns spread, through market or nenarket channels, from their very first
implementation to different consumers, countries, regions, sectors, markets and £firms
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(OECD/Eurostat 2005:17A firm is described as innovative if it has implemented an innovation
during a particular period under review.

Diffusion is vital for innovations to have economic impdtte effectiveness and speed of diffusion
depend on the innovationdecision process of individuals who transmit informationthe
innovativeness; or exXent to which individuals are early adoptegsand the rate of adoption or
acceptance of innovations within a system (Rogers 19B@jthermore, he scale of thesocio
economicimpact often relates to how new and extensive the innovation is: radical oenmental
(Fagerberg 2005)3A radical or disruptive innovation can be defined as an innovation that has a
significant impact on markets and on the economic activity of firms in that market; while incremental
innovation concerns an existing product, seryicgrocess, organization or method whose
performance has been significantly enhanced or upgradedé ¢ L t tncremantabinnalvation is

the more common formand arguably yields the most of the economic benefits (Fagerberg ZDI0&)
various effects of inngations on enterprise performance vari@g®m impactson sales and market
share toimprovements irproductivity and efficiency (OECD/Eurostat 2005:19)

Innovation activities areR S F A y SaR sciertific, dechnological, organisational, financial and
comYSNOALFE adSLlda 6KAOK | Oldzttes 2N FNB AyGaSyRSR
(OECD/Eurostat 2005:47%pecific innovation activities includeoth research andexperimental
development (R&D) and neR&D activities.R&D is defined in the OEQD&rascati Manualas
ccreative and systematic work undertaken in order to increase the stock of knowledgsuding
knowledge of humankind, culture and societyand to devise new applications of available
1y26ft SRISE¢ adih B&DINcludes kgsicesearchintended to acquire new knowledge,
applied research that is directed towards a practical objectwe experimentaldevelopmentwhich
includestesting and modification ohew product or process conceptR&Dis mainly aninput into

the innovatian processandis neither necessary nor sufficient for innovatioonR&D activities can
include: identifyingnew concepts for products, processes, marketing approaches or organisational
modifications acquiringtechnical informationdevelopng human cajtal resources through hiring or
training, and purchasingew equipment, software or intermediate inputhat embody innovations
(OECD/Eurostat 2005).

2.1.1 Green innovation

Innovations that result in improved environmental performarttave variously been refexd to as
environmental innovations, green innovations, ecologitalovations ¢r eccinnovationg, and

sustainable innovationsSgchiederig et ak012). Building on theDslo Manuabefinition of innovation

quoted above, he OECD (2009) defimecoinnovai A 2y |a GaGKS ONBIFGAZ2Y 2N A
or significantly improved, products (goods and services), processes, marketing methods,
organizational structures and institutional arrangements whictvith or without intent ¢ lead to
environmental improveents compared to relevant alternativegitalics added).Environmental
improvements include reductions in resource inputs (such as energy, water and materials) and
reductions in solid, liquid and gaseous waste products, including carbon emis3&sesl ora review

of alternative definitions, Schiederig et al(2012) determine that the concepts of green, ecological

FYR SY@ANRYYSyYyllt Ayy2@FiAz2y NS 3ISySNIrffte dzaSR
AYyy20FGA2yaQ |faz2 Syie.ynéddr agaaitydor socialiigclDsiveness) . 1@ thaS O
remainder of this report, therefore, the terms green/environmental/ecological innovations are used
interchangeably.



2.2 What is ainnovation system?

CKS Fylrfeara 27 WAYy200 SVE y2 B eRis2ralQi 2Ny WyR KR |
by authors such a$-reeman (1987) and Lundvall (199Byeeman(1987) defined an innovation
system (IS) as éthe network of institutions in the public and private sector whose activities and
interactionsinitiative, import, modify and diffus¢ S ¢ i S O K Piénee2irg st&lies amalysed the
structure ofinnovation systers, which arecomprised ofnetworks ofactorsfrom the public sector
(government agencies, regulators and policies), Higher Education tastiidEIs), Public Research
Institutions (PRIs)jndustry (firms), financial organisations, network and support organizatiand
consumers (Edquist 2005)he flows of knowledge, information andechnology amondhe various
elements of an innovation sg@n arekey to the innovative processThus the interactions among
these actors, including firmand other organisations and the ways they share information, are
critical for the transmission and diffusion of innovations in an economy (Edquist 28@b)ye 1
provides a schematic of a typical innovation system with its various components.

Figurel: Structure of an innovation system

Policies, Government & Institutions

Hard (laws, regulations)

Targets, Policies, Programs
Soft (ethics, social norms)

Research Demand
Industry
Research Institutes Suppliers
Private Labs Raw material )
. Firms
suppliers
Installers
Education Subsystem suppliers

Higher Education

i e Consumers (B2B)
Professional Training

Maintenance/service

Financial organizations

Banks, Venture Capital, Business Angels

Support organizations

Network organizations (e.g. Business Associations, Professional Associations)

Source: Botta et al. (2015)

2.2.1 Levels of analysis of innovation systems

Innovation systems can beefined andanalysed at dur different levels national system of

innovation (NSI), regionabystems of innovation(RSI), sectorasystems of innovationSSI) and

systems oftechnological (TSIAn NSI has been defined éhe elements and relationshipswhich

interact in theproduction, diffusioranduse2 ¥ ySé% | yR SO2y2YAOFff& dzAST
either located withinor rooted insidethe borders ofa nation staté 6 [ dzy’ R @AnfRS| Yestricth hH U P
the geographical scopaf the innovation system to a specific regiaithin a country Cooke, Urang,

& Bxebarria, 1997)A sectoral system of innovation and productiéhr &8 0SSy &&FAKAY SR | 3

1 These are also sometimes referred to as Public Research Organisations (PROSs).
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new and established products for specific uses and the set of agents caortimgarket and nomn
YEN] SG AyidSNIOGA2ya F2N) 6KS ONBI {MaRrgaz200eRER)R dzO (i A 2
Thus sctoraHevel studiesare restricted to innovation occurring within a particular sector (or subset)
of the economyUnlike the nationhand regional innovation systems, thecsoralinnovationsystem
may have local, national, and/or global dimensiondich often coexist in a sector (Malerba and
Orsenigo, 1997 Finally, TSls examinthe networks of actors and institutions relevant aparticular
technology, which may bapplicableacrossa number of sectors or be a specific subset of one sector
(Carlsson & Stankiewicz 199&ergek et al. 2008)These four level®f innovation analysisnay
overlap or intersect, depending on the local t&xt in a specific countryThefocus in thepresent
study ison the national system of innovatian Ethiopia, as well asectoral systems of innovation for
each of the threecase studysectors {extiles, leather and cement).

2.2.2 Framework conditions for irovation

The innovation performance of individual firms is influenced by a range @ilsd f SR W¥NJ YS g
O2YyRAGAZ2YEAQY 6KAOK NBFSNI (2 (GKS AyadAddziazylt |
(Kuhlman & Arnold, 2001Wieczoré & Hekkert 201p These conditions includehe following

dimensiong OECD/Eurostat 2005:3World Bank 2010

1 systems obasic educdbn, universities and technical training

9 the science and research base

1 codified knowledge €.g. publications,patents, technical, environmetal and management
standards)

1 communicatiorsinfrastructure(mobile phone connections; landlines; internet connectivity);

innovation policies and other government policies thffect firmlevel innovation

1 macroeconomic stability (e.g. GDP growth, itifla, public debt, budget deficit, current
account balance, exchange rate);

1 microeconomic and macroeconomic policy settings (e.g. patent law, taxation, openness to
trade and foreign direct investment, corporate governance rules, competition policy,
envirormental laws);

9 financial institutiongdeterminingease ofaccess to finange

1 market accessibilitfe.g. opportunitiesfor the establishment ofinkageswith customers,
market size and ease of accgsnd

1 industry structure and the competitive environment

=

2.2.3 Functions of annovationsystem

The erformance of any innovation system should be measured natdostructure butin terms of
how it functiors in a way thatfacilitates different types of interactions among th&arious
components (actors, networkand institutions) in the system towards the geaif innovation
systemswhich are to develop, apply, diffuse and use new innovations.

The activities that contribute to the g@abf innovation systems are called functions of innovations
systems. Severaiudies list key functions thahe system should performhased on empirical case
studies. Galli and Teubal (1997) emphasize the importance of makidgtinction between
organizations and functions of NSIs. They distinguish between hard and soft fisnctiard
functions irclude R&D activities andhe supply of scientific and technological services to third
parties, while soft functions include diffusion of information, knowledge and technology, policy
making, design and implementation of institutionsncerning patents, laws, standards, etand
diffusion of scientific culture and professional coordination. Liu and White (20@1)their
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comparative analysis of Chinese innovation systems, focus on five activities of the ,9yateety
research (basigevelopment, engineering), implementation (manufacturirgggd-use (customers of
the product or process output), linkage(bringing together complementary knowledge) and
education.

Jacobsson and Johnson (2000) outline eight prirhargtions for an NISsafollows:
- Guide the direction of the search process
- Supply resources, i.e., capital competence
- Supply incentives for companies to engage in innovative work
- Recognize the potential for growth
- Facilitate the exchange of information and knowledge and rate kowledge
- Stimulateandcreate markets
- Reduce social uncertainty
- Counteract the resistance to change

In the context of technologgpecific innovation systems, Hekkert et al. (2007) and Bergek et al.
(2008) compiled the common features into seven disiiretfunctions of a system as follows: (1)
knowledge development and diffusion, (2) entrepreneurial experimentation (3) influence of the
direction of search, (4) market formation, (5) legitmation, (6) resource mobilization and (7)
development of positive dgrnalities. According to themfor a certain technologyo evolve and
perform well these seven functional requirements one way or anothar must be fulfilled.The
application of this approach to sectoral systgmather thanspecific technologiesdemorstrated
similar features (Jacobsson and Bergek, 20Gebreeyesus and lizuka, 2012 should also be noted
that the functioning of innovation systems depends heavily on the preséoceabsencég and
capacities of the structural elementand framework coditions discussed abovéVieczorek &
Hekkert 2012 The main functionsgdentified by Bergek et al. (2008ye briefly described below,
bearing in mind that these were developed for the analysis of TSls rather than NSls. Nevertheless, a
assessment of how @l some ofthese functions are performedithin the NStan lay the foundation

for policy recommendations.

Knowledgedevelopmentand diffusion

The objective of thigore function is to introduce new scientific and technical knowledge into the
economy. Tts is achieved through basic research and technology development, as well as scouting
for knowledge and technologies that are available in other countries and adapting them for local use.
Knowledge sharing occurs through formal channels (such as pubtisapatents and workshops)

and informally (via discussion forums and meetings). pitiecipal actors involved in tis function

include HEls, PRIs, firms and users, while governments in developing countries often assist in external
knowledge scoutingThe &vel of this function can be measured by metrics such as numbers of
publications, research staff and patents (Bergek et al. 2008:415).

Guidance of the search/Influence on the direction of search

This function relates to the strength pfessures andhcentives that induce firms and organisations

to join the innovation systemas well aghe factors that affect the direction of search within the
innovation system (e.g. with respect to alternative technologies, applications and business models).
The relevan factorsinclude expectations of growth potential, changing factor and product prices,
regulations and policy pressuremjd the articulation of demand from leading customers

Entrepreneurial experimentation
This function recognises the uncertainty thelharacterises the dynamievolution of innovation
systems, in terms of technologies, applications and markets. Entrepreneurial experimentation
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namely firms trying out different technologies and procesgas a way to reduce uncertainty and
promote socal learning. Empirically, this function is more tractable for TSls rather than NSils.

Market formation

Markets may be underdeveloped or even rexistent, especially in a developing country context.

The purpose of this function is to both catalyse demdmdnew technologies and products, and

facilitate their uptake in the marketplace. Kayarket failures andarriers must be identified and

addressed, including international technical standards in the case of export markets. Relevant actors
includegovern8y i YAYAAUGNASaZ FANXA&S bDha YR dzASNAQ 2N

Mobilising resources

The performance of an innovation system depends on the extent to which various types of resources
are mobilised, including human capital (skills), financial capital and complamyeassets such as
complementary products, services and network infrastructure (Bergek et al. 2008). This function aims
to supply the human capital that is required to underpin innovation, and entails education and
training in both technical and busineskills, as well as attracting qualified people from other
countries. Actors involved include HEIs and private companies that offéhegob training.
Governments have a role in setting the conditions for skilled immigration and assessing the match of
domestic skills to the requirements of the labour market. In terms of financial resourcegydal of

this function is to provide financial services to support innovation throughout its life cYbis.
requires finance for RD&D, for business stgs, and dér firms to purchase machinery and
equipment. The actors involved include various types of financial organisations as descaithed e
(BAs, VCs, PEFs, banks), as wétleegovernment, which provides funds for basic research and R&D.
Financial servicerpviders must have the skills needed to assess new technologies and business
models.

Creation of legitimacy

New industries and technologies need to be accepted by the society and conform with existing
institutions (in the sense of social norms and regjales). Legitimation also feeds back positively to

GKS Y20AtAaliAz2y 2F NBaz2dz2NOSa | yRI o6& &Kl LAy3 Yl
(Bergek et al. 2008). The process of legitimation may face obstacles such as resistance from
incumbentinterestsand friction with institutional frameworks.

Development of positive externalities

The entry of new firms into an innovation system may generate positive externalities that benefit
existing members. This occurs through reducing uncertainties, remhg legitimacy, building
markets, and expanding thiease of actorg; which in turn promotes knowledge development and
diffusion and entrepreneurial experimentatiofihis function is thus not independent of the other six
functions, but rather augments tme and relates to the dynamics of the system

2.3 Key driverand inhibitorsof innovation

The major motivatiors for innovationat the enterprise leveare to improve firm performanceand

boost competitivenessSpecific bjectives for innovation can vary bydhype of innovation. For
AyaiaglryoOSs aiGKS 202S00A0Sa 2F LINRPRdzOG 2NJ YIFENJ SGA
improving product quality, increasing market share, entering new markets), while process or
organisational innovations will tendtrelate to supply (e.g. reducing costs, improving production

Ol LJ 0 A (OECDKERrastag 2005:106Firms may also innovate in order to comply with
environmental regulations, to reduce environmental impacts such as use of scarce resources and

8



pollution, and to improve health and safety standards. These are particularly relevant to the green
industrialisation agenddlable 2 contains a summary of motivationsiforovation these are used as

the basis for questioning firms about the drivers of innovatianthe firm survey reported on in
section 5

Table2: Motivating factors for innovation among firms

Competition, demand and markets

=

replace obsolete products

increase the range of goods or services on offer
maintain or expand magk share

enter new markets

Production and costs increase production capacity

improve the efficiency and speed of production
improve the quality of goods and services
meet industry technical standards

reduce unit labour costs

reduce material and energy inpcosts

Environmental performance comply with environmental regulations
reduce environmental impacts

improve health and safety standards

=4 =A|=4 =4 -8 - -4 -8 -8 -8 9

=

SourceAdapted fromOECD/Eurostat (20088, Table 7 Yland OECD (2012

The firmlevel drivers of innovation inctle both internal factors (such as characteristics of firms, and
decisions they take) and external facteéhsit influencethe business environme{EBRD 2014:45n

terms of internal factors, laracteristics of firmssuch as age, size and ownership swuet are
important potential determinants of innovatiorAlthough young, small firms are often viewed as
being major innovators, many staups fail and there are many small firms (e.g. in service sectors)
that do not innovate much (EBRD 2014:45). Thugelaand older firms may engage more in
innovation, which has been confirmed by survey data covering transition economies and the Middle
East North Africa (MENA) region. This relationship might be partly explained by economies of scale,
which allow large fims to spread the high fixed costs of innovation. Nevertheless,-atstaremore

likely than larger, established firms to introduce produchovations that are newo the global
markeiplace (EBRD 2014:47).

The ownership structure of firms may alsoeaff innovation(EBRD 2014:48foreign ownership and

the participation of domestic firms in globalvalue chains are expected tstimulate innovation.
However, multinational companies that acquire local businesses might conduct all the R&D in the
home county, thus reducing the local level of R&D spending. In the transition region, survey
evidence indicates that the former effect dominaf@BRD 2014)

Various strategic decisiortaken by firmsalso influences their propensity to innovate. First, firms

that opt to produce for export markets and hence face international competitioay need to

innovate to stay competitiveEvidence supporting this hypothesis was found in surveys of transition
countries and the Middle East North Africa region: the rate ofdpat, process, marketing and
organisational innovation was higher amongst firms that export their products directly than amongst
non-exporters (EBRD 2014).ii GKS alYS GAYSZ GKS I NaB&Ddtor NJ S
spread the fixed costsof in@l G A2y 2@SNJ I 1 NHSNJ Odzad2YSN) 6 asSsz



GKAES GFANNAQ LI NGAOALN GA2y Ay 3Jt20Ft St dS OKI
(EBRD 2014:49)

Second, firms that engage R&Dare more likely tesucceed inrinovating For example, in its survey

of firms in transition economies, the EBRD (2014) found that firms that invested in R&D were more
than 20% more likely to engage pnoduct or process innovation. Thirdnee skills are required to
implement and opere new production processes, it is expected that firms that employ more
LISNRE2YY St 6A0GK GSNIAFNE SRdAzOFdGA2Yy @gAft 0SS Ay |
resource decisions and profile will also be constrained to some extent by thelalgilaf skills in

the labour market.

External factorsthat affect the extent of innovation undertaken by firms include the business
environmenZ G KS RSAIANBS 2F YINJSGE O2YLISGAlGAz2y>S OdzaG2Y
to trade. For example, goor business environmenti @ substantially increase the cost of
introducing new products and make returns to investment in new products and technologies more

dzy OSNI I A y ¢ 4Tigde wiennespatenti¥lly aeniributes to innovatiorin several ways(1)

foreign competition reduces the market power of local produc€gy;open markets allow greater

inflows offoreign knowedgeand technologiesand(3) opennessnables firms to achieveconomies

of scale and specialisatiam sectorswith a comparatie advantagédOECD 2012:184).

A number of issues mdwphibit (either prevent or retard)innovation amongst firmsincluding cost,
market, knowledge and institutional factors. The main factors inhibiting innovation are summarised

in Table3.

Table3: Factors inhibiting innovation among firms

Cost factors 1 excessive perceived risks

lack of funds within the enterprise

1 lack of access to finance, including commercial bank loans
specialised financing froBAs and VCs

1 high costs of innovation, for example the search and acquisitio
relevant information

E]

Market factors uncertain demand for innovative products
high barriers to entry for new firms

competitors in the informal sector

=a =4 =4 =

Knowledge factors lack of suitably skilled personnel (e.g. engineering and techn

skills), either inside the enterprise or in the labour market

1 lack of information about new technologies and potent
innovations

9 lack of information on markets

1 difficulty finding cooperation paners

Institutional factors i lack of reliable infrastructure, such as electricity g
telecommunications

1 weak property rights, including intellectual property rights (IH
implying that enterprises are not able to protect their innovatig
from imitation by competitors

1 high costs of doing business arising from the legal/regulal
environment (e.g. excessive red tape, corruption, difficulty
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\ obtaining licences and permits, onerous regulations and tax ruleﬁ

SourceAdapted fromOECD/Eurostat (200BL3, Table 7.2 and OECD (2012

2.4 Innovation as a driver of economic growth and industrialisation

A large body ofacademic literature spanning nearlycantury since the seminal work of Joseph
Shumpeter (1934 has established a strong theoretical foundation th@gntifies innovation as

central to the socieeconomic development of countrie¥érspagen 2005 According to the World

byl oHAaMAYcOI AYYy2@0FGA2Y A& GaiKS YIFAYy a2dz2NOS 27
the foundation of competitven@ 8= | YR A G0 AYLINRP@Sa ¢St Tl NBveré Lyy2¢
effects and is essential for enabling a transition to a knowldstliged economy (Botta et al. 2015:1).

¢tKS RAFTdzAA2Y 2F ySg (y2¢6ftSRIS Oly o@etaandl y SO:
more efficient production processes (OECD/Eurostat 2005:33). Empirical research has confirmed that

an accumulation of innovation capacity has been a major catalyst of economic growth, job creation

and socioeconomic transformation in successfulaleping countries (OECD 20KzaemerMbula &

Wamaen n mn 0 @ C 2 MéreSEdvidehde $ha R&Diplayed a key role in the @ikef Asian

economies such as China, India and Kéreaé h 9 / 5. Furthexmoré,evidence from a survey of

26,000 manufacthA y 3 Sy G SNILINAR&Sa | ONRadaa t™wm RS@GSE2LISR | yR
propositions that innovation is a powerful driver of employment growth, [and] that innovation
RNAGSY 3INRGUOK Aa AyOf dza AMu&etialy20l)i & ONBF A2y 27T dzy

2.5 The role of innovation in greening industrialisation

It is now commonly acceptethat future economic development must proceed in a very different
mannerto historical patterndf it is to be sociallyquitableand environmentally sustainablés the

WoONE R .yl é6uHnmnYcoO Llzia Adz aFRFELIWGFGAZY G2 Of
resources, and protection of biodiversity require fundamentally new patterns of production and
O2yadzyLJi A 2 y acghzdliitrheetsIavélopld W3 NS S yQwitch thay dedatined

I a otfayrésults in improved human wetleing and social equity, while significantly reducing
environmentalrisks and ecological scarcittes 0 | b 9atl6).H 1 M M

Innovation iswidely regarded asessential forthe realisation of gren economies and green
industrialisation.For example, thdJnited NationsDepartment of Economic and Social Affairs has

called forad DNB I i DNBSyYy ¢S OKYy 2thapiddvi@h by techNdlogicalfirdavadioni A 2 y €
and diffusion, with governments plang a central roldo overcome market failures (UN 201This

NBLRZ2NI dGLINRPLR2ASE YIFIAyadNBlFrYAy3a adaidlAylrofS RSt
innovation systems and situating those objectives at their very core so as to create what it calls
Green National Innovation Systems {GL { 0 ¢ 6! bSimilaymWNEE Arguéds théat the

national level, any strategy to green economies should consider the impact of environmental policies

within the broader context of policies to address innovation andye2oY A O LISNF 2 N¥' I y OS¢
2011222).'! b9t Q& 3INBSYy SO2y2Yeé LINRPIAINIYYS KIFIAa KAIKEAIF
Developed Countries, and this in turn requires the transfer and diffusion of green innovations and
technologies from more developed coui@s (UNER011h. The OECDrautions that innovation is

critical for green growth, sincé@without innovation, it will be very difficult and very costly to address

major environmental issués 0 h 9 / a&b1). Moren specifically,nnovation is required to adess

market failures that impede green growth, such asowledge externalities and capital market
imperfections (World Bank, 2012)This needs to happen within a context of policies that shape

markets and create enabling conditions for innovation and eauingrowth.
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UNCTAD (2012) suggests that to solve the dilemma that developing countries face of needing to
pursue industrialisation to improve wddeing whilst limiting environmental damage, a strategy of

Wadza bl Ayl ofS &iNUzO( debuirdd. SSBIR § 8 & 2 Silctutildrahgfalmatiog { ¢ 0 A 2
accompanied by the relative decoupling of resource use and environmental impact from the
economic growth process | b/ ¢! 5 . DacouplimgM Hunrequires sustainabilitpriented

innovations tha bring about improved resource productivijtygs well as ecinnovations that lead to
environmental improvements (UNEP 2011c)y & dzYX daAyy 2@+ GA2y F2NJ ANBSyY
to tackle three challenges simultaneously: encouraging widespread develdpind poverty

reduction; creating new and more vibrant economies based on clean technologies; and securing an
AYONBI aAy3dfte INBSYSNI g2NIRE ol FEdYry SG Ffd HAaMH

2.6 Examples of innovation in the cement, leather and textiles sectors

This section providesxamples of product and process innovations in the three case setprs,
drawn from the international literature, in order to establish benchmarks of good practice for these
industries in Ethiopia.

2.6.1 Cement

Cement manufacturing is a higlolume process rad is amongst the most energand material
intensive industrial processes (Supino et al. 2016). The most common form of cement, known
scientifically asW O I {-2OMfdAYOl (i &rd co@erctlylas Portland cement, is produced by
heating limestone togethe with small amounts of other materials (such as clay) a kilnto
temperaturesaround1450°C This produces small pellets called clinker, which, togethtir a small
guantity of gypsum s pulverised into a finpowder. Carbon dioxide is released frotnet chemical
process (roughly half of the emissions) as well as the combustion of fuels (usually coking coal) to heat
the kiln (about 40% of emissions); the remaining 10% of emissions derive from electricity that is used
for grinding (if generated from foBguels or biomass), as well as transport of the raw materials and
product (von Weiszacker et al. 2009:157).

Carbon emissions from cement production vary across different regions of the world. The average for
Africa was 0.22 tons of carbon per ton ofreent (tC/t) in 2001, the same as the world average, but

below that of India (0.25 tC/t) and above that of Western Europe (0.19 tC/t) (von Weiszacker et al.

2009). These data indicate that there is scope to adopt international best practices to reduce
cement-NBf I G SR SyYyraaarzyaod ! 002 NRA Yy 3 bdihzthe @rierfy addS A &1 | O
processrelated CQ emissions from current methods of Portland cement manufacture can be
reduced by at least 30 per cent globdiy

To achieve greater emissions tefions than this,alternative forms of cement need to be
considered, such asulfo-aluminate cement, magnesiuphosphate cement and alumirsilicate
(geopolymer) cementthese represent examples pfoduct innovationin the cement industry.

1 Sulfealuminge cementlowersthe greenhouse gas emissions of concretenbgrly 30 per cent,
compared to Portland cements a result of lower process temperatures and reduced calcium
oxide content (von Weiszacker et al. 2009:1%W®)wever, this procesequiresblastfurnace slag
as a feedstockwhich may not be available in specific locations.

1 Magnesiumphosphate cemenis claimed to reduce GH&nissions by about 70 per cerglative
to Portland cement, due to lower kiln temperatures and greater absorption of I§Che
concretewhen it sets, but the evidence is not conclusive as yet (von Weiszacker et al. 2009:158).
A few companieshave devised magnesiumoxide based cementsthat have various
environmerial benefits(HasanbeigiPrice and Lin 2012).
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1 Aluminosilicate (geopolymer) cementformed bythe reaction of an alumingilicate powder
with an alkaline silicate solutigrean reportedly produc&HGemissions80%Ilower than those of
Portland cement(von Weiszacker et al. 2009:158). This is because [iroduced atlower
temperatures anddoes not result in glect process emissions of £€€ince itdoes notrequire
lime (calcium carbonade Geopolymer cementcan be produced using several industriat by
products such adly ash, mine tailings and bauxite residuaad isat least as strong as and more
durable than Portland cemenfn Australian company, Zeobond, began producing a geopolymer
cement at room temperature in 2008.

However, there are various options for introducipgpcess innovationdo improve environmental
performance, including improving energy efficiency, reducing carbon intensity, boosting materials
efficiency, fuel switching, and carbon capturasanbeigiPrice and Lin (2012) provide a review of 18
emerging energyefficiency and C&£emissionreductiontechnologies for cement production.

9 The amount of energy used in the production of Portland cement varies by country, depending
on the technologies used. Specifically, some new kiln designs are considerably more energy
efficient than older designs. Jagad OSYSy G Ay RdzaGNEBR A& (GKS Yz2aid ¢
of dry kilnsthat include pre-heaters and precalciners(von Weiszacker et al. 2008 0ocalled
WgSiQ yRI QPaSNRAOSaaSa FNBE Y2NBE SySNHéE AyidSyarg
addition, energy efficiency can be improved in the grinding process.
1 Some companies have pioneered innovative processes to reduce the carbon intensity of cement
LINE RdzOG A2y d | O2 Ydkis eapturddll GOfmSRy from btilitys plants, and
comhines it with an alkalinity solution and calcium in the form of carbide residue to convert the
CQ to calcium carbonate and water. Calera then uses that calcium carbonate to replace
limestone in cement, thus making a lower carbon variety of cegentd D NK6R Another
02 YLJ y & SdidiatTécBnRlogi#suses a process it calls reactive hydrothermal liquid phase
densification, which uses the €@s a binding ageét | y Rlessli#n&stonghence reducing
carbonemissiongGrady 2016).
1 Fuel switching inMges the substitution of fossil fuels (coal or gas) with other fuels in cement
kilns, typically waste materials such as used tyres, paint sludge, waste plastics, textiles and paper,
sewage sludge, rice huldemolition timbers, used oil, carbon anode duatuminium spent cell
liners and solvenbased fuelgvon Weiszacker et al. 200Supino et al. 20)6However, there
needs to be strict monitoring adir pollutants. There is also scope for recovery of waste heat
from the exhaust gases emanating from e productionby using cegeneration or combined
heat and power technologyy OO2 NRAY 3 (2 {dzZLlAy2 SiG Ffd oSHnmc
industry has already replaced a large portion of its traditional fuel sources with waste or biomass,
withtheserepres¢ G Ay 3 | 62dzi wpz: 2F G20Ff GKSNXIf SySNH:
9 Clinker production, which results in most of the £@@issions during cement production, can be
reduced through the use oflinker substitutesreferred to as Supplementary Cementitious
Materials (SCMs) (Supino et al. 2016). These include materials supgbuasl granulated blast
furnace slag, fly and bottom ash, steel slag, and natural pozz(Néeger 2009,von Weiszacker
et al. 2009169). The rate at which fly ash is used in cement productianies widely across
countries, from 3.5% in India to 93.7% in Hong Kong (Meyer 2009). Fly ash can replace up to 60%
of Portland cement (Meyer 2009). The use of SCMs is an important part of implementing a
Yot 2aSR 080t S S0O2y 2 Y eé@reptoksiatiknanadeinemioNmgoductiory y 2 @1
consumption, and waste flows (Supino et al. 20Hdsanbeiget al. (2012) report thahigh
energy millingcan be usedto enhance thecompressive strengttof SCMsby mechanically
increasingthe reactivity of someof the materials such asfly ash and slagCarbide slagor
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calcium carbide residygecan be partially substituted for limestone, resulting in lower GO
emissions and reducing the amount of slag sent to landfiésénbeiget al. 2012).

1 Materials effieency of cement plants can be improved in various ways. Water usage can be
NERdzOSR o0& NBEMNETEANYRA yAS YBySI0 QY ydzF | Ol dediih y I LI
Weiszacker et al. 2009Sué&ez et al. (2016) investigated the lifecycle impact of usingyoded
gypsum (RG) in the production of Portland cement in Spain. They found that the substitution of
RG for natural gypsum brought a range of environmental benefitsluding 65% lower energy
use and carbon emissiogsvhen the waste gypsum was transped less than 30 kilometres to a
recycling plant. Production efficiencies can also be enhanced by increasing the size of plants to
reap economies of scale and improvedality (von Weiszacker et al. 20p%urther benefits can
6S ddFAYySR inkand oediéniziagR eiitingYplartsAby installing sti¢he-art
Fdzi2YlFGA2y S LINRPOSaa O2y(iNRf (SOKy2ft23&z FyR | dz

1 Another possible approach to reducing £€missions is to implement carbon capture and
storage (CS8) technology. At least one company in the United States is exploring possibilities for
the capture and conversion of flue gas to biofuels, although this process innovation is still in
undergoing commercialisation trials (Grady 2016). More generally, theptoon of CCS
technologies is limited by technical challenges and high capital costs (Supino et al. 2016).
Hasanbeigb G I f ® 6 H 1 MH Y camandaptur techabBgies forthé cetnentii@ustry
might not be commercially available until 262@

Important lessons can be learned from country studies (in addition to the examples cited above). In a

study of the Chinese cement industry, Xu et al. (2014) found that using best available technologies
would enable a 50% reduction in €@nissions by 205@. LISOA FAOF f f 83X &G GKS NBf I (
four technology measures (clinker substitution, carbon capture and storage (CCS), efficiency
improvement and alternative fuel use) to emissions reduction are about 37%, 33%, 15%, and 15%,

NB a LIS Ol A @S p0R4592) ArdrysiBgithe Isdstainability performance of German and Italian
OSYSYyil AYRdAzZAGNASAIZ {dzLJAy 2 S {i-prdcdssing df mlremative mawn 0 KA
materials and fuels, in particular, has played a pivotal role, producing a triple amissions

reductions, decreases in the extraction of natural resources and fossil fuels, and enhancement of
graidsS YFylFr3aSyYSyid 2LISNIiGA2yadéd ¢KSANI O2y Of dzaAazy )
future is decoupling its outputs from envimmental impacts, creating a circular economy vision that

Aa FotS G2 NBAYOGSYyid GKS GNFXRAGAZ2YIE OSYSy(d a&adzZJLix

2.6.2 Leather

The leather industry is composed of ttenning subsector, which covertshides into leatherand the
leather products sulsector, in whicHeatheris turnedinto leather productsprincipallyby shoe and
upholstery manufacturersLeather production involves variogtgages from preparing hides or skins
through pretanning (trimming, soaking, liming, unhairingeliming, fleshing, deliming, bating,
scudding and pickling), tanning (chrome tanning, basification and piling)taoosng operations
(sammying, splitting, shaving, rechroming, neutralisation, retanning, fatiquoring, dyeing, setting,
drying), and firshing operations (conditioning, staking, toggling, trimming, buffing, spraying/roller
coating, pating/polishing and measuringYlanikaivelan et al. 2005). Although the leathedustry

can be portrayed as turning the waste from the meat industry intoseful product, it has a
reputation for being highly pollutingecause of the chemicals used in the various stages of leather
production (Thanikaivelan et al. 2005). Specifically, substantial quantitiesatémare used in the
leather production process,na this poses significant environmental challenges because of the

2 This section draws on material from a background report written by Alexia Coke for this project, entitled
GDNBSYAY3 LYRdzZAGNALF f A& {ACRYLIANYYT SWSEGSHIEOAMY T / 2dzy G NRA S&AY
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chemicalscontained in wastewaterThanikaivelan et al. 2005].he pretanning and tanning stages of
leather productionaccount forbetween 80% and 90% of the pollutangsnitted, including alts,

heavy metals such as chromium and toxic gases such as ammonia (Thanikaivelan al. 2005). However,
the posttanning and finishing activities also involve emissiamsudingcarcinogenic arylmines and
volatile organic compoundsyhile sludge generaté in a number of the stages of producti®ialso
potentially hazardous

While possibilities exist for product innovations in the leather sector, especially in terms of the
quality of hides produced and the range of finished leather products createdmtjer scope for
environmental improvements lies witlprocess innovations Such innovations can improve
efficiencies and reduce the levels of pollution created in the leather production process. In the first
instance, pocessefficiendes can be enhancecdhtough changing the layout of a leathenaking
factory (Hoque& Clarke 2018 A wide range ofleaner production methodologiesan be introduced

at various stages of the production procedssreduce thelevels of pollution generated by leather

processinggeeHoque& Clarke 201351).

9 To avoidthe use of toxiansecticidessuch as DDT, benzene hexachlorae arsenicwhich are
used for preserving hidesaw hides can be brought directly from the slaughbeuse

1 Chemicals (sulphides), salts and orgariste(sodium hydrochloride) used for soaking hides can
be substituted with less polluting materials, such as enzymes (Ma et al. 2014).

f Lime-sulphide liquorghat are used in th& JN2 OS a & 2 dan bedegyklédA NA y 3 Q

1 Solar/freeze/microwave drying or us of substitutes to salt alternativessan be applied instead
of wet salt curing exist, while seven@echanicalprocesses can be used to desalt hides before
tanning Thanikaivelaret al. 2005)

1 Fleshing(the removal of flesh from hidesjan beperformed before dehairing and limingo
improve efficiencies.

9 Carbon dioxide can be used instead of ammonium sulfate #indag. Hu and Deng (2016)
suggest thasupercritical carbon dioxidean serveas a potential alternativeolventfor cleaner
productionof leatherproducts.

91 In the preparation of leather for tanningnercury fungicidesan be substituted withess toxic
thiobenzothiazol to control fungal growth.

1 There is scope foreducing or recycling the chromgsed in the tanning stageAlternatives to
chrome in the tanning stage have been trialled too, with organic and apparently
environmentallybenign vegetabldased tanning substitutes seen as holding promise

1 Considerable quantities athromium containing spliteand chrome shavingsan beavoidedby
splitting the hidesbefore tanning them.

1 Optimising the use of poganning chemicals and choosing those that are most treatable appears
to be the best option to reduce pollution in the leather finishing st@geque& Clarke 2013
The use of water-based liquors in place of solventbased liquors can reduce hydrocarbon
emissions. Olle et al. (2014) describe solvenifree patent leather process that uses
combinations of carbonyfunctional resins resulting in a 97% reduction in volatile organic
compounds.

1 Thanikaivelaret al. (2005) suggest a more radiegproach to changintpather processingsuch
asLINP OS a a Ay 3 toladNBsSnsa foKtheRs@aliing stage, astifting from chemical
processingo bioprocessing, utilising enzymes.

9 Bacarditet d. (2014) describ@ new tanning processvhichthey callWet Bright) that produces
white leather foruse in theautomotive sector, and which idree of chromium, aldehydes,
aldehyde precursors and organic solvents.
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Finally,effluent treatment plantsare requiredto reduceresidualend-of-pipe environmentalmpacts
(Thanikaivalaret al. 2005: 46).Primary treatment options includeanaerobic digestion based on

lagoons, contact filter, upflow anaerobic sludge blanket (UASB) reactor, andraleégh
biomethandion, sometimes with aerators, and wet air oxidation for primary treatme®¢condary

treatment processes includehemoautotrophic activated carbon oxidatiofertiary treatment can

involve activated carbon filters, reed bed and root zone techniques, awense osmosimethods.

Salt is often recovered from the soaking process using solar evaporation pans, but otheatligh
transpiration systems have also been developgadid wasteresultingfrom various of the processes

can be reused or recycle@.f.raw hide trimmings used in manufacturing glue, recovered salt in

curing and pickling; recovered hair for laest carpets; and limeludge in building constructionn
FRRAGAZ2YS Y2f2YFT yN] Si -aitSh) KemodiwiR  Aidkigiigh2s 23 & @
chromiumi NS 6 SR aONI L&A 2F fSFGKSNI FyR dzASR fSI GKSNJ
LAIAYSYGiQ GKFEG OFy 6S dza SR A yBiolb#ical tredBrRaizinang y 2 F
effluent is seen as more environmentaflyendly than the use of chemicals, but is less effective

(Lofrano et al. 2013). Joint treatment of wastes with another polluting industry, for example tanning

and mining industries, have also been shown in some cases to reduce the load of heavy metals in
comparison with separate wast@management systems (Giannettial. 2004)

HaThanh andDuc¢ NHz2 y 3 Q& O6HnanmMoY pnov &addzReé 2F LRtftdziazy
industry of Vietnam found that whilst large and medium sized enterprises tended nplgowith

regulation (submission of environmental impact assessment reports, wastewater treatment system
installation, and wastewater fee payments), small firms did not, due to a lack of technical and
financial capacitiedn Mexico, it was found that thprinciple driver of clean technology adoption in a

cluster of small and medium enterprises in the tannery sector was human capital, rather than firm

size or regulatory pressures (Blackman & Kildegaard 2003).

2.6.3 Textiles

The textile industry ismamong themog polluting industriesin the world with more than8,000

chemicals used in the manufacturing of different typedatdric (Eryuruk 2012: 23).arge quantities

of insecticidesare typically used in the cultivation of cotton, which can cause environmeatahde

and harm the health of cotton plantation workersryuruk 2012 Cotton processing also involves the

use of chemicals that can be pollutinguch asaqueous sodium hydroxid@ised for dewaxingnd
mercerizingthe cotton), bleachesand colourants (Loa2011)h § KSNJ F2NXa 2F FAONB:
0SdaId g22f3 aAAf I KSYREQ o0dWOBR2f dXIACOKY NG PP YA AYa O 2
LISGNRPOKSYAOIf & Sdad LRTeSaiSNE | ONBfAO hadl yet 2y
glass or metals) (Stengg 2001), may also produce specific pollutants whilst they are being grown,
extracted, treated and/or transformed [see Chen and Burns (J0@Biferent fabrics have different

water use, energy use and £€mission profiles; cotin is the most water intensiveysthetic fibres

tend to be moreenergyintensive thannatural fibres while viscoseand nylon produce the most GO

per kg of fibreand polypropylene (then woglthe least Muthu et al. 2012) The manufacturing of

garments $ the least environmentally damaging of thariousstages of the textile and clothing

industry (Seuring 2004), although electricisyused for lighting and machinery Waste fabriccan

contribute to landfill, unless recycled or used in other ways (DomimbKoch 1997).

Sustainabilityoriented product innovationsin the textile industry relate to choices regarding the
type of raw material (fibre) that is used, how it was produced, whether it is biodegradable, and

3 This section draws on material from a background report written by Alexia Coke for this project, entitled
GDNBSYAYy3a LYRAZAGNALFITtAALFGAZ2Y Ay 5S@St2LAy3 [/ 2dzy iNASayY
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whether it can be recycled (see Chen &rm&u2006). Cotton is a renewable resource that is
biodegradable and can in principle be recycled, although this is difficult in consumer products that
have been dyedConventional agréndustrial cotton production, however, relies on fossil fuels and
synthetic inputs such as inorganic fertilisers and pestici@aglanic cotton uses negligibfpiantities

of pesticides and artificial fertilisers, thus reducing negagéveironmental and healthmpacts A
drawback of cotton is that its production requires largolumes of water. Wool is a renewable
resource, is fully biodegradable and can be recycled. Rayon is derived from wood pulp from mature
forests (a norrenewable resource on relevant timescales), and is biodegradable but not recyclable.
Synthetic fabricsuch as nylon and polyester are not biodegradable but can be made from recycled
plastics instead of nenenewable petroleum resources. Based ofifacycleassessmenbf several
fibres, Muthu et al. (2012: 73)concludedthat organic cotton fpllowed by flax) is the most
environmentally sustainable of the fibres they studied (and acrylic the least), despite the amount of
water required for growing cotton

A number of process innovationscan improve resource efficiency and reduce the negative
environmentalimpacts oftextile processingRaising resource efficiency centreswsays of reducing
consumptionof dyes, water and energyLoan (2011) explored an industrial ecology approach in
relation to two textile factories in Vietnam to identify ways of reducinge,dwater and energy
consumption to generate $1,000 per day worth of savings: this included reusing the waste water
from rinsing processes, installing improved asfepipe technology and creating an external waste
exchange network within the industrial zero facilitate the utilisation of wastes from one factory by
another. Rao (2004) cites a Malaysian dyeing company that was able to reduce water consumption
by a factor of eight through replacing the dyeing machines with more water efficient technology,
thus reducing both chemical and energy use in the process.

Venkatesh (2009: 412) identifies a number of potentiaérgyefficiencystrategies for Indian textile

firms: installing energefficient airconditioning, boilers and steam distribution systerimroducing

skylights that let in natural light but not heat, and use of LED lights at sewing machine needles, with
WKAIK o0le fA3IKGaQ 2yteée dzaSR 6KSy (GKSNB Aa Of 2dz
controlling humidity and carbon dioxideVels within the building; and improved management of air
compressors and pneumatic systems, with monthly flue gas analiises.study ofa Malaysian

dyeingfirm, Rao(2004) foundthat energy use could be reduced tplacing the boilewith a more

efficient designand installinga heat recovery systerhat allows pre-heating of incoming reseoir

water.

AngelisDimakis Alexandratouand Balzarini(2016) identify several technologies to improve water

use efficiency in a textile manufacturem8&rt pumpirg systemsegulate water flow to meet system
ySSRazX NBadzZ GAya Ay FSoSNI £SI1a FyR faz2 NBRdAzOS|
dispensing technology involves automatic and saotomatic weighting, dissolving and measuring
systemsthatenall (G KS LINBOA &S RSt AGSNE 2F ReSAy3d OKSYAO!
resulting in less waste of additives and water. The usewliquor-ratio (LLR) jet dyeing machines

G3dzl NI yiSSa 2LIAYdzy Re&@SAy3I NS agpfsdviag ardyfedddiSoNiie & K 2 N.
Oz2yadzyYLlirzy 2F 61 GSNI YR | dzEAEf Al NBE NB&a2dNDS&aQ

A second approach is to substitute conventional inputs with less polluting inputs. Natural dyes,
derived from plantgIndigo), animals (Cochineal) and minerals (Ochre), can rechlkgign caused

by synthetic dye¢AngelisDimakisS | f ® wnanmcoO® /I NBIftK2 FyR {lyGz2a
obtained through engineered bacteria may contribute to a more ecological process to produce
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YIEGdzNF £ ReéSaé¢ o { LISOhaukalOdyd defived frénKySapenetvBiatnyisioral K I G |
biodegradable and saféhan conventional dyes, could be applied to textiles.

Third, various techniques have been developed for reducingofipipe pollutants. Processes to

remove colour from textile watdd A y O fcatnRiSatioh of @n activated sludge process, and a
coagulation and ozone procgss 0 [ 2 I Y H n eatalysk developadLisStieALIand a caustic

recovery systenthat distils caustic and sulphuric acidr reused / KSy g . d2NyadHnnc O ®
oxidation processes (AOPs) involve the generation and use of reactive but relativedglactive

free radicals (i.e. hydroxyl radicals), which in sufficient amounts oxidise most of the chemicals
LINBaSyid Ay S HRagelsBmakisktdali 36 ). $MsidEbrané bioreactors (MBRs)

separate solids from liquids and can reduce the amount of heavy metals in effldergslisDimakis

et al. 2016: 8).

Hoque and Clark (2013ist severalprocessrelated techniquesthat can bedeployedto reduce
pollution in the manufacturingof cotton textiles including: replacement aftarchbased sizingvith
synthetic sizing, and recovery of sizing agents; useinéral acidsnstead of enzymes ingingle de
sizing operationuse of less polluting detergents inetfscouring processubstitution of tydrogen
peroxide or ammonium salfor chlorine for bleaching purposestecovery of austic soda from
mercerizing and the use of ¢t instead of coldnercerization the use of¥ Libaich dyeA Yidlsead
of conventional gieing and mechanical finishing processes to reduce the use of hahméwy metal
containing compounds Pollution generated from the production of other fabrics can also be
reduced, for example through the use afnontoxic substitute for heavy metal calysts used in
making polyester from crude diSeuring 2004)Postproducer waste material can be recycled into
new fibres orused to generatenergyfor manufacturing processes (Domina and Koch 1997).

Examples of developing countries where some of fleeegoing eceinnovations have been
implemented in specific textile factories include Thailand and Vietnam. In the case of Thailand,
environmental improvements were made after thgovernment introduced more stringent
regulations on textile dyeing, jmting and finishing industries in 1991 (Rao 2004). Since the late
1990s, the Thai textiles and garment industry has faced several challenges, such as competition from
other Asian producers as well as stricter environmental standards enforced by the European Uni
Brimble & Doner (2007: 102B029) report that:

Public and private officials have responded to these needs with a long list of initiatives,
many within an increasingly active Thailand Textile Institute. The THTI has now
established some 66 initiatives areas such as supply chain management, garment and
fabric design, dyeing and printing technology, and information technol&gyne of
these efforts have explicit linkages with universities other institutions, such as a
benchmarkingoroject initiatedby the TGMAThai Garment Manufacturers Association]

in part through help from a Hong Kong polytechnic.

2.7 General principle$or innovation policy

Several generic principles for the formulation of innovation policy emerge from the literature, and in
particular from the work of a number of multilateral organisations such as the World Bank and OECD,
which have been very active in promoting innovation in both developed and developing countries.
Following a brief summary of important principles, a more detaitedtment of market failures that
underlie the rationale for innovation policies is provided.
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1 The approach to innovation policy should be both gradual and systeniibe World Bank
OHnmMnYou NBO2YYSYR&A& Iy | LILINE I OK of#inely tankdsRall,OF £ 3 N.
ALISOATAO NBF2N¥a FyR adz00SaafdzZ 2dzid2ySa (KL
Because there are many possible market and systemic failures, innovation policies need to take
account of the systemic nature of inndi@n systems, and be designed so as to improve the
performance of the whole system while ensuring that weak links are addressed (OECD 2011e:26).

9 Innovation policy needs to be informed by a lortgrm vision. The OECD (20tpsuggests that
innovation policyshould be designed to address letggm challenges such as climate change.
Innovation policyalso needs to anticipate the changing nature of sources of growth, and its
implications for industrialization

1 The greening agenda should be mainstreamed in thaional system of innovation.The UN
(2011), for example, recommends the creation of a green national innovation systdigjGhat
coordinates the reorientation of sectepecific innovation systems towards green technologies.
Process innovation is esgially important in the green economy agenda, since efforts to reduce
input use (e.g. water and energy) and reduce the amount of pollutants generated (including GHG
emissions) often relate to manufacturing processes.

1 Heterogeneity across countries and cmxt specificity matters.If innovation policy is to be
successful, it must take into account local conditions, such as demographic patterns, economic
structure, social and economic inequities, and informal economic actikitgemerMbula &
WamaeH n ™M /Thet isc need to pay attention to context, history, path dependency, cultural
considerations and existing political regimes of individual countries in the process of designing
AYyYy20FGA2Yy &l NbilaS8aviamaes2016: 38 Mlotey Baxds, the diracteristics
and status of the innovation system in each country will determine the priority given to various
O2YLRYySy(as saditsli K @ I LIV ISOK A& y2G FSFaaofS o
means that the optimal mix of policy instrumis will vary across countries, according to factors
such as the institutional landscape and capacities, the type and extent of market failures, the
costs of monitoring environmental impacts, and so on (Botta et al. 2015).

9 Innovation policies should be apredictable as possibleThe more stable and predictable the
policy environment, the more certainty is created for investors, who need to know that they will
generate an adequate return on investments in new products and production processes (Botta et
al. 2015).

1 Both supply side and demand side policies are requir&lpply side policies involve those
designed to bolster the enabling conditions for innovation (see section 6.2). While many of these
GFNBE GKS alFYS gKSGUKSNI 2yS2§¥az2Q02gFRWPERAZ YO K2,
(OECD 2011e:46), thenvironmental policy frameworks also critical for green innovation.
Demand side policies address the uptake of (green) innovations by the market.

1 Innovation policy formulation and implementation shdd incorporate a learning process.
Proper nonitoring and evaluation oihnovation policiesan provide feedback on how effective
they are, and where remaining gaps lie. It can also gendeatming from experience anallow
policies to beadjusted over time, which can in turn maximise the cost effectiveness of
governmentintervention (OECD 2015b).

1 The need for building functioning (green) innovations systems needs to be emphasized

2.7.1 Addressng market failures

The need for policies to support green innoweatistems essentially from two main types of market
failure: those that inhibit innovation in general, and environmental market failures that hinder green
innovation specifically. The principal type of market failure relevant for general innovation i that
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has public good characteristics, i.e. firms cannot fully appropriate the returns on their investment in
innovation; this results in insufficient private sector investment in innovation. Another market failure
is uncertainty and incomplete information,hich makes investment in R&D inherently risky (OECD
2011e:25). Barriers to entry, for example arising from the dominance of incumbent &rgs
monopolies) infrastructures and technology regimes, constitute a third market failure.

Environmental markefailures essentially involve externalities, which arise when pollution costs are
borne by the environment (and by implication society) and not directly by the private firm producing
the pollution. In such cases, there is little or no incentive for firmsnizest in green innovation
(OECD 2011e:9). This means that policies are required that internalise externalities to the firms,
thereby creating markets for green products and production procesBas. effectively means the
government needs to strengthdts capacity to monitor and enforce environmental law and policy.

Market failures, as described above, can be addressed in two main ways: through the creation of
economic incentives, and through the enforcement of regulations. Incentives for innovaticialkz

the form of tax breaks or grants. Adjusting the price mechanism to reflect environmental costs is
often regarded as an effective way of creating incentives for green innovations, since it tends to
minimise costs of achieving the policy goal. Pridedsy’ I f & | f a2 RSY2yadaNI 4GS
commitment to achieving greener growth (OECD 2011e:10). A prominent example of a price
mechanism to tackle greenhouse gases is a carbon tax, which has been introduced in several
countries, including Sweden, Icelarnigland and Australia (OECD 20IMere is some debate over

how desirable a carbon tax is in a lwecome country context. The UN (2011:132) cautions that
GKAIKSNI SySNHe LINAOSa RdzS (2 OFNb2y GFES& Oty
deveR LIYSY (i Ay LiHawedelraydeyal (2015 aavelrecently demonstrated that carbon
taxation is a particularly progressive tax option, and can replace more distortionary and regressive
sources of public revenue. Given the critical need of devetppiates for tax revenues, as well as the

desire to chart a lowcarbon course, a carbon tax could be a tool that promotes both environmental

and developmental outcomes.

Setting an appropriate regulatory environment is the other main tool for addressargenfailures.

Product market regulationswhich determine the extent of market competition, are important to
reduce anticompetitive and monopolistic practices (World Bank 2010:13). The creation of intellectual
property rights (IPRs) is another way to pap the diffusion of innovations (OECD/Eurostat
2005:114; OECD 2011e:13). IPRs include patents, trademarks, copyrights, registration of design,
confidentiality agreements and trade secre@trong property rights ensure that firms have the
incentive to irvest in R&D, as they will be able to capture the returns on their investments.

Environmental regulations can be an effective way of reducing environmental impacts and
stimulating green innovation. However, regulations should match the environmental tvaigas

strictly as possible and must be backed up by adequate monitoring and enforcement. This can be
Ozadteéesz FyYyR RSLISYyRa 2y | RSI dz Gi&n tkedeydonstrainty/dd Ay a G .
conventional regulation, a promising strategy for contrgl SME pollution is to promote the

adoption of clean technologies that prevent pollution and either reduce production costs or do not

raise them significantly. The hope is that firms will adopt clean technologies voluntarily or at least
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3 Methodology andbata

As mentioned in lte introduction, this report adats the methodology proposed by Botta et al.
(2015) following Bergek et al. (2008}p analysethe functioning of an innovation systefrom the
perspective of green gmath. This involves four steps: (1) selecting the level of analysis (in this case
both national and sectordkvely; (2) mapping the key elements of the IS and their interactions; (3)
assessing the functioning of the IS; and (4) developing policy reconatiensl for improving the IS.

In order to operationalise these steps, the repatilised threeresearch methodskirst, it analyed
secondary data on relevant variablesuch as macroeconomic indicators, communication
infrastructure, patents, educationa@nrolment, expenditure on R&D, etayawn from international
databases including the 2 NI R Wadrly” PeQaiopment Indictor8Norld Bank 2014 and the
UNESCdnstitute for Statisticsdatabase (UNESCQ016) in order to assess current technical
capacities and framework conditions that enable or hamper innovation.

The second research methoentailed a survey of innovation activities amongst a sample of
enterprises in theextiles, leatherand cement sectors. These sectors were selected for the overall
research study, which includes a benchmarking exercise with regard to the environmental
performance of these firmsecause they have been identified as significant growth industries within
Ethiopia in the GTRn addition, he cement indstry is responsibléor half ofi KS Ay Rdza (i NB &
CQ emissions(UNDP Ethiopia, 2011), whille textiles and leathersectorsare responsible for
significant levels opollution. The survey questions were based bn9 / 5 k 9 dzNP & (Dblai Q& O H
Manual: Guidelines for Collimy and Interpreting Innovation Dataalthough some sections were

omitted (such as questions relating to organisational and marketing innovation) and extra questions

were added about green innovatioifhe survey was carried out in March and April of 2Gir&]

involved enumerators conducting site visits to enterprises and gathering answers to the survey
guestions from one or more representatives of each company. The same questions pertaining to
innovation were used for each of the three sectors.

(s}

The samphg selection was stratified in the first instance according to sector (cement, leather and
textiles) and geographyVithin this scopel41 firms were identifed as candidates for the survdn

the cement sector, a census of firms was conducted. Withénl¢lather sector, a census of tanneries
was conductedand a random sampl&as selecteaf downstream leather producericludingshoe
manufacturersand firms makingpther finished leather productdn the textiles sector, all integrated
textile facilities were included in the survey, as well as a sample of garment manufactOrfetise

141 firms surveyed 11 refused to particiga in the survey and a further 13 provided incomplete
responses, resulting in a response rate of 82%. The final sample of hk7cbmprised 15 firms in

the cement sector, 40 in the leather sector and 62 in the textile sector.

The third research method consistedinferviews with key roleplayersin the national and sectoral
innovation systems to gather qualitative informatioabout the adoption and diffusion of
innovations. The purpose was tadentify the relevantinnovation actors establish theexisting
linkages and communication channels amdhgse innovation actors and identify thestrengths,
weaknesses, opportunitieand threatswithin the national and sectoral systems of innovation.
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4 TheNationalSystenof Innovationin Ethiopia

This section describes and assesses the natiepsiem ofinnovation in Ethiopia.Section 4.1

provides an analysis of the framework condisomfor innovation, based on data drawn from
international sources such as the World Bank, International Monetary Fund (IMEJratedl Nations

Education, Scientific and Cultural OrganisatidNESCJO Section 4.2 maps the magtementsof the

NSI Section #0 laaSaasSa (GKS 20SNrff LISNF2NXYIFyOS 27F 9
innovation survey as well as international comparative metrics. Sedtibavaluatesthe functioning

of the NShccording tahe dimensionsoutlinedin section 2.2.3

4.1 Framewrk conditions for innovation

As discussed in section 2.2.igtinnovation performance of a country is affected by a range of so

OFff SR WFNIYSE2N] O2yRAGAZ2YaQ> (indedifgopenmessitkS YI O
foreign direct investment and trag), extent of infrastructure, human capital formatioaxpenditure

on R&D,skills base, andegulations governingproduct and labour markes and environmental

impacts The strength and stability of policies relevant to innovation are discussed in se@ion 4

4.1.1 Macroeconomic environment

The general macroeconomic environment has been very positive in Ethiopia over the past decade.
Most importantly, the rate of economic growth (GDP growth) has been consistently near 10% per
annum since 2004, onlgippingbelow that rate in 2008 (8.8%) and 2012 (8.6%9eFigure2). This

strong growth environment has been conducive for the expansion of business activities, and the
rapid growth of markets implies potentially good returns to innovatibfowever, in terms of
structural transformation the only visible change is that since 2011 the services sector has overtaken
the agriculture sector in terms of its share of GDP, reaching 43.6% in 2014/15 compared to 38.8% for
agriculture. This is not, howey, the desired direction of structural transformation for the country.
Despite high annual growth over the two plan periods, thdustry sectof2 gontribution to GDP
remaired below 15%. Nonetheless 9 G KA 2 LA Qa SO2y2YA O 3Jdkked yk KI &
the decline inthe share of the population livingelow the national pverty line from 44% in 2000 to

30% in 2011 (World Bank 204)5According to theAfrican Economic Outlookethiopia2015 the
ANRGUK aKIF & 0SSy AyOf onmidsge®is and hdnefityidibdtl urdrd ahFr&NB y o S
O2YYdzyAlAS&ased X abyR | fFNBS ydzyoSNI 2F yS¢g 2204
a S O U ZeNdmre WoadifrawKibret & Wakaiga 2015:3).

Results from the World Bank Enterprise Survey (WBESj, 2vhich was based on interviews of
managers in 848 formal sector firms across a range of economic sectors, confirm that the business
environment in Ethiopia was conducive for business expansion in the preceding four years. Annual
employment growth averged 8.9%, compared to 6% in Sshharan Africa (SSA) and 5.4% in low
income countries (LICs) (World Bank 2016b). Real annual sales growth in Ethiopia was 4.4%,
considerably higher tham SSA (0.9%) andCg-0.1%).

On the other hand, inflationnfeasurel by the annual percentage change in the consumer price
indeX has been volatilegaching 446 in 2008 an@3% in2012 although it morerecentlyit declined

to 10.1% in 2014Figure2). These spikes coincided with global spikeil and food pricesThe
current accoundeficit ¢ the gap between imports and exports plus net factor payments from abroad
¢ has decreased since the m200s, and has not presented a major risk to macroeconomic stability
in recent years
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Figure2: Macroeconomic indicator$or Ethiopia
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9 (i KA PubKclddgb@presentsmoderate risks to macroeconomic stability and sustainabilifhe
debt to GDP ratio has fattefrom over 35% in 2006 to 29% in 2014 ($égure3). However, he
government has incurred substantial debt in recent years to finaitseambitious public
infrastructure investment programmeRublic investment rose from about 686 GDP in 2000 to
nearly 20% of GDP in 2011 (Moller 201&%cording to a recent World Bank report, the public
AYFNF a0 NHzOG dzNBE LINP3IN)F YYS KIFIa oSSy 2yS 2F GKS Y
growth over the past decadépller 2016). As long a this infrastructure lays the platforfior future

continued high growth rates, the debt should be sustainable, but risks are nevertheless presented by
uncertaintiesd dZNN2 dzy RAy 3 F2NBA Iy RSYI yRI Abyrdef eefricitg3d  F 2 NJ
exports (IMF 2015; Cuesteernandez 2015).

Figure3: Ethiopia's public debt
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been rather volatile since 2001 followed a notable declining trend between 2004daR008, but

has since recovered teeach3.5% of GDP in 2®1 This level of FDI is still lewthan the average FDI
inflows of 5.5% of GDRr LICs and therefore indicates thathe related inflow of innovations
embodied in technologye(g.fixed capital equipment) is limitednternational tade (defined as the

sum of merchandise exports and imports) as a percentage of GDP is at a reademeldluctuating
between 40 and 50 percent of GDP since the early 2000s, although this is somewhat lower than the
LIC average of 72% in 2014 (World Bank 20964) K A 2radd/GDOR datichas declinedsomewhatin

recent years, mainly owing tihe rapidgrowth in the domestic component of G}€specially non
tradeable servicesyather than a fall irexternal trade volumesvhichhave continued to rise.

Figure4: 9 (i K A 2 hdnks th tra@le and foreign investment
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additional costs to the firm, can interrupt production, interfere with sales, and may result in

damaged supplies or merchandiséccording to the WBES 2015, it took 8 days on average for firms

to clear their export goods through custorfmompared to 10 days in SSA and 9 days in ai@s) 9

days to clear importécompared to 16 days in both SSA and LICs) (World Bank 2016bithiopsgan

firms face considerable inefficiencies in handling trade, but to a similar degree to their peers in

similar countries/ SNIi I Ayf &3 9U0KA2LIALl Q&

4.1.2 Infrastructure

fFyRt201 SR

GRSt &a

adl adza

Another important aspect of # framework conditions for innovation is the extent of ICT
infrastructure.While fixedline telephone subscriptions havemained at very low levels (0.8 per 100
people in 2014), mobile cellular subscriptions have grown spectacularly in recent yearshdte@

per 100 people in 2014Although Internet connectivity has been growing,remains at very low
levels of penetration (2.9 users per 100 people). With the Internet in particular being a vital source of
knowledge and electronic communications to popt innovations and their diffusion, Ethiopian
businesses are clearly very constrained in this area by the ld€Koifrastructure.In the education

4 Calculated from data drawn from the World Bank (2016a
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sector, however, the government has made ICT infrastructure a priority as a platform for delivering
quadlity education across all regions of the country (Kuriakose et al. 2016).

Figure5: ICT infrastructuren Ethiopia
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Access to other critical forms of infrastructure, sucheectricity, roads and water supply, is also
lacking, as confirmed by the WBES 2015. For example, in Ethiopia firms reported that it takes on
average 194 days to obtain an electrical connection, compared to averages of 33 days in SSA and 49
days in LICs (@vld Bank 2016b)On average,ifms lost 4.6% of sales as a result of unreliable
electricity supply and experienced 8.2 power outagesdthough these disruptions were slightly less
costly and frequent than in SSA and LICs. Ethiopian manufacturing setmgreses experienced an
average of 2.7 water insufficiencies in a typical month, compared to 1.8 in SSA and 1.7 in LICs (World
Bank 2016b). Sudatisruptions can have a sign#itt negative impact on business operations.

4.1.3 Enrolment in education

Education,starting at primary levels and continuing through secondary to tertiary levels, lays the
foundation for the acquisition and diffusion of knowledge in a society and economy; thieus
enrolment rateis an important indicator of the basic capacity for inntga. Ethiopia has made great
progress in gross primary enrolment, the ratio having increased from 55% in 2000 to 100% in 2014
(UNESCO Institute for Statistics 201Bhe gross secondary enrolment ratio started from a much
lower base of 14% in 2000, but dy@rown reasondiy quickly, reaching 36% in 2Q12he gross
tertiary enrolment ratio has only begun to grow notably since 2009, but remains at very low levels
and dipped in 2014 to 6.3%JNESCnstitute for Statistics 2016 ompared to averages of 11.1f6
sub-Saharan Africa in 2013 and 8% indiomome countries (World Bank 2016&grtiary education is
SALISOAFTte AYLRNIFIY(d F2NIAYyYy20FGA2ys a2 GKSAS
this time. It will take a number of yeagsand ®onsiderable public investment in educatigrbefore

the improvements in primary enrolments feed through into higher secondary and tertiary enrolment
ratios.
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Figure6:9 (i K A 2 rods enfpBnendratios in education, 2062014
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Note: Tertiary enrolment ratios for 2006 and 2007 were not available in the dataset, and have been
linearly interpolated here. Data for 2013 were unavailable.

Governmentexpenditure on education as a percentageGDProse from just under 4% in 2000 to
5.5% in 2007, but has since declined slightly to 4.5% of GDP 3n(BBIESCO Institute for Statistics
2016. Still, the latter figure compares favourably with the averages of 4.1% amonrigdome
countries(LICs)and 4.2% inub-Saharan AfricdSSA) ir2013s Education is digh priority for the
Ethiopian government, as evidenced by the fact that 27% of total government spending was
allocated to education in 2014¢ompared to averagmf 17.1% amongiICsaand16.6%m SSAin 2013
Governmentexpenditure on tertiary educatiom Ethiopiaamounted t01.92% of GDP in 2018nd
represened 11.5% of total government spendingertiary education spending accounted ##.7%

of all government education expendituia Ethiopa, compared to 18.8%n SSA and 21.5% in LICs

9 i K A peérderitagaillocationof expenditure to tertiary educatiomas the largest in both country
groupings These figures show that while the resources available for education are limited due to the
smallabsoluteda AT S 2F 90 KA 2 LIA I QA&cle®Ippricitisitigkirest@ehtdrs higiier S v i
education. This will lay the platform for more dynamigomation in the years to come.

4.1.4 Expenditure on research and development

Gross domestiexpenditure on resarch and development (GERD) is an imporiadicator of the
resources allocatedor supporting broad innovation in a country. The share of GERD in GDP in
Ethiopia has risen steadily in the past few years, more than tripling from 0.17% in 2007 to 0.61% in
2013 Figure?). This percentage is comparatively high for a-loeome country, and compares
favourably with the proportion recorded in several uppaiddle-income African countries such as
Egypt (0.68%pnd Botswana (0.23%)as well as withfellow LIG Uganda (0.48%) and Tanzania
(0.52%)(figures for 201Q)The absolute amount of GERD reaché&@%million (at purchasing power
parity rates and in 2005 prices) in 2013, up fr$g02million three years earlieand $90 million in
2005. Therecentincrease in GERD reflects the new priority given to STI with the introduction of the
STI Policy framework in 201f2ut is largely due ta41% increase in the headcount of R&D personnel
between 2010 and 201 3he majority ofwhomwere nonresearch personneKuriakoseet al. 2016).

5 Comparative figures for StBaharan African countries and lemcome countries are drawn from the World
Bank (2016World Development Indicatars
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Figure7: GERD as a percentage of GBEthiopia
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The patterns of GERD across types of research, types of institutions performing R&bpeud

areas can influence the capacity of such spending to underpin innovation. Of the total GERD in 2013,
12.2% was allocated to basic research, 45.6% to applied research, and 42.2% to experimental
development. This allocation augurs well for innovatiowhich should benefit from applied and
experimental activities.Over the past ten years, the locus of spending on GERD has shifted
dramatically from government (down from 86% in 2005 to 25% in 2013) to HEIls (up from 14% to
74%)¢ see Figure8. According to the UNESQG®stitute for Statistics (2016jgures, the share of
GERD performed by business enterprises fell from 16% in 2010 to 1.2% in 2013, while that of non
profit organisations was a paltry 0.2% in the latter ye#irwould appear that the government has
decided that HEIs are the best vehicle for R&Bich makes sense considering the importance of the
research function in these institutionhe marked drop in business expenditure on R&D (BERD)
from 144.6 millionEthiopian Birr ETB to 61.5 million ETBetween 2010 and 2013 is a cause for
much concern (Kuriakose et al. 2016).

6 The percentage shares of GERD by sector contained in the UNESCO Institute for Statistics (2@k@) atatab
the same as those reported in the Science and Technology Indicators Report by the Ethiopian Science and
Technology Information Centre (STIC 2014).
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Figure8: GERD by type of institutiom Ethiopia
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The subject areas tohichGERD is allocated can affect its role in facilitating innovation. In particular,
engineering and technology subjects, along with natural sciences, are generally expected to be more
supportive ofproduct and processnnovation than fields like the hunmities and social sciences.

Figure9 shows the allocation of GERD by subject area in 2010. Agricultural sciences accounted for
nearly half of GERRnd medical sciences a further 15%. By contrast, engineering and technology

(5%) ad natural sciences (7%) received small shares of GERD; social sciences and humanities
023SGKSNI | O02dzy i SR F2NI mE:2® LG OFy UGKSWHSt2NE 0S5
very supportive of innovatin in the manufacturing sectaat that time. More recent data are not

available to assess to what extent these allocations may have shifted.

Figure9: Shares of GERD bybject area2010
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As can be seen ifigure10z G KS JI2OBSNYYSYy (i RANBOGT e(79vN®hEA RS &
5% is sourced from business enterprises, HEIls,-pmofit organisations and external sources

combined 16% had an unspecified source in 20ER)¢re10).7 As the country develops further, it

may be expected that negovernmental sources of funding for R&D might be more forthcoming, but
O2yaARSNAY3I 9UKA2LIALFQa SINIe adr3asS 2F RS@St2LIVS
most of thefunds.

FigurelO: Source of financing for GERD, 2013
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4.1.5 Research and developmepérsonnel

The extent of innovation in an economy depends partly on the availability of skilledrpeisarho

are engaged in R&D activitiesigure11 shows that the total number ofull-time equivalent (FTE)

R&D personnel more than doubled from 5,112 in 2005 to 11,501 in 2013. In 2013, researchers
comprised 37% of all personndkchnicians 27%, and other supporting staff 36Bhe largest
increase between 2010 and 2013 was in technicians, with a much more modest growth in the
number ofFTEesearchers.

7 The Science and Technology Indicators Report produced by STIC (2014) has slightly differerfiorfigovece
of financing for GERD: government (79.1%); organisations (18.8%) (the type of organization is not defined);
businesses (0.1%), foreign sources (2.1%), and other national sources (0.4%).

29



Figurell: R&D personnel by type2005 to 2013
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The number of FTE researchers in the Natural Sciences and Engineering and Technology grew rapidly
between 2007 and 2013, from 318 to 8@ddurel?2). This augts well for innovation, pyvided there
is sufficient interaction between researchers and enterprises.

Figurel2: Researchers iscience and engineerin20052013
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In 2013, threequarters of R&D personnel were in the government sector, 23% in HEIs, 2% in private
non-profit organisations and jug0.5% in business enterpriseBSigure13). This pattern is typical of

less developed countries, where the govermhias to step in to invest in R&D as the private sector

is relatively underdevelope@nd lacks the capital and risk appetite to fund R&D activities.
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Figurel3: R&D personnel by type of institution2013
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Figure14 shows the proportion of total fullime equivalent (FTE) researchers by field for several
different years. Agricultural sciences dominate, with 46% of all researchers in 2013, although there
appeas to have been a shift towards other disciplines in recent years. Engineering and technology
accounted for just 7%f FTE researcherand natural sciences for 13%, in 2013. However, the data
(provided by UNESCO 2016) are quite volatile from year toayehshould therefore be interpreted

with caution. The high share of researchers involved in agricultural sciences is explained by the
predominance of agriculture in the Ethiopian economy, but innovation in industry and manufacturing
will be better served Y researchers in the fields of science, engineering and technology.

Figurel4: Share of researchers by field
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4.1.6 Laws andegulations

The business sector in Ethiopia is monensivelyregulated than in many ber SubSaharan African

and lowincome countries. For example, 96% of Ethiopian enterprises registered with the authorities
when they first started operations, compared to averages of 83% in SSA and 86% in LICs (World Bank
2016b).Senior management reportedly spent on average 11.9 percent of their time dealing with
regulatory compliance, significantly more than the averages for SSA (7.6%) and LICa$0nESihas
highrincome countries (9.7%However, the average number of taxegtings in a year was slightly
lower in Ethiopia (1.6 compared to 2.2)he average number of days required to obtain an import
license (13dayg and a construction permit (48 days) in Ethiopia is in line watlpeer countries,
although it takes considably less time to acquire an operating license (5 days, compared to 19 days
in SSA)Just over a quarter (27%) of Ethiopian enterprises reported that they experienced at least
one bribe payment request, which is slightly higher than the SSA average (@6kvér than the
average in LICsvhere 32% of firms reported at least one bribe payment reque&ribery and
corruption place administrative and financial burdens on firms.

Environmental lawsg and the effectiveness of law enforcemeit are especiallyrelevant for
innovation in green technologies, whose uptake often depends on effective enforcement of
regulations to reduce pollution or emissiofse Ethiopian Environmental Protection AuthoriBP@)

was establisad under the Ministry of Natural Resows Development and Environmental Protection
(MNRD&EP) in 1994y HnnH GKS 9t ! Qa Aanddpendeat ingitutonwighfth® g1 G SR
responsibility for environmental regulatioand monitoring (Ethiopian Environmental Protection
Authority 2011) andsubsequently the EPA has bgamomoted to ministeriallevel asthe Ministry of
Environment Forest and Climate ChangeThese institutional developments demonstrate the
increasing commitment to environmental policy and protection within the Ethiopian govenih

The Environmental Policy of EthioglaPEWwas promulgated if\pril 1997 with the overarchinggoal

¢to improve and enhance the health and quality of life of all Ethiopians and to promote sustainable
social and economic development through the sdunanagement and use of natural, humarade

and cultural resources and the environment as a whole so as to meet the needs of the present
generation without compromising the ability of future generations to meet their own ngedsd 9t !
19973).0One ofthe ke 6 2 S OG A @S a 2révenithkedollGtionDf land airfadd wétdrin the
most costeffective way so that the cost of effective preventive intervention would not exceed the
benefit€ 069t ! MppTYnod® hyS 27F arkeSfailfedziviR regald tdINR y O A LIt
pricing of natural, humamade and cultural resources, and failures in regulatory measures shall be
corrected through the assessment and establishment of user fees, taxes, tax reductions or
incentiveg 69t ! wMdPPpTYpPpL D

Intheir asses6Sy & 2F 9QUKA2LIALI Qa SYy@ANRYYSydGlrft LRtAOe |-
process, Ruffeis et.gR010) argue thaseveral factors undermine the enforcement and effectiveness

of the EIA lawinstitutionallevel inconsistenciesa lack of complemearities between institutions

and between environmental and investment policies and proclamatiadearth of multidisciplinary

experts non-existent environmental baseline dafaand insufficient monitoring and evaluation

Another assessment of environmért £ L12f A 08 F2dzyR GKI i aSY@ANRYYSY
in academia, and in the NGO community all appear to agree that formal environmental policies in
Ethiopia are wellvritten and praiseworthy, but that othe-ground implementation of policies
ISYFAya AyO2YLX SGS¢ 6/ 2t 08 9Wedhph@RtidnisShatiegulation 2 £ A O&
driven technology forcings weaker than it could be if environmental laws and regulations were
adequately implemented.

In 2015 the government commissionedeview of the 1997 Environmental Policy, in order to assess
the gaps that had arisen as a result of structural, secionomic and environmental changes in the
global and national context. The assessment found gaps relating to technology and innowagons,
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transport sector, wildlife protection and conservation, private sector involvement, and international
partnerships, and also highlighted the need to align the environmental policy with the CRGE strategy
(which was promulgated in 2011). A draft of thew Environmental Policy was completed in
December 2015. The overall policy goal was unchanged, but an additional policy objective was
AyOf dzRSR (G2 NBFESO0 GKS /wD9x ylYSte (2 &SyadNE
level, hereby promoting erdida A 2y NBRdzOGAZ2Y G(GSOKy2f23ASa |yR |
AYLX SYSyGrdAazy 2F GKS LRtAO& Aa G2 0S 3FdzARSR o8
LI 283Q LINAYOALX SY a¢KS LRffdziSNI FyR dzaSNHuU2F Sy@
SY@ANRYYSyYyllt IyR a20Alf O2ada 2F GKSANI I OGADAGA

The original collection of sectoral policies contained in the 1997 Environmental Policy was revised,

with the notable inclusion of a hew subsection focusing on the Industry S&dtisr section spells out

many requirements for industry in general terms, including environmental management plans,
environmental impact assessments, use of clean technologies, environmental audits for both new

and existing industries including registershaizardous and toxic wastes, and proper waste control
procedures. A new addition to the cresectoral environmental policies that is of particular

NEf S@FyOS (2 (GKA&A NBLRNI Aa | asSoldiazy 2y WwWiSOK
promote the transfer and deployment of technologies and innovations that aredason, generate
fAGGES 2N y2 41FaiaSY yR NBRdAzOS LRtftdziaz2yd LG ¢
incentivize and motivate green and clean technology innovations |éctell property right and the
AYLRNIFGAZ2Y YR f20Ff LINPRdzOGAZ2Y 2F 3INBSYy (GSOKYy:
by industry, and to promote the establishment of technology incubation cerfivies=CC 2015)hus

green innovation is explicitipromoted in the draft revised environmental policy.

A separate subsection in the revised policy deals with hazardous chemicals and wastes, which falls
GAGKAY | aSOGA2Y 2y 9OY@DBANRBYYSyYyllt vdz2fAdeod ¢KS
management system of obsolete or banned toxic and hazardous chemicals; to promote
establishment of appropriate hazardous waste management systems and treatment facilities; and to
facilitate the development and enforcement of legal frameworks on the impmatproduction,

OGN} yaLR2NIIFGA2Y yR dzaS 2F G2EAO FyR KIFTFNR2dza O
particular to the leather and textile processing industries. The draft revised policy also promotes the

use of standards, including for manafaring, as a tool to minimize environmental pollution (MEFCC

2015).

4.2 Mapping the ky dements of theNSI

As mentioned in section 2.2,analysingthe structure of anational systemof innovation involves
identifying the actors that are involvedrganisatims, firms etc.)and the relationships among them.
The analysis in this section is based on quantitative data drawn from international datasdoates
domestic surveysas well as qualitative information elicited from interviews with stakeholders. It
begins vith the role of governmenpolicies andagencies, and then considers HEIs, PRIs, financial
organisations, industry associations and support organisatidimg main actors in the NSI are
represented irFigurelS.s

8 The figure does not attempt to capture all of the cdempinteractions among the various actors, but rather
presents a simplified list of major actors that interact with firms in the innovation process.
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Figurel5: Main actors in9 (i K A
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4.2.1 Governmenipolicies andagencies

The transitionalgovernment of Ethiopia adopted a national Science and Technology (S&T) policy in
1993 in order to boost innovation activeég for economic development through the application of
d0ASYyOS YR (SOKy2ft23e8d |1 26SOSNE GKAA LRt AOe
strong and legitimate body that could coordinate the use of limited resources among key
ail 1S KEdraké&ad él. 2016:46). More recentifet Ethiopian government recognized that
coherent science, technology and innovati@&il] policywas a precondition for realizing its Growth
and Transformation Plan for 2042015 (UNESCO 2016)o this end, theFedeal Democratic
Republic of Ethiopia (FDREpmulgateda new National Science, Technology and Innovation (STI)
Policy inFebruary2012.¢ KS y I A2yl f {¢L @GAaizy Aa ad2 aSS 9l
enable rapid learning, adaptation and utition of effective foreign technologies by the year
HNHHKADRRO01IZEC KS YA &aadAzy &aLISOATFASR Ay GKS {¢L LIt A
framework that enables the building of national capabilities in technological learning, adaptation and
utilization through searching, selecting and importing effective foreign technologies in manufacturing

YR aSNIAOS LINEPOARAY3 Sy (rfalgblikysobjectives @r€ asv@lows n M H O @
(FDRE 2012:4)

[ON

1. Establish and implement a coordinated antteprated general governance framework for
building STI capacity;

2. Establish and implement an appropriate national Technology Capability Accumulation and
Transfer (TeCAT) system;

3. Promote research that is geared towards technology learning and adaptation;

Develop, promote and commercialize useful indigenous knowledge and technologies;

5. Define the national science and technology landscape and strengthen linkages among the
different actors in the national innovation system;

6. Ensure implementation of STI activéiein coordination with other economic and social
development programs and plans;

Ea

9 This section draws on th@reening Industrialization in Ethiopia Scoping Repompiled by EDRI (2015).
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7. Create[a] conducive environment to strengthen the role of the private sector in technology
transfer activities sustainably.

Based on an analysis of current STI systemsirgachational best practice,he STlpolicy identified

eleven criticapolicy issues, along with a set of strategies to deal with each {§sudetails se€EDRI

2015. These 11 critical issues ardechnology transfer human resources development
manufacturing and service enterprisesesearch, financing and incentive schemesiversities,

research institutes, TVET institutions and industry linkagesllectual property systemnational

quality infrastructure development science and technology infoltion; environmental
development and protectiorand international cooperatiorin the area of environmental protection,

2yS 2F GKS &adN)rGS3aIasSa Aa (2 aONBFGS 201t OF L
G§SOKy2t23AS4aé O6C5wW9 HAMHYMYy O ®

The STI Ry clearly mandates the government to take the lead in implementing the policy
strategies and thereby strengthening the NSI. To this end, the policy spells out a governance
structure comprising a National Science, Technology and Innovation Council)(NSTMinistry of
Science and Technology (MoST); other related Ministsiesh as the Ministries of Education,
Industry, Agriculture, Health, Finance and Economic Development; and innovation support and
research systemsThe national innovation support dnresearch system comprises universities,
government research institutions, national laboratorid®gchnical and Vocational Education and
Training TVET) institutions, financial support service providers, science and technology parks, the
intellectual progerty office, manufacturing and serviggoviding enterprises and the agencies of the
national quality infrastructure.

The National Science, Technology and Innovation Council (NSTIC) comprises government officials,
scientists and prominent individuals frothe private sectorChaired by théDeputy Prime Minister,

the Council is the highest governing body for the STI policy and sets iteetomgtrategic direction.
According to the STI policy document, tBeuncil is responsible for (a) monitoring and kaaing
technology adoption and utilization, (b) resource allocation for technology capagilying, (c)
recommending national priority areas, and (d) creating and promoting an environment that
integrates and develops synergies between all the actothéninnovation systemThe Ministry of
Science and Technolognd other government bodiegincluding the Ministriesof Finance and
Economidevelopmentindustry, Trade Agriculture,Health EducationLabor and Social Affajrand
Communication and Inforation Technology are tasked withimplementing the STI policy and
recommendations from theNSTICThe MoST serves as secretariat of the Coumbié Ministry of
Industry and affiliated actorBave a special roli leading and promoting innovation systenmsthe
industrial sectorThe Science and Technolotpformation Cente (STIC)established in 201karries

out the important function of data collection and dissemination.

The MoSTis currently undertaking several activities to encourage institutioraadd individual
innovative talent such as its award and funding scheme for innovative ideas and praye$s§
2015) The Ministry provides awards for students and teachers, trainees and trainers, and
researchers and innovators who have registered an outfitay innovation in science and
mathematics, technical and vocational education, or research and innovation, on a competitive basis.
For instance, more than 33.2 milli&iI Biwvas spent in 2015 to finance 11 selected research projects
to encourage researchnd innovation activities. The innovation awatbve three major categories
namely annnovative institution awardaninnovative individual award aralfemale innovator award
(MoST, 2015). Furthermore, the Ministry formulat@directive by which innovate ideas, processes

and productive systems can be patented.

The NationalSTIPolicy called for an annual government allocation for STI of at least 1.5% of GDP in
all sectors (UNESCO 20IR)us far, as detailed earlier, GERD has reached just 0.6%dirGID13).
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4.2.2 Higher Educatiomstitutes

Higher education institutes in Ethiopia inclugeblic and private universities, colleges and TVET
institutions. Currently Ethiopia has 35 public universities and 59 accredited norgovernment
universities or coliges awarding degre€iuriakose et al. 2036According to Mamo et al. (2014:13),

a dwersities are given the freedom tohoose their areas of research in accordance with the
O2dzy t NE Q& RS@Sft zheilvodyddmphihtfexdifpeiehcy and acyderadvantages.

As of 2010/11 there were 505 TVET institutions in Ethiopia providingitiag aimed at enhancing
skills for371,347 enrolled learners (Ministry of Education 201The Ethiopian government has
recognized the need for establishing a largemmer of TVET institutions in order to promote
economic and technological development in the country. Among others, TVET institutions are
expected to serve as a source of innovation through generating new technologies, replicating foreign
technologies andransferring those selected to the relevant industry, thus contributing to industrial
productivity and competitiveness.

Higher educatiorinstitutes were the source gtist 2% of GERD in 2013However,HEIs performed
74% of the R&Pamounting to $502,82¢n 2005 PPRUNESCO Institute for Statistics 20IR)us
HEIs rely mostly on government funding for R&D, rather than their own internal resources.

Total enrolment in tertiary education stood &87,015 studentsin 2014, having risen rapidly from
264,822in 2008 Figurel6). On a proportional basis, the enrolment rate for tertiary education was
605 per 100000 people in 2014 (UNESCO 201®).the total number of tertiary enrolments of
693287 in 2012173517 (25%) were possecordary nondegree studentsb17,921 (74.7%) were

. FOKSt 2NDa | YR al849(B3%kviere aniotel & PhDoEequivaldRt programmes
(UNESCO 2013 2011 there were 14,895 graduates from tertiary education, a very large increase
from the 65373 graduates in 2008BUNESCnstitute of Statistic2016) In the latter year, 6.4% of
graduates were from science programmes, and a further 4.8% graduated from engineering,
manufacturing and construction programmes (proportions for more recent yearsa@ravailable).
Recognizing thathiese proportions need to be increased in order to furtldevelop capacity in
science, innovation and technology generation and trandfek S C5w9 3I2FSNY YSy i Qa
framework decrees that 70% of students joinimigher education have to be placed in engineering
and technology coursgdlinistry of Education, 2012

Under the University Capacity Building Program, the government has supported the establishment of
Institutes of Technology (l0Ts), either as new bedde by converting existing Engineering and
Technology Faculties to I0Ts (Kuriakose et al. 2016). These loTs function as relatoreynous

units within university structureshavng flexibility in their budgets and programmes. Technology
Transfer Offies (TTOs) have been formed within 10Ts in order to lead direct connections with
industry roleplayers.At Bahir Dar University there is &mstitute of Textile and Fashion Technolpgy
which educatesspecialized professionals in tharea of textile, garmentand fashion design
(Kuriakose et al. 2016)0ther than this there are no universities offering programmes that
particularly target the textile, leather or cement industries. Most of the higher education institutions
in Ethiopia provide a general educatiaather thansectorspecifictraining. Moreover, the agenda of
greening industry in particular and the green economy strategy in general has not been
mainstreamed into education and training in Ethiopia as yet.

Two new initiatives have been introduced strengthen the direct linkages and flow of knowledge

and technology between universities and industry (Kuriakose et al. 2016). The first is a technology
business incubation centre at Addis Ababa University, which was launched in 2012. The second is the
planned establishment of a Research Park by Adama Science and Technology Uniwvéhsity
assistance from German partners, nam@lyiversity of Leipzig and Conoscope GmbH
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Figurel®6: Tertiary education enrolments and graduates
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Source: UNESCO Institute of Statistif¥16)

Note: The number of tertiary graduates was missing for 2009, and therefore a linear interpolation
was performed. Data were not available for either series for 2006 and 2007.

In 2013 there were 800 R&D persorel (FTE) in HEIs, up from 224 in 2005 (UNESCO Institute of
Statistics 2016). Of these, 7B1 were researchersFigure 17 shows the breakdown of these
researchers by field. In 2013, there were 360 researchers (21% of the toth® matural sciences

and 208 (12%) in engineering and technology.

Figurel?: Higher education researchers (FTE) by field
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With the very rapid expansion difie HEI sector, several challenges have emerged (Kuriakose et al.
2016). University and research infrastructure, including buildings, classrooms and laboratories, has
not grown quickly enough to accommodate the rapid response student enrolments. Incadditi
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there is a severe lack of suitably qualified and experienced academic staff, especially at new public
universities. This is compounded by weak incentives (e.g. low salaries) for qualified persons to enter
academiaThere is also a lack of incentives &cademics to cooperate with industry and focus their
research on the needs of industry (Kuriakose et al. 2016).

4.2.3 Public Researcimstitutions

According toa survey conducted by ST{@2014),Ethiopiahad 47 federal and regional agricultural
research instutions, 20 governmental agencies and 8 health research institution2013.Among
these are some wekbstablished, large PRIBheEthiopian Institute of Agricultural Resear@AR) is
one of the largest PRIs in Ethiopia, and includésRksearch Centse and over 40 research
laboratories distributed across the country (Mamo et al. 20€driakose et al. 20)6TheEthiopian
Public Health Institute (EPH$)a governmental research establishment involved in research activities
in health, indigenous medital plants and nutrition (Mamo et al. 2014).

The Ethiopian Development Research Institute (EDRI) is aasgomomous research think tank

involved in economic research and policy analysis, bridging research and policy, cbpitdiitg,

knowledge dissemmation and consultancyEnvironment related research has beantradition at

EDRI, since it started to host the Environment for Development initiative (EfD) Ethiopia chapter
around 200506. The Ethiopian hub of EfWvas transformed into the Environment an@limate

Research Centre (ECRC)in 2015. ECRC/EDRU aims to support green and cliresiléent
RSOSt2LIYSyd Ay 9QUKAZ2LAL Fa F 1y2¢tSR3IS Kdzod 9/
oriented research on the economics of climate and environment imofid, conducting real time

AYLI OG S@Frftdzr A2y 2F [/ wD9Qa AYLX SYSyidladAz2y LINRO
and policyio TheCentrehas identified six thematic areas of research that include agriculture, water,
energy, forestry, urban aniddustry.

The EthiopiarEnvironment andForest Researchinstitute (EEFRI) was established under the MEFCC
in December 2014, with a mandate to undertake research Buooforestry, plantations, forest
product utilisation and protection, climate science &environmental pollution managememnt EEFRI

has its own labratory for assessing water quality anaol enforce effluent standards

Unfortunately, the UNESCO Institute for Statistics database does not have PRIs as a separate
category for its data on resezhers and GERINor are there data available on theumber of
publications and citations pdPR or the rumber of patent applications and patents granted (also
field/category if available)

4.2.4 Nornrgovernment organisations

As noted earlier, the private neprofit sector accounted for only 0.2% of GERD in 2013 (STIC 2014),

FYR (GKAa aSOG2NJ Aa GKSNBF2NBE 2F fAYAGSR AYLRNIL
organisation is tie Horn of Africa Regional Environment Centre and Network (HOARE®©®

government research institution and network that is financed entirely by external donor funellhg.

has more than 40 members in six East African countries, including universities from the major cities

in the region (including Addis Ababa, Nairobi, Juba Khdrtoum). HOAREC deals primarily with

issues of sustainability, resilience and governance. The principal aims are to support government
initiatives, including green growth, and to support private sector actors on how to green their
operations. The main fas is on land use planning, especially in the areas of agriculture, tourism and
conservation.

10 Sourcehttp://www.efdinitiative.org/ethiopia/about accessed 30 Sep., 2016

11 Seewww.eefri.org

12 The informationabout HOARE® this section is based aan interview with a senior executive within the
organisation.
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HOAREC has contributed in various ways to national and regional systems of innovation in Ethiopia,
especially with regard to green innovation, although notgpeally within the cement, leather and
textiles industries. First, HOAREC provided support for the development of the CRGE strategy,
working with the former Environmental Protection Agency (EPA). Second, HOAREC has been
facilitating networking and knowtige transfers among institutions, including national government
ministries, citylevel local government, universities and private sector firms. Third, HOAREC has been
working extensively at the city level to promote greening and sound environmental maesagem

e.g. in the design and implementation of waste management strategies and especially a new landfill
in Addis Ababa. In collaboration with government and university partners, HOAREC also assisted in
the development of a Centre of Excellence on sustdsadndfill management, which serves the
African continent. Fourth, HOAREC has been active in building institutional capacity that contributes
to the green economy agenda. Specifically, it has participated in three projects funded by the UK
Department forinternational Development (DFID) to establish the following institutions: the National
Academy of Science; the Centre for Certification and Monitoring (based at the University of Addis
Ababa); and the Climate Innovation Centre (CIC). Fifth, HOAREC hgscepgzactively with certain
private sector firms in order to assist them in implementing green technologies and processes. For
example, the Centre worked with the largest firm in the local Ethiopian flower industry (which has
approximately 80% market shgrto implement a system of biological waste management through
the creation of artificial wetlands, and to eliminate the use of pesticides by switching to biological
control mechanisms. As a result, the firm was able to obtain environmental certifidhtbinelped

it secure markets in Europe.

The Ethiopian Academy of Sciences (EAS), which was established ini2(bther non
governmental organization that promagescience and technology in Ethiopia. According to the EAS
brochure, the aim of the Acadey is to advance the development of all the sciences, including the
natural sciences, mathematics, the health sciences, agricultural sciences, engineering, social sciences
and humanities, fine arts and letters. Its engagements are mainlycerned withorganizing
conferences and workshops on significant national issues, awarding prizes in recognition of
excellence and publishing reports in its own journal as well as other periodicals and books.

4.2.5 Financial eganisations

QUKAZ2LIALI Q& TAYIl yDoarkd, 160fwaich re pricegely 0dNdd &Z8riun et al. 2015).

G! 00Saa G2 TFAYIFIYyOAlIf &ASNBAOSA KIFIA 0SSY AYLINROJAY
2,208 in 2014 (about 34% of which are located in Addis Ababa), bringing the ratio of bank kranche

to population from 4%675t039y oné¢ O %SNAKdzy S Tt @ HAMPY PO D t NR
oFyl1Ay3 aSoOid2Nna i 268TBHSDIXS bikicin), While 2 larggstdstienad f £ A 2 Y
bank, the Commercial Bank of Ethiopia, accounts fo2%4.Althoughd ( K A 2 LJing Se&tor sy
adlkofS | yR 2 the flnghdiak dectoff rengaiinsh sfiallcw with a limited range of sergices

(Zerihun et al. 2015:9Fthiopia ranked 120th out of 144 countries in financial market developmen

in the 2014/15 Global Competitiveness Repatoring3.3 out of10. Ethiopia also performed poorly

in terms of access to credit, ranking 165th out of 189 countries inDbimg Business 201durvey

(World Bank 2014).

4.2.6 Industry

The innovation actors in the industry s$ec obviously include small, medium and large scale
enterprises. GERD performed by the business sedfor business expenditure on R&D, BERD)
amounted toa paltry $7 957 (2005 PPP dollars) in 2013, down fr&#31439 in 2010 (UNESCO
Institute for Statistic2016)13 This represented 1.2% of total GERD in 2013 (15.5% in ZD1i@).

13 Neither UNESCO Institute for Statistics (2016) nor STIC (2014) specifies whether the business sector
expenditure on R&D (BERD) is limited to privately owned businesses only, or includesstatl companies.
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Ethiopian Innovation Survey and the Technology Capabilities Survey both founchrioagtion
cooperation arrangementdetween firms and other actors within the NSI aredequate ($IC
2015a, 2015b).

4.2.7 Support aganisations

The main support organisations are various sectvalopmentinstitutes. For the purposes of this
study, the most relevant support organisations are those pertaining to the three focus sectors,
namely theChemicaland Constructionnputs Industry Development Institute (ADI), the Leather
Industry Development Institute (LICANd theTextile Industry Development Institute (TIDThere are

also Development Institutes for the Food, Beverage and Pharmaceuticatrindhe Metal Industry,

and the Meat and Dairy Industry. All of the institutes report to the Ministry of Industry.

¢L5LQa &0 |dis8dRng hé BEtiiplag t¢xtilé iddustry competendy the global market by

providing sustained investment prormioh, consultancy, training study and research, laboratory and
marketing support and services O0¢L5L HAMHOU® ¢KS OAfdcilititd dhdzi SQa
RSPSt2LIYSyd FyR GNIXyaFfFSNI 2F GSEGATS FyR | LI NBf
become competitive and beget rapid developmént 6 ¢ L5L HaAMHO® ¢KS NBalLlR2yaa
formulation for industry development; provision of training on technology, marketing and
management; data collection and dissemination; project and investradvice, including feasibility

studies; consultancy services concerning production progcesmperation with government and

private institutions undertaking benchmarking studiespoperation with universities on product and

human resource developmerdnd conduct joint research.

tKS 202S0GA©®Sa 2F GKS [L5L IINB adG2 FILrOAtAGIG
LINE RdzOG Ay RdzaGNARSAQ (SOKyz2f23AS
developmenf O[ L5L5bQ&oNB®A[IRYAAOAT AGA

S
a a ¢Sttt Fa Syl o
S48 YANNRN) K2a$8

4.3 Performance of the NSI

CKS 2@SNJIff LISNF2NXYI YOS 2F 9UGKA2LIALIQa b{L Oty
national innovation survey and international comparative measures. In 2015Sttience ad
Technology Information Centre (STIC) based in Addis Ababa conducted a national innovation survey
based on a sample of 1,200 small, medium and laggde firms across various economic sectors
(STIC 2015a). The main findings are as follows. Overall, 60%msef reported that they had
undertaken innovations in the thregear period 2012014. Mn-technological innovatior{56.4%

was more widespread than technological innovati@f the four types of innovation, amketing
innovation was the mostommonlyimplemented innovation(49.5%), while product innovation
undertaken by19.5% of firms, was the least commorSome 34.9% of reerprises undertook
organizational innovationand 24.6% of enterpriseseportedly engaged improcess innovation.
Innovation wasnfluenced byfirm size with 77% of large enterprisegnovating,compared to &% of
medium and %% of small enterprisesThe highest sectoral rate of innovation took place within
manufacturing (68%)lrhemajor driver of innovation waghe desire to enhanceroduct quality and

the most common mechanism used by firms was the acquisition of machareysoftware as
opposed toperforming R&D.

/ 2YLI NBR (2 20KSN) O2dzy iNRASas 9GKAZ2LIALF QA Ayy2@l (A

World Bank Enterpres Surveys, 68% of large firms in Ethiopia reported product or process
innovation, compared to 87% in Kenya, 77% on average in LICs, and 82% irFighined §). The
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proportion of innovative medium and small enterprises is alseeloin Ethiopia compared to the
other countries.

Figurel8: Percentage of firm&ngaging in product or process innovation selected countries

88% 87%
82% 82%
77% 77%
68% 67%
56% 539
49%

42% I I I

Ethiopia Kenya LICs China
m Small enterprises  ® Medium enterprises  m Large enterprises

Source: Adapted from Kuriakose et al. (2015), Figure Al.

Similarly, the percentagof Ethiopian enterprises spending money on R&D is generally lower than
that in comparator countriesHigure19). An exception is medium sized enterprises, a greater share
of which spend money on R&D than in Kenya and H@se\er, given the extremely low levels of
R&D spending recorded for private enterprises, these comparisons should not be overstated.

Figurel9: Percentage of firmspending money on research and developmentselected countries
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Saurce: Adapted from Kuriakose et al. (2015), Figure Al.

9 (i KA 2AdwAldved af innovation performanceK A Y RS NE A licampeitdengss. Ethitpia
ranked 109" out of 140 countrieson the2 2 NI R 902y 2YA O C2NHzYyQa Df 201 f
(GClin 2015-16, with a score of 3.7 out of 7.0/EF 2015)On the innovation pillar, Ethiopia was

41



ranked 8% out of 140 nations. Althougkhe compositescore of innovation indicatorsose by0.5

points over the past six yearéfrom 2.7 in 2009L0 to 3.2 in 201516), Ethiopiahas much scope for
improvement in its innovation performance. The best areas of comparative innovation performance
GSNBE Ay WO2YLIl ye "LISWRAYWH2DENYYSY G0 IR OdzNB Y Sy i
products (49) (Table4dd @ 9 GKA2LIAL NI y]1SR f2¢ "paidthe@umblr 6fA G & T2
patent applications per inhabitant (117th).

Table4: Innovation indicators from the Global Competitiveness Index 2616

Indicator Score éx 7) Rank (ex 140)
Capacity for innovation 3.5 112
Quiality of scientific research institutions 3.6 79
Company spending on R&D 3.5 49
Universityindustry collaboration in R&D 3.5 78
D2@2Q0G LINRPOMINBYSYl 2F I ROl Y] 3.6 49
Availability of sientists and engineers 3.8 81
PCT patents, applications paillion population* 0.0 117

Source: WEF (2015) Global Competitiveness Report
*Units as described.

4.4 Functioningof the NSI

As mentioned earlier, how well an innovation system functidapendsto a significant extenon its

structure, i.e. which elements exists and h@mund their capacity is-This section builds on the
F2NBE3I2Ay 3T &0 NUzOG dzNT f ylLfeaAra I yRac®Hihgtd thé&a (KS
dimensionsdescribed in section.2.3. Consideringhat the focus in this sectiois on the NSI rather
than TSlss as well as the limited availability of quantitative and qualitative data in the Ethiopian
context, the set of functions is adapted slightly for present purposes. In pamnichia data do not
support an analysis of the entrepreneurial activity/experimentation functiamd only limited
RAaOdzaaA2y 2F WAY Tt dzZSyOS 2y GIK&lditier NBvng Bityet 2 F a4 S
al. (2015), wed LIt A G GKS oWRB &2 dNRFQYFdzy OGlA2Yy Ayid2 o6
development, both of which arparticularly relevant in the case of an easliage developing country

such as Ethiopia.

4.4.1 Knowledgalevelopmentanddiffusion

hyS YSI &dz2NE 2 7F perfobranizy ibkhNdviedge cB&tignSd\thefnumber of scientific
publications produced. In this respect, Ethiopia has shown dramatic improvement in recent years,
trebling its output from 281 publications in 2005 to 865 in 2014 (UNESCO 2@Hbsolute terms,

Ethiopia is performing well relative to other East and Central Africa (ECA) countries, taking second
place in the publication rankings behind Kenya in 2014, | LJSNJ OF LIAGE ol axaz F
publication ratio of just nine publications per milliathabitants(compared to 30 in Kenya and 80 in
Gabon)indicates that the growthin Ethiopiais coming off a very low bas€&he share of foreign eo

Fdzi K2NBE Ay 90KAZ2LAI Q®0143das 71% Otheliowesy/ratio anforigst Bi&pp H nny
seven most mlific ECA countries (UNESCO 2015). The most external collaborators were in the USA,

UK, Germany, India and Belgium, respectivAlgcording tothe SCimago Journal & CountRank

(2016) database which measures research output and citatioithiopia ranks78th out of 239

14 As mentioned earlier, Hekkert et al. (2007) and Bergek et al. (2008) developed their frameworks for analysis
of innovation functions in TSIs rather than NSIs.
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countries; Kenya ranks 87 Tanzania 82, Uganda 8%, and Cameroon 85 However, merely

producing publications is not enough to guarantee a positive impact on innovation; evidence
ada3sSada GKIG al ONX G A OltHe re¥earéhl duthulby o yadaderfice A & ( a
AyalAabdziazya yR GKS (SOKyz2t23& ySSRa 2F AyRdzadN

Another measure of knowledge creation is the number of patents generated. In the period 2010

2015, Ethiopia did not register agsign, plat or reissuepatents with the United States Patent and
Trademark Office (USPT@hich serves as a proxy register for global pat¢bfSESCO 2015). To put

this in perspective, the only two countries in the East and Central Africa region obtained patents

from the USPTO during this period, namely Cameroon (which registered 11 utility patents) and Kenya

O AUGK aS@Sy dziAftAdGe LI GSydao o6!b9{/h HampO®d /(S
inventions of international importanceis very limited. Haever, it must be reemphasized that

innovation does not require new inventions; rather, it most often involves the adoption of
Ayy2@0FiA2ya IyR yS¢g GSOKy2ft23ASa (GKFG KIF@S 0SSy
early stage of industrial develament, it is not surprising that the country far away fromthe
technological frontier.

However, the results of the national innovation survey reveal a certain level of IPR activity in
Ethiopia. Specifically, during the survey period (22024) 17% ofenterprises reported registering a
trademark, 3.1% registered an industrial design, and 4.1% secured a peatbimt Ethiopia; only

0.6% of enterprises applied for a patent outside Ethiopia (STICGaROEDble5 shows the numbebof

IP applications filed and granted by the Intellectual Property Office between 2010 and 2014. The
general trend has been in increase in the number of applications annually (including the total),
although not in every case (e.g. the number of patent ajapions has fluctuated).

Table5: Intellectual property applications filed and granted by the IP office, 2€a@1 4

2010/11 2011/12 2012/13 2013/14 Total
%) 7)) 7)) 7)) 0
c c c c c
2 g2 2 1] 2 [5) S o 2 @
IP activity _S § .S § .S § .S § ,S §
o (O] o O o (O] g: O o (O]
o o o o
< < < < <
Patent 29 0 34 16 20 6 22 4 105 26
Utility Model 163 30 172 95 206 56 183 57 724 | 238
Patent of introduction 75 11 83 2 93 13 114 9 365 35
Industrial design 160 35 | 231 51 231 39 165 30 | 787 | 155
Trademark 1166 | 795 | 1325 | 871 | 1435 | 935 | 1608 | 738 | 5534 | 3339
Total 1593 | 871 | 1845 | 1035 | 1985 | 1049 | 2092 | 838 | 7515 | 3793

Source: STIC (2014 gble 5.4, p.162.

The sharing of knowledge and information among the various actors is a vital aspect of the
innovation system. Notably, theEK A 2 LA I Yy Ly y 2 @I (A Bhiage{nmdaaddiSmds inF 2 dzy R
terms of information exchange and collaboration for innovation ygs)minimak > | Yy R Ay LJ NIi;
¢collaboration among firms, universities and government research institutes was veng wadi{

2015%xxx). The most common source of information for innovative enterprises was within the
enterprise or enterprise group (65%), followedibformation from clients or customer&5%). Only

6.6% of firms reported receiving information from governmemd public research institutes, 5%

from universities and colleges, and 4% from professional and industry associations. Abowf 30
enterprisesreported collaborative partnerships for innovation activitjghe most common partner
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being competitors (62%)whereas only 15% of firms reported partnerships wibvernment and
public research instituteb ¢ KS&aS adl GAaGA0a Of SINI e akK2g GKIFG
of the interactions between key actors has severe limitations that need to becaslkeld.

A survey of R&D capabilities among firms in four manufacturing sectors (cement, metals, textiles and
leather) conducted in 2015 by the Science Technology and Innovation Centre (STIC 2015b) found that
with the exception of the cement industrfirms demonstrated wak R&D capacityThe underlying
reasons included tck of skilled labar, inadequate infrastructure anshsufficient cooperation with
external partners such as research institutions

4.4.2 Influence on the direction of search

A detailed examiation of this function is not possible at the level of the NSI. Howédueggeneral

terms one can identify several broad factors that are encouraging firms and other organisations to
22AYy 9 Kan@ e&xpldretndw técknblogie§irstly, the rapid ecamic growth over the past
RSOIRSY G(G(23SGKSNJ gAlK G(KS 3I20SNYyYSyioa O2YYAGYS
create a general belief that the country has substantial growth potential. Factor prices have been
somewhat volatilein recent years, biuthe expectation of cheap electricity generated from
hydropower resources becoming available in the near future is a definite incentive. The search by
FANY&a F2NJ INBSYSN) (SOKy2t23A848 A& SELISOGSR (2
commitment toimplementing the CRGE.Demand incentives are being boosted by, for example,
increasing international trade and the stadigiven infrastructure building programme.

4.4.3 Market formation and access

The national innovation survey of 2015 revealed that regionatkets within the country were the

most common type of market for both innovative and rbry y 2 @I G A @S Sy (i SNLINA & S
innovative and 63.5% of neinnovative enterprises sold their goods and services only in some
provinces of EthiopidSTIC 2015a:18By contrast, 36.4 % of innovative enterprises and 36.5 % of
nor-innovative enterprises had access to national markets for their products and services. Innovative

firms were found to have better access to international markets than-inoovative firms, ot the

percentages of all firms with access to international markets were very low: rest of Africa (2.4%);
Europe (2%); USA (1.5%); Asia (1.9%) and other countries (1.2%) (STIC 2015a).

The higher rates of access to local and national markets in Ethiogis not necessarily imply that
these markets are well developed and free of market failures and barriers. One barrier is excessive
industry concentration, which makes it difficult for small firms to compete and to afford innovation
activities. This is Uktrated in the cement industry, with four of the 11 firms initially identified for the
survey having either shut down operations or being in the process of changing ownership (e.g. being
bought out by a larger competitor) as of April 2016. More broadiyresponse to the national
innovation survey questions about factors hindering innovation, 21% of firms stated that their
marketwasdominated by established enterpriséSTIC 2015a). A further 12% of firms reported that
they faced uncertain demand for inmative goods and services (implying a lack of developed
markets) and 13% of enterprises said that innovation is easy to imjtatgplying a lack of secure
intellectual property rights. On the other hand, a much smaller percentage (23%) of firms in
Ethiop\ Q& F2NXIf aSO0G2NJ NBLRNI FFOAy3 O2YLISGAGAZY
(66%) and LICs (59%) (World Bank 2016b).

15 Evidence for this is discussed in section 5 in the case study sectors.
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Another market failure is information asymmetries: in the Ethiopian Innovation Survey, 19% of
enterprises cited lackf information on technology as a factor hindering innovation (STIC 2015a). The
public good nature of innovation and R&D is another market failure, and this is being addressed to
some extent through governmetiinanced expenditure on R&D. Finally, the laak pricing of
SY@ANRYYSY(l f WolRaQ oLRtfdziA2y> SYArAaarzya FyR
FR2LIGAZ2Y 2F WINBSYQ Ayy20lFGA2yad

4.4.4 Access to finance

As mentioned in section 4.1, the GERD/GDP ratio has risen to 0.6&asandesult of theapid GDP

growth in recent yearghe absolute amount of expenditure on R&D has therefasen dramatically

from $90 million in 2005 to &9 million in 2013 (2005 PPP dollar§he sources of funding for GERD

were shown inFigure 10 above. As mentioned earlier, te National Science, Technology and
Innovation Policy called for an annual government allocation for STI of at least 1.5% of GDP in all
sectors(UNESCO 2016l also advocated the formation of a centralized innovation fimdR&D,

which was to be financed through a contribution of 1% of the yearly profits generated in all
productive and service sectors. However, there have been delays in the implementation of these two
funding initiatives.In the 2015 National Innovation &y, about onefifth of innovation active
enterprisesreported receivinginancialsupport for innovationSTIC 201. Of these, 66% received

funding fromregional, zonal or local administraterd7% from national funding agencies, 19% from
national govenment, 14% from monitoring government institutions, and 3.4% from foreign
government or public sources OO2 NRAY 3 G2 (GKS 22NIR .lyl1Qa NBOS)
programs serve only a fraction of the enormous demand from innovative enterpasesc€ess to
FAYFYOALET aSNWBAOS&E OYdzNRI 12aS SiéG fd HamMcYccOd

The greatest inhibitors of innovation identified by firrieat participated in the national innovation
surveywere a lack of funds available within the enterprise or group (reported by 35%rmog) and
high costs of innovation (34% of firm§TIC 201d. These factors were especially acute in the case
of manufacturing sector firms that were active innovatolhs. the year 2014 innovation active
enterprisesallocated8.8% of their turnoveto innovation activitiegSTIC 201).

The WBES 2015 also highlights the difficulties that Ethiopian firms experience in accessing finance.
For example, firms relied on internal financing for 83% of purchases of fixed capital, compared to 8%
financed by bank 1% financed by equity, and a negligible percentage financed by supplier credit (8%
was derived from other sources) (World Bank 2016b). The reliance on internal financing was higher
than on average in SSA (76%) and LICs (78%). While the vast majdiitysofeported having
checking/savings accounts at banks (91% of small firms, 95% of medium firms and 98% of large
firms), access to credft.e. firms with bank loansyas much more limited, especially amongstall

(30%) and medium firms (28%); 68% aféafirms had bank loans (World Bank 2016b). The prime
lending rate in Ethiopia was reported as 3% in December 2015 (CIA 2016), which is moderate
compared to rates in many other LIQ=llingly, lack of access to finance emerged as by far the most
comma business environment obstacle identified by managers in the WBES; 40% ranked this as the
top obstacle amongst 15 obstacl@d/orld Bank 2016b). Access to finance was identified as the major
obstacle by small, medium and large firms alike, although waescesy problematic in smaller firms.

Business incubation is a recent phenomenon itk infancy in Ethiopia. According to some studies
there have been five Business Incubati®antres(BIS) owned by the Information Technology and
Government owned Uwersities (MCIT) located in various regianblowever, the only operational

16 Sourcehttp://etd.aau.edu.et/bitstream/123456789/9872/1/Kon;jit%20Desalegn.pdf
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BIC currently is the one in Bahir Diarthe region of Amhara. Some universities such as Addis Ababa
University, Hawassa University and Bahir Dar University have also estaliligiredwn BIC, while
other universities aren the procesf doing so There are also &ew privately owned incubation
centressuch as »ub and ICE Addis.

TheClimate Innovation Centre (ECi€another BIC relevant to the theme of green innovatwhich
issupported byl KS 2 2NX R . | y] Qa Aayfibilg doSo@trustINil ANFakode St al. v R
2016). ECIC offers various kinds of support to entrepreneurial small and medium enterprises
operating in the clean tech sector. This includes the prowisif startup grants of up to US$50,000

and investment facilitation fomore established enterprises.

4.4.5 ill development

The recent rapid growth of educational enrolments documented above, especially in tertiary
education, indicates that the Ethiopian NSkccelerating the production of skills that are needed in

the economy. However, the types of qualifications and skills that are produced ideally need to be
aligned with the demand for skills from enterpris&o this end, the Ethiopian government has
recently been prioritising sciee, engineering and technologglated higher education programmes.
Oneexample i 1 KS bl GA2y Lt tNA2NRAGE ¢SOKy2ft23& /| LI 6Af
areas of agricultural productivity improvement, industrial pueotlvity and quality programmes,
biotechnology, energy, construction and material technologies, electronics and microelectronics,
L/ ¢az GStSO2YYdzyAOlFIGA2ya | yR nladdion) the §a0énmant 2 38 ¢
decided in 2014 to locate univaties specializing in science and technology and which have
connections with industry under the purview of the Ministry of Science and Technology, the aim
being to bolster innovation in academia and catalyse technetbgxen firms(UNESCO 20159n
coopeaation with its German counterparts, the Ethiopian government initiated an Engineering
CapacityBuilding Programme in 2005, which is jointly financed and implemented by the two
countries (UNESCO 2015). Several sectors have been singled out for spept@natiacluding

textiles, constructiorfand by implication, cementjeatherandagro-processing

The national innovation survey of 2015 found that one quarter of enterprises reported that none of
their employees held either a diploma or a universityga (STIC 204k Just over half (54%) of
firms reported that up between -P4% of employees had tertiary qualifications, and 14% had
between 2549% of employees with degrees or diplomas. Only 7% of enterprises reported having
more than half of their emplgees with tertiary qualificationsNearly a quarter of firms (24%)
reported that a lack of qualifiedersonnel was a significahtndrance to innovation

The WBES2015 found that 21% of Ethiopian firms offer formal training to their employees,
compared vith an averages of 31% for S8aharan Africa and 33% for low income countries (World
Bank 2016b). Within manufacturing sector firms that offered training, 27% of workers received
training, compared to 45%n averagen SubSaharan Africa and 46%blow income countriegWorld

Bank 2016h)

4.4.6 Creation of legitimacy

Analysis othe process ofegitimation relating to particular technologies is not tractable within an
assessment of the national system of innovation. However, the key aspect of legitimation with
NEALISOG G2 9U0KA2LIALFQA b{L A& (GKS 3I20SNyYSyiQa O
and green innovation in particular. The earlier analysis (section 4.2.1) shows that the Federal
Government has a high level of commitment both to the natio8all policy and to the CRGE.
However, what appears to be lacking is an equally strong commitment to green innovation
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specifically, which would link the STI Polmgre stronglywith the CRGE. Indeednovation has
been recognised at a high level of gowment as a critical gajm the implementation of the CRGE.
While nnovation is under consideration, it is acknowledgéthin the governmenthat it has notyet
beenadequatelyaddressedand that here is a need to build confidence and capaaitiiichwill take
time.

5 Analysis ofinovation inSelectedEthiopian Muinufacturingsctors

This sectiomprovides details about the sectoral systems of innovation based on interviews with key
actors, andinvestigatesthe extent, nature and drivers dahnovation activities within the cement,
leather and textiles sectodsased on a survey of firms in these manufacturing sedq®ges section 3

for details on the data collectioproces$.is

5.1 Sectoral Systems bfnovationand the Greening Agenda

Several national ministrieand agencies are important actors in the sectoral innovation systems,
including theMinistry of Environment, Forestry and Climate Change (MERGAtry of Industry
(Mol), Ministry of Science and Technology (MoShg Ministry of Finance and Economic
Gooperation (MoFEC}he Ethiopian Investment Agency (El&)e Ethiopian Quality and Standards
Agency (EQSA), and finance institutions

The MEFClays a critical role in the implementation of environmental policy in general and the
CRGE in particulathe MEFCC is therefore an important actor in both the national and sectoral
systems of innovation, especially with regard to providing information and stimulus (by way of
regulatory enforcement) for green innovation. For examplee MEFCC has introduced veeal
national proclamations and regulations to control pollution emanating from various industrial
sources, including an EIA proclamation, a solid waste control proclamation, a pollution control
proclamation, and industrial pollution control regulatioriBhe MEFCC provides technical support
both to strengthen regional agencies that enforce environmental regulations and to assist other
stakeholders (particularly enterprises) to comply with environmental standards and regulations.

Although the Mol is activein the national and sectoral systems of innovati@s involvement in
supporting green innovation specifically appears to be somewhmted. While the Mol has regular
communications with MEECand MoFE, for example in quarterly forum meetings involgithe six

main line ministries involved in implementing the CRGE, innovation is not a particular focus within
these forums. The Mol also holds irregular meetings with other ministries, such as Education. There
are some communications between the Mol ane tMoST, but these are not very regular. The Mol
gives support and direction to the various Industry Development Institutes, but responsibility for
implementation of the CRGE strategy and for liaising with universities is delegated to the institutes.
All of the industry development institutes are part of the national STI programme, which includes
guidelines on how the institutes must collaborate with universities and firms. The institutes have
facilitated some memorandums of agreement between universitiesfams, but the institutes have
limited directinteraction with the MoST.

17 Source: confidential interview with a highnking government official.
BCKAA &AdzNBSe> yR GKS | dziK2NR& OF f Odzf | G A Byfedindhisd SR
section, unless otherwise stated.
19 Theanalysis irthis sectionis based oninterviews with senior officials in the relevant ministry, institutes or
associations. Names of interviewees are withheld due to confidentiality agreements.
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The Mol apparently has limited instruments at its disposal to foster innovation. For example, it does
not administer grants or provide tax breaks or loan guarantees. Furtherrtitegee are no specific
industrial sector policies and laws aimed at encouragingiecovations, as this is seen as falling
under the wider remit othe MEFCCThe main route that the Mol uses to promote innovation is to
gather information on best practicend forward recommendations to the CRGE Facility, which then
dispenses funding to firms to help them to meet the targets of the CRGE strategy (especially with
regard to clean energy and energy efficiency). So far, the Mol has submitted eight projebts to t
Facility, only three of which have been approved.

The Mol is still working to develop a sectoral policy for implementation of the CRGE strategy. The
a2LQa YIAY LINAZ2ZNAGE A& o0dAfRAYI FYR SELIYRAY3I A
could explain its limited role in fostering green innovation.

The environmentalimpact andperformance ofnew entrants into themanufacturing industry in
Ethiopiacomes under considerable scrutinjpwvestors wanting to build new manufacturing facilities
have to apply for an investment licence at the Ethiopian Investment Commission (EIC). If the licence
is granted, the firm approaches the regional authorities in the regiowhichit intends to set up
operations. It then has to undertake an Environmentapdtt Assessment, and submit this to the
regional authority. The regional authority forwards its recommendation to the EIC, which then
decides whether to grant a business licence after checking compligititenvironmental and social
regulations

Many nev industrial investmentsparticularly in the leather and textile sectors amdpecially by
foreign companiesare being channelledinto industrial parks, where centralised facilities are
provided to clusters of similar firmgo optimise environmental pedrmance (e.g.through the
provision of clean energy andastenater treatment plants)See Box below for a description of the
recently inaugurated Hawassa ERark. This recognises the fact that the major environmental
challenge facing firms in these sert relates to water pollutionwhile effluent treatment plants are
prohibitively expensive for most firms to set up alora fact,A & | LJLJSF N&R +Fa AF (KS
primary strategy for achieving greening in the textiles and leather sectors is to tir@ttention and
resources towards the establishment dlfie industrial parks, rather than supporting (green)
innovationat the individual firm levelFirms located in the industrial parkse forced to comply with
environmental regulations, including Eroimental Impact Assessmenend implementation of
effluent treatment whereas established firms are not subject to the same level of environmental
scrutinyand thus have less incentive to adopt greener processes and prodimts.at the economy
wide andsectoral level, green innovation is occurring mainly through new fthrat build factories

with modern equipment and technologies, and through industrial parks with centralised effluent
treatment facilities.
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Box 1:Hawassa Ectndustrial Park

In Hawassalocated 275 kilometressouth of Addis Ababa, Ethiopia has baittecoindustrial park,
which was inaugurated in August 2016. The constructiath@first phase of the Hawassa Industr
Park (130 Bctaresout of 300 hectareg cost USD 247 million. Rextly, 38 shed have been
completed of whichfive are reserved for domestic investors. The remaining 33 sheel rented by
well-known international textile and apparel companjescluding PVH, Vanity Fair from the |
Arvin and Remount from Indiand other big players from Sri Lanka, Indonesia, Hong Kong
China. The park is expected to generate about USD 1 billion from the exports per yearcasate
60,000 productive jobs.

As an Ec®ark, Hawassa will mostly utilize renewable electricity souffegdro-electricity) and fully]
implement energy and water conservation strategies including maximization of natural lightnin
ventilation, fitting of energyefficient lighbulbs, recycling of water, and solar powered LED st
lights. Hawassa IndusttidPark also has a worldass common effluent treatment plant (CET
SldzA LILISR 6A0GK W%SNR [AljdZAR 5Aa0KI NBSQ (i Dabf
cubic metresof liquid wastes per day. In addition, 30%tloé delineated park area isding covered
by greenery infrastructure including tre@sd grasses. To ensure sustainable and reliable elect
and water supplya separate power station capable of carrying of 50 MW eleityr supply from
hydropower in itsinitial phase and groimgto 200 MW in duecourse as well agsleep underground
water wells, are being built. This will solve the electricity and water shortages reported by €x
industries in Ethiopia as majahallenges. In addition to power from grid, thark will produce
energy from waste. For instance, Africa Baon, one of the companies rentirgpeds in the park, wi
produce its own electricity from bamboo biomass.

Moreover, Hawassa Park is specialized to produce high quality textile and appambdactsthat
are competitive in the world market. Therefore, the constructiontbé park is fitted to comply with
the standards ofGTPAT: CustontsTrade Partnership Against Terrorigt to export manufactureg
products to America. In addition, the industrial sheds coredgd for the textile and appare
FFEOU2NASE NS YIRS (G2 O2yvyL}Xeée (G2 9daNRPLISQa !

At the firm level, green innovation is also necessary amongst incumbenttfiahgy/picallyuse older
processes and equipmenExisting manufactumg facilities tend to be spread out geographically,
which makes it more difficuléand costly for thento deal with wastes and effluentén some cases,
existing firms (e.g. tanneries) have been encouraged to relocate to industrial paork&ver, many
domestic firms face a cost barrier to enter these industrial parkgheg cannot afford the rentals.
Hence many such firms cannot take advantage of the opportunities for process innovations that
industrial parks and their facilities make possilfeiwrthermae, there does not seem to be any
mandatory EIA process for incumbent firrBhforcement of compliance with existing environmental
regulations has been weak partly dueddack of capacity and motivation of the regulatory bodies.
There is a proposal forl&s to be required fothe expansion of existing manufacturing facilities, but
this has not yet been approved. Therefore, from the environmental regulatory perspective, the
incentives forgreeninnovation amongst existing firngge limited.

Akey challege of thesectoralinnovation system, highlighted in the previous section at the national
level, is the lack of established links between the relevant manufacturing sector development
institutes and research institutions in order to foster innovation atié diffusion of new
technologies. The FDRE (2012) STI policy document recognized this challenge and proposed
strategies to create effective linkages amongst relevant actors. The proposed strategies include
establishing a system to integrate and synerdgizehnology transfer issues between universities,
research institutes and industry, creating a conducive environment for university academics and
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students to engage in technology transfer actestin industries, creatig strong links among
universities research institutes and industry addressing technology adaptation, and enabling
universities to take on an advisory role for industry with regards to technology transfethe
following subsections show, some progress has been made in strengtheningtiostit linkages and
cooperation.

5.1.1 Cement sector innovation system

Though there is no association or union of cement producers in Ethitpéa,Chemical and
Constructionlinputs Industry Development Institute (@DI),the Ministry of Mining, the Ethiopian
Geological Survey and other stakeholders involved in cement production and the value chain are the
major actors in the cement industry.

Enforcement of environmental requirements is ultimately the responsibility of the MEFCC. However,
the Mol has responbility for implementing the CRGE within industrial sectors, including cement
manufacturing. The Mol oversees the activities of the CCIIDI, vidigsponsible for assisting the
cement industry to meet the GQGemission reduction targets contained in the @R Every new
entrant into industry must meet various environmental criteria, but especialth regard toCQ
emissions in the case of cement. An Environmental and Social Impact Analysis (E&SIA) must be
undertaken before a firm can obtain a manufacturliegnce.

Conforming to the STI Policy, the CCIIDI is part of a tripartite relationship with academia and industry.

The CCIIDI links universities with firms within specific geographical areas, organising regular meetings

or workshops involving all partng are held every three months. The CCIIDI generates research
agendas, along with the firms in its constituency, and engages professors and other experts who
O2YyiNROGdzGS (2 GUKS AyadAdGdziSQa SYA&aaA2yWhichtNeS RdzOG A 2
universities can address by developing solutions. Research is therefore (partly) desdand
FOO2NRAY3a (2 (GKS AYyRdZAGOGNEQa LINRofSYada |yR ySSRa
professionals who advise on the research agenda, although thidl is st startup phase. The CRGE

A0N> GS3e GlFr1Sa 002dzyld 27F 20Kt LS2L) SQa ySSRax
are adopted to meet the targets. This requires diversified knowledge from experts in a wide range of

fields, including ecomists, sociologists and natural scientists (e.g. on the plant issues and chemical
processes). The CCIIDI, along with other Development Institutes, therefore engages with academics

from diverse fields.

The cement industry is acknowledged as having af&ignt impact on C@emissions as the result of

the calcination of raw materials and the energy used to make cement. The key mitigation effort
within the cement industry involves reducing emissions from energy use, because the industry
cannot at this pointtake action to reduce calcium carbonate inputs. There are two key process
innovations for reducing energglated emissions: improving efficiency and fuel switching. According
to the CCIIDI, each firm must analyse its energy efficiency potential. Fopkxaome firms are
using hot gas emissions to capture heat for use in the industrial processes-day@programme

of fuel switching has been undertaken by the cement industry, with assistance from the CCIIDI.
Planning began in 2010 to switch from thse of heavy fuel oil to coal, imported from South Africa;
implementation took place largely in 2014/5. Energy inputs accounted for about 60% of costs before
the switch, but this was reduced to about-48% with coal. This cost saving has in turn alloviraaisf

to exploit efficiency gains by investing in new equipment. Use of heavy fuel oil was highly inefficient,
so it was bad for emissions. All cement firms are now using coal.

50



The second stage of fuel switching will involve the partial substitutionavhdss energy for coal. In

Afar state, an invasive plant (Prosopis juliflora) is a significant problem for farmers, having invaded
1.2 million hectares by 2013, and subsequently spreading to other areas. Research conducted with
the Global Climate Fund (GQks shown that Prosopis has a relatively high calorific value for
biomass (estimated at approximately 4200 to 5200 calories per kilogramme (cal/kg), so it is useful as
a source of biomass energy for cement production. Technology is available for hayuestiplant,

and a German company has developed technology to convert the plant to energy. It has been
estimated that biomass energy can replace up to 40% of coal consumption without modifying the
main burners in cement plants. The use of biomass is pthfioesix major cement producers that

are located in different areas. The biomass source is centrally located within Ethiopia, and after
baling is transported to cement plants up to a maximum of about 400km away. Under a Joint
Implementation Mechanism pragmme, involving the CCIIDI, government and private industries,
and supported by the government of Japan, six of the main cement producers will be converted to a
biomass model. Japan will fund 50% of the conversions and will allocate 50% of the reduced GHG
emissions towards its Kyoto Protocol obligations. Although the biomass programme has not yet been
officially approved (MoFEC has the final say), it has been verbally confirmed. The plan is to migrate all
cement firms to use biomass for 40% of their enegith the balance being coal) over the next few
years, starting in 2016/17. By 2020, CCIIDI expects most cement firms to have adopted this measure.
It is estimated that this project can meet the whole Q@&duction commitment for the cement
industry withn the CRGHnN the Ethiopian context, cement producers are possibly less likely to
pioneer product innovations, and as the country does not produce anyficedlelectricity, it lacks

fly ash for use inlamino-silicatecement

5.1.2 Leather sector innovatiosystenzo

The main actors in the leather sector innovation system are firms operating along the leather
product supply chain (including livestock producers, slaughterhouses, suppliers of hides and skins,
leather processing enterprises and leather product nfasturers), along with the Leather Industry
Development Institute (LIDI) and the Ethiopian Leather Industries Association (ELIA).

LIDI is responsible for assisting firms in the leather industry supply chain to meet the goals and
targets of the CRGE amdher environmental regulations. To achieve its mandate, LIDI collaborates
with relevant government ministries, domestic and foreign universities and research institutes, and
local firms in the leather sector. LIDI holds regular meetings MEfRC@nd theMinistry of Industry.

LIDI is collaborating with universities to build capacity in the leather sector, based on the
requirements of tanneries. In collaboration with Addis Ababa University (AAU), LIDI established both
first and second degree programmesl&ather processing technology and is striving to ensure 100
percent work placement for the graduates. Moreover, LIDI provides incentives for students to enrol

in the department and rewards those who attain good grade point averages. LIDI also collaborates
with the Addis Ababa Science and Technology University (AASTU) in delivering a course in Footwear
Engineering. Bahir Dar University also offers a teaching and research programme in leather and
garment technologies. LIDI has a partnership with a univeirsilgdia, under which several students

FNBE aSyd G2 LyYyRAIF (2 dzyRSNIF{1S aladSNRa FyR t KE
research organizations in the UK. However, LIDI is mindful of avoiding saturation of the industry with
graduates.

The Ethiopian Leather Industries Association (ELIA) represents tanneries as well as enterprises
manufacturing leather products such as footwear and gloves. ELIA provides services such as market

20 Themainsources of the informationin this section arénterviews with key officiasin LIDI and ELIA.
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information, promotion of products in international markets, apdlicy advocacy concerning the
challenges and interests facing its members. For example, ELIA distributes marketing information to
its members from an international marketing information office based in Geneva, organises stalls at
international trade fais, and organises the All Africa Leather Fair in Addis Ababa (which has its 8th
round in 2016).Thus ELIA assists in the exchange of information relevant to innovatio
recognizes that one ofs significant challenges is to help improve the environtaéperformance of
constituent firms, especially tanneries. The Association states that agrgenh certificationfor
leather products has not yet beesecured and that this will requireconcerted effors from other
stakeholdes including government mistries and export promotion agencie®/hile FDI has been
attracted from seven countries into the leather sector, technology transfers are somewhat limited
because such ventures remain fulwned by foreign interests.

Impetus to undertake green innovatis emanates from both external and internal sourcBsere is
pressure to innovate fromcertain international buyers, which require compliance with
environmental standards and social issues including child labour and s@fatyestically, anneries
were intially given a fiveyear grace period in which to comply witlew environmental regulations
that came into effect in 20Q%ut thisperiod expired in 2014. Since then, leather makers have come
under increasing pressure from environmental regulators, wékeral tanneries having been forced
to close, although some were able to reopen after making improvements.

Recognising the importance of clustering and the construction of common effluent treatment
facilities for greening the leather sector, especidadyneries, the government is encouraging and
supporting the private sector to build their own industrial parks. In response to this, some private
industrial groups are building facilities, such as the George Shoe Industry Zone in Mojogwisch

to employ250,000 workers) and the Huajan Industry ZaDae of themain greening initiativebeing
promoted by the governmerand LIDR & | LX Iy G2 SadrofAakK | WiSEGK!
effluent treatment plant so as to reduce pollutiofiom tanneries ELIAregards the scale of
investment and management required to create an effluent treatment plant to cater to so many
firms as a significant challenge, but one in which it will be a major stakeholder. The leather city is
envisaged as a joint undertakibgtween the private sector and government, although precise roles
and contributions have yet to be determinedt this stage, according to ELIAnheries will have to
relocate to Modjo at their own cost, buthey have the alternative of building their owwaste
treatment plans. However, LIDI reports thatrpmising negotiations on funding are underway with

the European Investment Bank.

Green innovation in the leather industry faces a number of challenges. One is the mindset of private
sector businessesyhich need to understand that they are responsible for their environment and the
sustainability of their operations. Owners sometimes fail to comply with environmental standards
and focus only on generating profits. Most private businesses consider clgamoeiuction
innovations as an expense and ignore future benefits pertaining to green industrialization. Another
challenge is the lack of strong market incentives for environmental protection, particularly for the
establishment of effluent treatment facilés. There are no separate incentives for compatties
develop their own effluent treatment plants. Established enterprises can be especially reluctant to
engage in innovation to comply with environmental regulaticsasd require more capital to
implement environmental innovationsAccording to ELIA, enterprises face financial constraints as
banks are reluctant to lend money for greening activities, forcing firms to use their own resources.
However, some firms are benefitting from the Ethiopian Competitiacility (ECF), a fund
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administered by the UK Department for International Development to support activities such as ISO
standardization and improved environmental performance.

Newer firms, particularly those resulting from FDI, are taking the leaérimg of environmental
compliance (see earlier discussion about the Ethiopian Investment Commidsibh)is working
closely with foreign investors to implement environmental standards in new investm8etgeral
specific process innovations are being paied by LIDIin order to implement cleaner production
technologies, especially at tanneries. These include methods to decrease salt formation (e.g. 100%
waterless chrome effluent), decrease Total Dissolved Solids (TDS), remove pickling and salt
processesand reduce Chemical Oxygen Demand and Biochemical Oxygen Demand from liming.
[L5LQa SYy@ANRBYYSyGltf G4SOKy2f23& RSLINIYSyd Aa LN
handling and recovery (recyclind)IDI plays a pivotal role in the implemation of innovations
designed to achieve the CR@®mission reductiorgoals in the leather industry. For example, LIDI
supports firms to use less emission intensive technologies and helps firms to monitor their activities.
The institute has an accrediteddronmental laboratory for testing and a model treatment facility.

5.1.3 Textiles sector innovatiogystem

In the textiles industry, the main actors include theppliers of inputs for cotton production, cotton
plantation farms, various industries involved iretprocessing and production of textile products, the
Textile Industry Development InstitutéTIDI) the Association of Textile and Textile Products
Industries, the Ethiopian Textile and Garment Manufacturers Association (ETGAdvA)actors
involved in ctton and other raw materials supply and value chains.

ETGAMA has 85 member firms and represents their interests in capacity building, creating market
linkages, investment promotion and policy advocacy. ETGAMA works closely with the Ethiopian
Textile Indstry Development Institute (TIDI), which was established under the Ministry of Industry to
ddzLILIRR NI GKS &aSO0G2NNa RSOSt2LISyidoe C2NJ SEF YLX S=
provision of training in order to build technical capacity in the secdmother area of collaboration is

the formation of market linkages and development through organising trips abroad for members to
participate in international trade fairs. Two international conferences on sustainability helped raise
awareness and createapportunities for links to be made with other stakeholders so as to improve
competitiveness of member firms in the international market.

The association also holds quarterly meetings with the MEFCC to discuss issues of environmental
compliance. Consumerghrough the market mechanism and via global retailers who monitor
compliance, are exerting pressure on factories to comply with environmental standards. ETGAMA
monitors the activities of its members and supports them to comply with the international atded
pertaining to environmental sustainability and social issues.

In pursuit of capacity building, ETGAMA also collaborates with various development partners like the
Deutsche Gesellschaft fur Internationale Zusammenarbeit (G1Z) and the Embassy iofythearKof

Netherlands. ETGAMA initiated a thrgear project, funded by the Dutch government, which has
Sy3alr3aSR | O2yadzZ GFyd oW{2ftARINIS5F3AQ0 G2 lFaaSaa
environmental compliance in the case of mokah 20 factories. After identifying the sustainability

gap, the project will support the firms to address issues of cleaner production, environmental and

social aspects, health and safety.

53



5.2 Extentand typesof innovation

This section reports the results tie survey of innovation activities among firms in the cement,
leather and textile sectors (see description of the methodology in sectionTBg survey
guestionnaires asked firms about tlextent of product and process innovatisundertakenin the
precedng three years, i.e. 2013 to 20IEable6 displayshe headline results.

Table6: Occurrence of product and process innovation by sector

Innovation Activity Cement | Leather | Textiles | All firms
Percentagef firms engaging in product innovation 70 65% 11% 20%
Average number of product innovations per innovat 1 18 10 15

firm

Percentage of innovating firms for which at least @

0 0 0 0
product innovation was new to the industry in Ethiop 100% S0% ST% S3%

Percentage of firms engaging in process innovation 13% 28% 18% 21%

Average number of process innovations per innoval

: 15 2.4 55 3.7
firm

Percentage of innovating firms for which at least ¢

. ) . . . % 45% 4% 4%
process innovation was new to the industry in Ethiop 50% 5% 64% 54%

Of the 15 cement firms, only on@%)reported that it had undertakerproduct innovation and in
that case it was a single innovatitimat wasclaimed to benew to the industry in Ethiopidwo other
cement firms reported process innovationsg; single instance for one firm, and two new or
signifcantly improved production pros=es in the second firmOne of the firms claimedhat its
process innovation was new to the industry in Ethiopia.

Of the 40 leather sector firms, 2®5%)engaged inproduct innovation. The reported number of
product innovations varied from as few as 2 to as many as 90. Unfortunately, what constitutes a
LINE RdzOG Ayy2@0FdA2y Aa KIFINR (2 méviiably @ewhaty R
subjective.If we discount tle outlier, which seems unrealistic for true innovatiorthe average
number of product innovations per innovating firm was @8.the innovating firms50%said thatat

least one oftheir innovations were new to the industry in EthiopiBrocess innovatiorwas
conducted by 11 leather firm&8% of the sampleyanging between 1 and 5 innovations per firm
and averagin@.4. Fiveinnovatingfirms (45%)claimed thatat least one otheir process innovations
were new to the industry in Ethiopia.

Just 7 of the62 textile sector firms(11%)reported product innovatios, with the number of
individual innovations pefirm varying between 1 and 28veraging 1(@er firm, and totalling 71 Of

the innovating firms57%said thatat least one oftheir innovations werenew to the industry in
Ethiopia.Eleven textile firms engaged in process innovation, with the number of such innovations
varying between 1 and 5, except for one firm which claintedhave introduced28 process
innovations.Seven firmg64%)claimed thatat least one oftheir process innovations were new to
the industry in Ethiopia.

Aggregating all firms across the three sectors, 29% reportedly engaged in product innovatican with
averageof 15 innovationsper innovating firmFifty-three percent of alinnovatingfirms said that at
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least one of their product innovations were new to the industry in Ethio@é&.the 117 firms
surveyed, 21% reportedly engaged in process innovation, with an average of 4 innovations per
innovating firm. Fiftyfour percent ofall innovating firms said that at least one of their process
innovations were new to the industry in Ethiopia.

Given that the cement industry by and large produces a single homogeneous product (Portland
cement), it is not surprising to find a low ratebduct innovation. By contrast, textile and garment
manufacturers deal with a much larger range of products (various types of fabrics and numerous
different garment types and styles), which also tend to change more frequently. One would expect
the leathe industry to be somewhere in between these extremeke extesiveproduct innovation
reportedin the leather sector is somewhat surprising. This could be because of how leather and shoe
producers interpreted the meaning of product innovatjoe.g. new sbe designs One tannery
reported 30 product innovations, while one shoe factory claimed 90. Given the difficulty in precisely
specifying what constitutes a product/process innovation, and the further difficulty of
communicating this to the enterprise re@entatives, the data should be interpreted with discretion.

Enterprises were asked about the origin of their product innovatifrebe 7). The majority of
product innovating firmsin all three sectors said their enterprise démeed the innovations by
themselves, while none said that they relied entirely on other companies or organisations. In the
case of textile firms, 29% reported that their enterprise adapted or changed products originally
developed by other companies.

Tabk 7: Origin of product innovations

Who mainly developed the product innovations Cement | Leather | Textiles | All firms
Your enterprise by itself 100% 73% 57% 71%
Your enterprise with other companies or organisatiof 0% 23% 14% 21%
You enterprise by adapting or changing produ

originally developed by other companies 0% 4% 29% 9%
Other companies or organisations 0% 0% 0% 0%
Number of firms reporting production innovation 1 26 7 34

The majority of enterprises reported that they ddoped their process innovations by themselves
(63% of all firms), with the exception of the two cement firms, both of which collaborated with other
companies or organisation3dble8). No firms relied completely on product inretions developed

by other companies or organisations.

Table8: Origin of process innovations

Who mainly developed the product innovations Cement | Leather | Textiles | All firms
Your enterprise by itself 0% 64% 73% 63%
Your enterprisavith other companies or organisationy 100% 27% 9% 25%
Your enterprise by adapting or changing manufactut

processes originally developed by other companies 0% 9% 18% 13%
Other companies or organisations 0% 0% 0% 0%
Number of firms reporting procesmivation 2 11 11 24

Firms were also asked about the extent to which product and process innovations were introduced in
order to reduce various kinds of inputs (energy, water, chemicals and materials) and waste products
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(solid, liquid and gaseous wastés) ¢ KS NB & dzf G a F2NJ WINBSyY Thie® RdzO i

which shows both the percentage of all firms in each sector that reported at least one product
innovation to reduce each type of input or waste product, dimel average number of green product
innovations per innovating firm. The single cement firm that reported one product innovation
NEALRYRSR gAGK aR2 y20 (y2é6é¢ (2 (GKS ljdSaidrzy
inputs or wastes; thu§able9 reports no green product innovations in the cement sector. In the
leather sector, just one enterprise (3% of firms) reported product innovations intended to reduce
chemical inputs and solid wastes, while a quarter of firms said thegdated product innovations

to reduce material inputs. Considerably more green innovations were reported in the textiles sector,
but only between 3% and 6% of firms engaged in such innovatindigating a lack of diffusiorin
aggregate, less than 5% farims introduced product innovations to reduce most categories of inputs
and wastes, with the exception of material inputs (for which the proportion was 12%). Overall, 21%
of all firms reported at least one green product innovation.
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Table9: Product innovations adopted in the last three years to reduce inputs or wastes

Innovations to Cement Leather Textiles All firms
reduce: S G S © © S, | O 5 .,
2, 229,82 |8, |858:8., 855
5E |SE85E |28ERE |S535 E |55
5T | Se9sT |SeYsT |SEYsT |ZEC
o < £ g0 < &£ go < ™ o <
Energy use 0% 0 0% 0 6% 6.0 3% 6.0
Water use 0% 0 0% 0 6% 15 3% 15
Chemical inputs 0% 0 3% 3.0 6% 2.8 4% 2.8
Solid wastes 0% 0 3% 4.0 5% 3.7 3% 3.8
Liquid wastes 0% 0 0% 0 5% 1.7 3% 1.7
Gaseous emission{ 0% 0 0% 0 3% 1.5 2% 1.5
Material inputs 0% 0 25% 13 6% 4.0 12% 2.1

Tablel0d K2g6a (GKS NBLERZ2NISR SEGSY(d 2F WINB&pagddflr 0S4 &
all firms that reported at least one process innovation to reduce each category of input or waste
product, and the average number of green product innovations per innovating firm. In the cement
sector, a single firm reported that it introducedegn process innovations to reduce energy use, solid

wastes and material inputs. In the leather sector, the percentage of firms engaging in green process
innovation varied from 5% to 15%, depending on the type of input/waste. Amongst textile sector
firms, green process innovations were much more numerous (averaging between 2.7 and 4.9) and
somewhat more common (adopted by between 10% and 15% of firn@yerall, 15% of all firms

reported at least one green process innovation.

Tablel0: Process innovations adopted in the last three years to reduce inputs or wastes

Innovations to Cement Leather Textiles All firms
reduce: o = 0w = a o < 0w O = 0
g %) 3 S g %) 3 S 2w S S g %) 3 5
SE |E-.G5E |E-TEEE |E~TBS5E | ExB
S |29z 8= |2°38= | 203 8= 203
&° |z E&° |z E&° |z £2&° |z E
Energy use 7% 2 13% 1 13% 4.9 12% 3.7
Water use 0% 0 5% 0 15% 2.7 9% 2.7
Chemical inputs 0% 0 13% 2 15% 2.7 12% 25
Solid wastes 7% 1 10% 1 13% 33 11% 2.6
Liquid wastes 0% 0 8% 1 13% 2.8 9% 2.6
Gaseous emission 0% 0 5% 0 10% 2.7 7% 2.7
Material inputs 7% 1 15% 15 13% 3.9 13% 2.7

21 Acaveat is necessary, as on close inspection some of the responses seemed unrealistic. For example, a textile
firm that reported having introduced 5 peess innovations in total, also said that 5 process innovations were
adopted to reduce every one of the input and waste categories listed in the table. This would mean that every
innovation served to reduce every type of input and waste, which seems wikely. The same occurred with
two other textile firms, which reported 3 and 2 product innovations, respectively. Therefore, the data should
be interpreted with caution.
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Figure 20 displays the percentage of firms that reported investing in various typescwfitst to
support product and process innovation. In the cement sector, acquisition of machinery, equipment,
software and buildings was the most common activity (73% of firms), followed by training of
personnel (40%). In the leather sector, the moited investment activities were in training (83%)
and design activities (73%). Among textile firms, the percentage engaging in investments for
innovation was generally much lower, reaching just 31% in the case of training. The proportion of
firms reporting inestment in all categories except acquisition of machinery etc. was highest among
leather sector enterprises.

Figure20: Percentage of firms investing in activities to support product and process innovations

Engagement in all forms of design activities

Training for innovative activities for your personnel

Acquisition of patents and non-patented inventions,
existing know-how, copyrights

Acquisition of machinery, equipment, software & buildings

Purchase of Research and Development activities

Internal Research and Development

0 20 40 60 80 100

% of firms

Cement Leather Textiles All

5.2.1 Benchmarking agaihsther countries

It is instructive to place the main innovation results for Ethiopia in the context of rates of innovation
occurring in other developing countrieable 11 (Table 12) displays the percdaage of firms
undertaking product (process) innovation in the textiles, apparel, leather and manufacturing sectors
in a selection of developing countries for which data were available on the UNESCO Institute for
Statistics (2016) database. The data foriéjtta are drawn from the firm survey conducted for this
project (for the textiles and leather sectors) and from the Ethiopian National Innovation Survey (STIC
2015a) for the manufacturing sector as a whole. As can be seen, the reported rates of botht produc
and process innovation among firms vary greatly, which may partly be due to the lack of consistent,
objective definitions of what constitutes different types of innovation in these sectors (firms typically
respond to surveys by subjectively reportingtbe number of innovations).

As shown inTable 11, 11% of surveyed Ethiopian textile firms reportedly engaged in product
innovation, which is in line with the percentages in other developing countries (with the exception of

Ecua@ NE 6KAOK Aa |y 2dzitf ASND® Ly GKS fSIFGKSNI &aSC
similar to the rate reported for Ecuador, but is far higher than any of the other countries. The
average percentage of product innovation among all (cement, &xadind textile) firms in the survey

was 29%, which is somewhat below the 43% of manufacturing firms found to be product innovators
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somewhat below the 61% recaed for both Tanzania and Uganda.

Tablell: Percentage of firms reporting product innovation in selected countries

Country Year Textiles Apparel Leather Manufacturing
Brazil 2011 9 10 14 17
Bulgaria 2012 9 10 8 15
Ecuador 2011 52 48 66 46
Egypt 2010 5 2 4 6
India 2009 13 14 20 12
Poland 2012 10 2 6 12
Romania 2010 11 5 12 12
Uruguay 2009 16 13 27 17
Kenya 2011 -- -- -- 40
Malaysia 2011 -- -- -- 44
Tanzania 2010 -- -- -- 61
Uganda 2010 -- -- -- 61
Ethiopia 2014 112 -- 65 43

Source: UNESCO Institute of Statistics ZRILBEirm survey conducted for this project (3) STIC (2015a)

The corresponding benchmarking results for process innovation, showiabte 12, are broadly
similar. Among surveyed textile firms in Ethiopia, 18% reported process innovation, which is
consistentwith the percentages in the other countries (aside from Ecuador, which again is an
outlier). In the leather sector, the Ethiopian result (28%) within the ranfjetber countries.
However, the overall rate of product innovation found in the firm survey (21%) was considerably
lower than that for the manufacturing sector (54%) found in the Ethiopian National Innovation
Survey (STIC 2015a). The latter percentagenmash higher than the 33% found for Kenya and 27%
F2NI ¢FyT FyAlFS odzi €£Saa GKEyYy ! 3FyRFQa NBLRNISR

Tablel2: Percentage of firms reporting process innovation in selected countries

Country Year Textiles Apparel Leather Manufacturing
Brazil 2011 26 30 27 32
Bulgaria 2012 10 7 6 11
Ecuador 2011 52 46 65 a7
Egypt 2010 12 5 7 8
India 2009 16 15 13 12
Poland 2012 10 2 6 12
Romania 2010 11 1 10 13
Uruguay 2009 24 20 30 24
Kenya 2011 -- -- -- 33
Malaysia 2011 -- -- -- 44
Tanzania 2010 -- -- -- 27
Uganda 2010 -- -- -- 63
Ethiopia 2014 18 -- 28 543

Source: UNESCO Institute of Statistics ZBJLBirm survey conducted for this project$3)C (2015a)
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The African Development Bank (2014) conductedWsi (i NI yedkindéseg, opportunities and

0 K NB SWiQy enalysis on the competitiveness séveral manufacturing sectors Bast African
countries,and identifiedthe level of innovation aa weakness for both leather and textile sectors.

For the textile and clothingector in East Africmne ofthe weaknesssin competitiveness resulted

from underdeveloped linkages with technical institutes for research and innovation suplpothe

leather and leather productsector, a significaniveakness resulted fromunder-developed linkages

with technical institutes for research and innovation support to improve livestock on the input side

and design and technical skills on the processing and product developigg side! ¥5.. HaAMN Ypp O

5.3 Characteristics of innovating firms

In order to analyse the possible determinants of innovatisach ascertain characteristics of firms

that may make them more or less likely to innovate, linear regression models were estimated using

the combined sample of data on 117 firms in the cement, leatand textile industries. The
dependent variable of each model is binary, i.e. it takes on a value of O if the firm did not innovate

and 1 if it did innovate. Models were estimated for each of the four dependent variables indicated in
Tablel3d G DNBSyé¢ Ayy20FGA2Yy A& RSTAYSR Ay (GKAA& Ayal
types of inputs (energy, water, chemicals and materials) or reduce various wastes (solid, liquid and
gaseous).

Tablel3: List of variables included in probit regression models

Dependent Variables

Variable Name| Description Type

product_inn Firm engaged in product innovation between 2€ARL5 categorical
green_prodinn| Firm engaged in green product innovatioatlveen 20132015 categorical
process_inn Firm engaged in process innovation between 22035 categorical
green_procinn | Firm engaged in green process innovation between 2200155 categorical

Explanatory Variables

Variable Name| Description Type

age Ageof firm in years continuous
log_turnover | Turnover in 2014/2015 (Birr) (logged) continuous
log_empt Number of fullitime equivalent employees in 2014/15 (loggeq continuous
cement Firm is a cement producer categorical
leather Firm is in the leather anigkather products sector categorical
textile Firm is in the textile and garment sector categorical
ind_park Firm is located in an industrial park categorical
domestic Firm has domestic ownership categorical
foreign Firm has foreign ownership categorical
joint_df Firm has joint domestioreign ownership categorical
private Firm is privately owned categorical
state_owned | Firm is a statowned enterprise categorical
pub_priv Firm has joint publiprivate ownership categorical
exporter Firm is an expaoer categorical
inv_ownrnd Firm invested in internal R&D in 2014/15 categorical
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random (dependent) variables follow a normal probability distribution. Thedel effectively
estimates the probability that any particular firm engaged in product/process innovation, conditional
on a number of independent variables. The continuous independent variabled &el13) indude

the age of the firm, the annual turnover in 2014/15 (logged so as to reduce heteroscedasticity), and
the size of the firm using the number of full time employees as a proxy for firm size (also logged). In
addition, several binary (dummy) explanatorgriables are included in order to assess whether the
following factors are statistically significant determinants of the propensity of firms to innovate:

industrial sector (dummies for cement and leather, with textiles selected as the base case);
whetheror not the firm was situated in an industrial park;

whether or not the firm was an exporter;

whether the ownership of the firm was domestic (base case), foreign or a joint venture;
whether the firm was privately owned, statawvned or a joint publigrivate operation; and
whether the firm invested in its own R&D to support innovation.

=A =4 =4 4 4 =4

The standard errors of coefficients were calculated using the Huber/White adjustment for
heteroscedasticity to ensure greater robustness. In some instances, one or ridhe dummy
variables had to be excluded because the lack of variation in the variables meant that coefficients
could not be calculated by the algorithms in the EViews econometric software package. The number
of observations is less than the total numbdrfioms surveyed (117) because not all firms provided
answers to all of the questions, i.e. there are missing observations (especially for variables such as
turnover and number of employees). The following subsections discusses the main results obtained
for models of product and process innovation, respectively. The full output for each model
specification is provided in Appendix A.

5.3.1 Product innovation model results

Table14 shows the main results for full model specificationsl(iding all explanatory variables) and
reduced forms (including only statistically significant independent variables) for product innovation
and green product innovation. In the case of product innovation, the statistically significant
explanatory variablesvere turnover, leather sector, location in an industrial park, exporter, state
ownership and investment in own R&D. The age of the firm, number of employees, cement industry
dummy and foreign ownership were all statistically insignificant even at thel@®b The negative

sign on the coefficient of log_turnover suggests that smaller firms are more likely to innqvate
perhaps because they face greater competitive pressures. Interestingly, firms in the leather sector
are more likely to engage in productniovation than their counterparts in the cement and textile
sectors. The negative sign on industrial_park, which indicates that this status reduces the probability
of product innovation, could possibly be explained by the fact that such firms are genszally
entrants to the industry in Ethiopia arising from FDI, and they are therefore likely to have more up
to-date product lines than established domestic firms. Firms that produce goods for exports are
more likely to engage in product innovation, which fams to the literature suggesting that such
firms innovate in response to international competition. Only three firms in the sample are- state
owned, but it is somewhat surprising that the coefficient on this variable is positive, as private sector
firms ae generally thought to be more innovativEhe probability of a firming engaging in product
innovation is positively associated with firms investing in their own R&D, as expdtdtecoverall
goodness of fit (McFaddendguared of 0.48) is reasonably gokd a small crossection sample. In

the reduced form model, the coefficients change slightly (partly because the sample size has
increased by four observations), but the level of significance remains the same in each case, as does
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the goodness of fit. Iboth the full and reduced fors) applying the logit estimation technique
(which assumes an underlying logistic distribution function) did not materially change the results in
terms of the significance of variables, although the coefficients are gensliglhly larger.

Tablel4: Summary of probit model results for product innovation

Dependent Variable

Explanatory variable product_inn green_prodinn

full reduced full reduced
constant 1.96 1.17 -1.65 -1.74%*
age 0.001 -0.02
log_turnover -0.29** -0.18* -0.09
log_empt 0.20 0.27
cement -0.39 -0.49 -041
leather 1.20** 1.07** 0.27
ind_park -1.68** -1.49** -0.41
exporter 0.95** 1.05**
foreign 0.15 -0.50
state_owned 1.94** 1.95*
inv_ownrnd 1.23* 1.29** 1.76** 1.13*
No. of observations 93 97 92 115
Obs with Dep =1 66 68 82 101
Obs with Dep =0 27 29 10 14
McFadden R 0.48 0.48 0.29 0.15

* Statistically significant at the 10% level. ** Significant at the 5% level.

Green product innovatiorwas modelled in a similar way, but in this case only one explanatory
variable was statistically significant at even the 10% level, namely inv_ownrnd. The goodness of fit
(0.29) is clearly poor as a result. This is likely due in part to the fact thal®myt of the 117 firms
engaged in green product innovation, and only 10 of the 92 firms included in the full regression after
missing observations were excluded. The reduced form model, which is estimated over a somewhat
larger sample, has an even poorfir (0.15) with only the singlesignificantexplanatory variable
included

5.3.2 Process innovation model results

Tablel5 displays the main output for models pfocessinnovation and greeprocessnnovation. In

the case ofprocessinnovation, the explanatory variables that are statistically significant (at the 5%
level) are age, ind_park, exporter and inv_ownrnd. Turnover, number of employees, cement and
leather industry dummies, and foreign ownership were all insignificant at the [E9el. The negative

sign on the coefficient of age suggests that younger firms are more likely to innovate, which is a
02YY2y FAYRAY3I Ay (GKS fAGSNI Gdz2NBod ¢KS yS3arkdiirgds
may be explained as above. The dness of fit is not very good (0.39), but it must be borne in mind
that only a small number of firms reported engaging in process innovation (24 out of 117 in the full
sample, and 16 of the 93 included in the estimation). When the insignificant variatglesxauded

and the model reestimate, the results are broadly similar although the ind_park variable becomes
insignificant and the McFaddert falls to 0.27, indicating a poor fit.
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Tablel5: Summary of probit model results fgprocessinnovation

Dependent Variable

Explanatory
variable process_inn green_procinn

full reduced full reduced
constant -6.04** -5.43** -8.45 -7.35%*
age -0.3** -0.02* -0.03** -0.02**
log_turnover 0.22 0.21** 0.35** 0.29**
log_empt 0.15 0.02
cement -1.00 -0.50 -0.66
leather -0.89 -1.36** -1.40**
ind_park -1.10** -0.75 -0.95* -0.91*
exporter 1.11% 0.96* 1.89** 1.53**
foreign 0.01 -0.54
inv_ownrnd 1.54** 1.04** 2.00** 1.87**
No. of observations 93 95 93 95
Obs with Dep =1 77 79 81 83
Obs with Dep =0 16 16 12 12
McFadden R 0.39 0.27 0.47 0.43

* Statistically significant at the 10% level. ** Significant at the 5% level.

The model results are more robust in the case of green process innovation. Age of the firm, turnover,
leather sector, exporter and inv_ownrnd are all significant at the 5% level, and ind_park at the 10%

f SPStd ¢KS arady 2F (GKS O2SFFAOASYG 2y WF3ISQ Aa

sign, indicating that larger firms (in terms of revehuare more likely to undertake process
innovations¢ perhaps because they have the resources to invest in new equipment. In contrast to
product innovation, firms in the leather sector are less likely than textile firms to engage in process
innovation. Theprobability of process innovation is higher amongst exporting firms and those that
invested in R&D. The goodness of fit (0.43) is rather weak in the reduced form model, suggesting that
there are other factors (not captured in the survey) that determine thibe or not firms engage in

green product innovation. Application of the logit estimation technique does not materially change
the sign or significance of the variables in either of the process or green process innovation models,
except that the leather donmy is somewhat less significant in the latter case.

5.4 Driversand inhibitorsof innovation

In order to assesthe relativeimportance orstrength of a number of different potential drivers and
inhibitors of innovation firms were asked to score each factor a scale of O (not significant) to& (
very strong factor).Figure21 reports averagescoresacross firms in each sector and in aggredate
11 drivers of innovationThe most striking feature of theesultsis that there iscomparatively little

\

GENRFGA2Y Ay GKS F@SNI 3Sa | ONRPaa &aSOG2NE F2NJ Y2

O2aiéa LISN) dzy Al LINPRAzZOSReéI gKAOK Aa O2yaARSNIofe@

textiles (3.1) firms. Howev&r G Ay ONBF aAy3a @I tdzS I RRSRe Aa |
LINE RdZOSNE oO6Hdp0O GKFY €SFEGKSNI yR GSE

GAf Sa TANYS

NI yaS 2F 3I22Ra 2N aSNBAOSa¢ Aa yz20 2F 3Ieedml G A YL

homogeneous product. By contrast, this factor is of considerable importance for leather producers
(3.3). For both leather and textile producers, the most important drivers of innovation are
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GAYONBFaAY3I YIN]LSGI akKl NBé R Ra S NIHGIDER Mtk ¢veragésk S DI+ f
conceal greater variation in the scores across individual firms within each sector.

h¥ ALISOALFE NBfSGOFryOS F2NJ GKA& NBLERNISX AG Aa y2i
AYLI QG a¢g | yR yorSS/Sid Ay INBSSYIA A N2 NBE NBIj dZANBYSy Ga¢ |
innovation. For leather firms, these two factors were the second and third weakest. For cement

firms, the two environment factors were the fourth and fifth weakest out of 11 drivers. ForraH,fi

2yfte GNBLX IFOAy3a 2dziRFGSR LINPRdzOGA 2NJ LINRPOS&aaSsSa
environmental drivergboth of which scored 2.6 on averagé&his is a clear indication that improved
environmentalpolicies are needetb stimulate green innowions.

Figure21: Relative strength of factors encouraging innovation

Meeting environmental regulatory requirements
Replacing outdated products or processes
Reducing environmental impacts

Improving health and safety

Reducing costs per unit produced

Increasing value added

Improving capacity for producing goods or services
Improving the quality of goods or services
Increasing market share

Entering new markets

Expanding the range of goods or services
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Notes: Firms were asked to score each factor on a scale of O (not significant) to 4 (very strong factor).
Thefigurereports averages across firms in eachteseand in aggregateThree leather industry firms
NBaLR2yRSR GR2 y2i 1y 26 éourtendlediyng feturhetJuill valods,omhite ¢ @ ¢ &
Fy23KSNI NBaLR2YyRSR ay2id | LILX AOLoft Séo

Figure22 displays averagescoresacross ifms in each sector and in aggregdte 11 factors that

inhibit innovation! G KA3IK 02aid 2F ySg GSOKyz2f23ASa¢ SYSNHS
GSEGAES FANYaA yR (GKS &S02yR o0A33Sai FT2MscOSYSyi
the top obstacle for cement and leather firmé.KS NXf I 6 A @St & KAIK | GSNIF IS
O2YLISGAGAZ2YE | Y Zgul del dush DaftSo/pliodudt hdvddgeneity in the cement

sector. LYy 2@ GA2ya o6& O02YLISiAen2NES) addOextiNS(R7) firAsg Sa i ¥
GKAETS F2NJESIFGKSNI FANYVaz GKS fSFAd O2yOSNYyAy3a Ay
AKIFNB KSfR o0& O2YLISiAlG2NRéd® ¢KS O2aild 2F YSSiAy.
appear to be an importantlmstacle to innovation, especially in the cement and textiles secidris
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might indicate a lack of regulations or enforcement thereof. Lack of adequate finance was the second

NI V1SR AYKAOAG2NI F2NJ GSEGAE S T A Nlack bfykils @ndng Y SR A dz
SYLX 2eSSa (G2 2LISNIGS yS¢g GSOKy2f23ASaé¢ glha 0O2y:
firms, but of limited importance in the other two sectofBhe major policy implication appears to be

that firms need financial support to neé the high costs of new technologies and to access new
markets.

Figure22: Relative strength of factors inhibiting innovation
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Note: Firms were asked to score each factor on a scale of 0 (not significant) to 4 (veryasttmmg
Thefigure reports averages across firnts each sector and in aggregat®ne leather industry firm
NBaLl2yRSR ¢ andsix i6ailé firhsyetuméd null values.
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5.5 Sources of informatiomndpartnershipgor innovation

The firms were asked sena questions relating to the sources of information and types of partners
they cooperatedwith in the innovation process, with a view to establishing how strong the
innovation networks are and where the gaps Ilgure23 showsthe relative importance of 10
sources of information for innovation that firms rated. Information from within the enterprise or
group was considered most important of all for firms in the leat{&0)and textiles(2.3) sectors,

and second most importantor cement firms(2.4). The top category for cement producers was
suppliers of equipment, materials, services or softwg®) which was also relatively important for
textile firms For leathersector firms, an important source of information was confaces, trade

fairs and exhibitions (2.9), whereas this was one of the least productive sources for cement firms.
Government, public or private research institutes constituted a mediocre source of information for
innovation, which clearly indicates scope fapre effective implementation of innovation policies.
Even more concerning are the very low scores given by firms in all sectors to higher education
institutions, which has the second lowest average (1.3) across all firms. This confirms the findings of
the Ethiopia National Innovation Survey (STIC 2015a), and implies that much more needs to be done
to strengthen linkages between HEIs and firms to foster knowledge and technology transfers.

Figure23: Sources of information for inavation
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Tofurther assess the strength of innovation system linkages, firms were asked how many meetings
they had with key innovation actors in the past ye@o. some degree, the results conform to the
governance structure @t has been adopted by the government for the implementation of the CRGE
in these industrial sectors, as described in section 5.1 (namely that the Mol has the primary
responsibility for implementing the CRGE, but uses the industry development institutakigo
purpose).For firms in all three sectors, the most meetings occurred with réepectiveindustry
development institute.Leather sector firms reported more meetings on average with the LIDI and
Mol, which is consistent with the higher rates of pratand process innovation in this sector.
Meetings with financial service providers wereich more common among textile firms thamong
cement or leather firms. At least some meetings took place with the Ministry of Industry, although
there is clearly sque for more interactionPerhapsthe most significant result is the generally low
number of meetings with all of the innovation partners. The very low number of meetings with
universities and TVET institutions (0.5 on average across all firms) agaightégtile need for more
regular contact between HEIls and firms.

Figure24: Average number of meetings held with innovation partners in the past year

Banks or other financial service/credit providers

Universities or TVET centers

Industry Association

Industry Development Institute or similar

Ministry of Industry

Ministry of Science and Technology

National Science, Technology and Innovation Council

0.0 0.5 1.0 15 2.0 2.5 3.0 35 4.0
Average number of meetings in past year

Cement Leather Textiles All

Note: One of the cement firms reported that it had 365 meetings with banksher dinancial service
providers in the past year; among the textiles firms, three firms reported 300 or more such meetings.
Given that these responses were extreme outliers and were deemed unrealistic, it seems likely that
the respondents misinterpretetie question. Hence, these four outliers were excluded.

Table16: Percentage of firms reporting at least one meeting with innovation partners in the past
year
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. c 5 Q 0
Innovation partner g % e é
S |3 |8 |z
National Science, Technology and Innovationr€du 7% | 8% | 15% | 11%
Ministry of Science and Technology 7% | 20% | 21% | 19%
Ministry of Industry 40% | 65% | 39% | 48%
Industry Development Institute or similar 40% | 73% | 53% | 58%
Industry Association 20% | 35% | 34% | 32%
Universities ofTVET centers 27% | 10% | 27% | 21%
Barks or other financial service/credit providers 27% | 20% | 35% | 29%
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displays the percentage of firms in each sector that reported having at least one meeting in the
preceding year with the various key innovation partners. In the edscement firms, 40% said they

had met with the Ministry of Industry, and the same percentage reported having met with the
Industry Development Institute. Only about a quarter met with HEIs and financial service providers,
while just 7% (one firm) met i either the NSTIC or MoST. The pattern was broadly similar in the
other sectors, with 73% of leather firms and 53% of textile firms having met with the LIDI and TIDI,
respectively Probably the most notable result is the low percentage of firms thattedameetings

with HEIs.

Table16: Percentage of firms reporting at least one meeting with innovation partners in the past
year

- Elz |8 |2
nnovation partner g % = =

S |S |8 | =
National Science, Technology and InnovationrCou 7% | 8% | 15% | 11%
Ministry of Science and Technology 7% | 20% | 21% | 19%
Ministry of Industry 40% | 65% | 39% | 48%
Industry Development Institute or similar 40% | 73% | 53% | 58%
Industry Association 20% | 35% | 34% | 32%
Universities ofTVET centers 27% | 10% | 27% | 21%
Barks or other financial service/credit providers 27% | 20% | 35% | 29%
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Finally, firms were asked about their most important cooperation partners for innovagigiire25
showsthat for the leather and textile sectors, clients orstomers from the private or public sector
were cited by the largest number of firms. Among cement firms, suppliers of equipment, materials,
components or software were the most common innovation partners. Government, public or private
research institutes wre ranked top by eight leather firms, but no cement or textile firms.
Universities or other HEIs were the most important partner for just two cement firms and two textile
firms. Once again, these results confirm that there is much scope for buildingutietal linkages
between HEIs, government agengiessearch institutegnd firms in order to foster the transmission

of knowledge and technologies for innovation.

Figure25: Most important cooperation partners for innovation
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6 Conclusionand Recommendations

The Federal Government of Ethiopia has over the past few years embarked on an ambitious
economic modernisation and industrialisation strategy, as encapsulated in its first and second
Growth and Transformation Plans. Aetsame time, the FDRE has committed the country to a low
carbon development trajectory by adopting a Climate Resilient Green Economy Strategy. Questions
remain, however, as to how compatible these two policy visions are in practice and implementation.
Suchquestions provided the motivation for the research project funded by CDKN, which seeks to
enhance theunderstanding of the interaction between the emerging industrial policies and green
economy strategies in Ethiopia

The international development litature makes it clear that innovatiogthat is, the adoption and

diffusion of new knowledge and technologies within an econanig/ a critical driver and enabler of

economic transformation and industrialisation. Furthermore, the literature on green gramth
adzadlrAylrofS RS@GSt2LIVSyid Ffaz LIl OSa 2NABYNBRQSYI
WINBSYQ Ayy20LG4A2ya a | 1S& YSOKFYAAY T2N I OKA
reductions in wastes and emissions, including greenhousesgas

In light of these findings from the research literature, this report aimed to assess to the strengths and
weaknesses of the emerging national system of innovation in Ethiopia, and to conduct an analysis of
sectoral innovation systems in key industisactors, with a view to establishing the extent to which
they are geared toward supporting green innovation and hence green industrialisatienreport

drew on extensive secondary data to assess the fraomkwonditions and functioningf the NSI. It

also analysed primary innovation data collected from a survey of 117 firms in the cement, leather
and textiles sectors. Thirdly, the report drew on interviews with key actors in the national and
sectoral innovation systemsThe major findings are summarisetlelow, following which
recommendations are made for policies to stgtimen green innovation systems in Ethiopia.

6.1 Summary of main findings

6.1.1 Thenational system of innovation

The Federal Government has undertaken concerted efforts to bolster the natiostnsyof
innovation in recent years, especially following the adoption of the national STI Policy inT2@12.

STI policy has spelled out the governance structure of the national innovation systems leading to the
establishment of the NSTIC, which is chaibgdthe Deputy Prime Minister and the Ministry of
Science and Technology act as a secretariat. Several line ministries are members of the Council but
alsohaveresponsibilities in leading and promoting innovation in their respective ministries. The STI
policy identified eleven key policy issues alomigh a set of strategies to deal with each of these
issues. Environmental protection is one of these key policy and strategy issues.

The Ethiopian government has long recognized the importance of human pesderelopment in

order to promote the technological and economic transformation of the country. Educatmshigh
priority for the government of Ethiopia as evidenced by the fact that 27% of total government
spending is allocated to education, whichfas larger than theaverage forLIG and SSA countries.

The country has seen a rapid expansion in education particularly in primary and secondary
enrolments. Tertiary enrolment has also seen strong growtlis has been accompanied by a rapid
increase irstate expenditure on research and development, and a substantial rise in the number of
R&D personnel.
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Despite these positive developmenthe NSI is still emerging and will require further commitment

and resources to become fully fledgeBor example, dspite rapid growth, tertiary education
enrolmentsremain below the average in LIC and SSA coun®ids. K A 2 LA Q&4 AYRAOFG2N
activity, such as pubkitions and patents, are growing, baff an extremely low base. The bulk of
governmentsponsoredresearch occurs in the agricultural scienas;ountingfor nearly half of the

GERD. By contraséngineering, technology and the natural sciences gatiemall shares of

funding implying that the GRED allocation was not very supportive of innovationthe
manufacturing sector. Over the past ten ygahe spending on GRED has shifted from government

to HEIswhichmay be a reflection of the perception that the HEIs are the best veHimlé3&D

In contrast, the recent years has seen a marked dropusiness expenditure on R&[BuUsiness
enterprises are spendingery little on R&D, and report that access to finance for innovation and for
access to new markets is highly constrainedile costs are high. Many firms cit lack of
appropriately ski#d labour as a hindrance to innovation. Furthermore, there are weaknesses in the
interactions among innovation system actors. For examplerd appeas to be insufficient
engagemenbetween the main ministries, particularipe MoST with the Mol and MEF,G€garding
greeninnovation Moreover, the links between universities and research institutes on the one hand,
and private enterprises on thetteer, are generally quite aak.The focus on HEIs could, therefore, be

a cause of concern in the presence of wdimkages between academia and indusffpe national
research infrastructure isygh A Ga Ay FlLyoOe aidl3Sd 5SaLAGS KAIK al
labs have not grown quickly enough to accommodate the increasing enrolment. Moreover, there is
lack of suitably qualified academic staffarticularly in the new universitiesand incentives (e.qg.
salarie$ aretoo low to sufficientlymotivate the research staff.

Innovation has been recognised at a high level of government as a critical tfemimplementation

of the CRGEWhile nnovation is under consideration, it is acknowledghdt it has notyet been
adequatelyaddressedThe greening agenda has ngt been mainstreamed into the education and
training system. Moreover, despite institutionapgrading enforcement of the EIA law reman
weak. he implicationis that regulationdriven technology forcings weaker than it could be if
environmental laws and regulations were adequately implemented. Our firm survey in the selected
sectors have shaen that greening requirements are among the weakest drivers of innovation.

The macroeconomic environment, as well as the rapid expansion of transport and energy
infrastructure, have been broadly supportive of business activity and innovatiaithough ising

public debt is a possible cause for concern if the rate of economic growth should falter in the coming
years. However, high trading costs emanating from inefficient customs clearance and poor
infrastructure such as road and electricity is still hampg the countn) @ompetitiveness. ICT
AYFNI A0GNHzOGdzNE Aa adAatf aSOSNBte ftAYAGSRE 6KAOK
and to effectively network with innovation actors.

6.1.2 The greening agenda and innovation in the manufacturewcs

TheMEFCC and MoFEC are the two ministries that coordinate the implementation of the CRGE and
associated innovationd//hile the Mol has regular communications witese two ministries for
example in quarterly forum meetings involving the six maie ministries involved in implementing

the CRGE, innovation is not a particular focus within these forums.

Although the Mol is one active actolin the national and sectoral systems of innovatiats
involvement in supporting green innovation specificappears to be somewhdimited. ¢ KS a2 L Qa
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main priorityhas been orbuilding and expanding industry, rather than protecting the environment.
This could explain its limited mlin fostering green innovatiorThe Mol made some attempts to
streamline theenvironmental issues into the industry development agenda by way of incorporating
those issues into the second GTRefEe are however,no specific industrial sector policies and laws
aimed at encouraging edanovations as yet. The ministry isstill working to develop sectoral
parametersfor implementation of the CRGE strategy.

It appears that the governmefX&nain strategyfor addressing the green agenda is through the
development of industrial parkdMany new industrial investmentgarticularly in theleather and
textile sectors anaspecially by foreign companiegre being channellednto industrialparks, where
centralisedfacilities are providedo clusters of similar firmg optimise environmental performance
(e.g. through the provision of cleanenergy andwastenater treatment plants).Geographically
dispersed firms, for example tanneries, are also encouraged to move into industrial parks. In
contrast, many established firms are not subjected to environmental scruging thus have less
incentive to adopt greener productiortechniques Theyare also discouraged frorantering the
industrial parkgy high entry costs. There are additional incentives thaéncourage innovatiom
compliance with environmental standardsTherefore, from the environental regulatory
perspective, the incentives fagreeninnovation amongst existing firnae limited. There alsseems

to be a problem in the mindset of the private sector businesses. Most businesses ignore the fact that
they are responsible for the envinment and fail to comply with standards.

6.1.3 Sectoral innovation in cement, leather and textile industries

The survey of innovation activities among enterprises in the cement, leather and textiles industries
provided useful information about the extent of iawation (and specifically green innovation), the
main drivers and inhibitors of innovation, and the linkages that firms have with other innovation
system actorsThe rate of product and process innovation was found to be low amongst cement and
textile enteprises (less than 20% in each case). A large percentage of leather sector firms reported
product innovation (65%), but only a moderate proportion (28%) engaged in process innovation. The
extent of green innovation, defined as innovations that aimed tausedenergy, water and material
inputs or solid, liquid and gaseous wastes, was substantially lower. Only 12% of firms reported green
product innovations, and 15% engaged in green process innovation. However, according to the
responses nearly half (46%) a@f process innovations were undertaken to reduce inputs or wastes.
The majority of productand processinnovating firms in all three sectors said their enterprise
developed the innovations by themselvesith relatively small percentages of firms collabting

with or relyingentirely on other companies or organisatiorifie percentage of firms that reported
investing in various types of activity to support product and process innovatanquite low in the

case of cement and textile firms, but reasonahligh (above 60% for four of the six investment
categories) in the case of leather firms. This sectoral pattern of investment activity levels is consistent
with the different rates of innovation reported across sectors. The survey results on the extent of
innovation in the leather and textile sectors are broadly in line with statistics from other developing
O2dzy UNAS&> | fGK2dZAAK LINRPRAzOU Ayy20F0A2y Ay 9UGKAZ2L
cast some doubt on the reliability of the respess

Results from probit regression models shed some light on the characteristics of firms that make them
more or lesslikely to innovate. The following firms were more likely to engage in product innovation:
those with smaller turnover; firms in the Idsr sector (relative to cement and textile sector firms);
enterprises not located in an industrial park; firms that produce for export; stateed firms; and
enterprises that invest in internal R&D. In the case of green product innovation, the onlycsigmnif
explanatoryvariable was investment in internal R&D. The probabilityggeheral)processinnovation
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falls with increasing age of the firm, rises with turnover, is lower for leather sector firms, and is
higher for exporting firms and those that intés internal R&D. The same results were obtained for
green pra@essinnovation, although in this case location in an industrial park was also significant, and
reduced the probability of innovation.

For both leather and textiles producers, the most import drivers of innovation are increasing
market share and improving the value of goods and seryisbde for cement firms it is reducing

unit costs h¥ O2yOSNY Aa GKIFIG GGNBRAZOAYy3a SyGANBYYSyll

NE 3dzt I G2 NE hidkdfl drhoNgStYh$ iedstiriportdit motivators of innovation for firms in

all three sectorsThis is a clear indication that improved environmental poliaied/or enforcement

is needed to stimulate green innovation§he most important inhibitors of innoviain identified by

firms were high costs of new technologies and high costs of access to new markets. Lack of adequate
finance for innovation was also an issue for many firitee cost of meeting government regulatory
requirementsdid not feature asan impatant obstacle to innovationywhich might indicate a lack of
regulations or enforcement thereofThe major policy implication appears to be that firms need
financial support to meet the high costs of new tectogés and to access new markets in order to
drive innovation.

When it comes to sources of information for innovation, firms generally relied more heavily on their
own resources (within the enterprise or group), as welloassuppliers of equipment, materials,
services or software, rather than onternal sources such as universities, research institutes and
government agencies. Thisiplies that much more needs to be done to strengthie linkages
between public and academic innovation actoand firms to foster knowledge and technology
transfers This is further reinforced by the finding in the survey that the number of meetings between
firms and most innovation system partnergspecially universitieswas very low.

On the positive side, the sectoral Industry Development Institutes appeaiap somerole in
facilitating interactions and knowledge transfdBut the lack of established links between the
relevant manufacturing sector development institutes and research instituticemains a key
challenge of thesectoralinnovation systers.

6.2 Polcyrecommendations

A number of recommendations emerge from the preceding analysis for policies that could help to

AGAYdZ I §8 INBSY Ayy20F A2y Ay &dzZJJ2 NLiTheekeyi KS O2

strategies areoutlined below: (1) mainseaming greeningwithin the STI policy framework and
promoting (green) innovation as a core part of the CRGE strat&)yenhancing the framework
conditions forthe national system of innovation so as poomote innovation in general; and3)
implementingpolicies designed to improve the functioning of the national and sectoral innovation
systems. A critical aspect of the latterimgsplementing a combination of economic incentives and
environmental regulations designed specifically to promote green innawvait the enterprise level.

Before proceeding to specific policy recommendations, a caveat is necessamympeterian
theories of innovatio I a SR S02y2YA 0O RS@GSt2LIVSyid SYLKI &aal $
whereby innovation and growth in damic sectors and firms causes disruptions to other sectors and
enterprises, possibly putting some of them out of business. This disruptive influence of innovation
inherently creates a tension between the national process of growth and economic transionnat

and the development of specific incumbent subsectors (including cement, leather and tetilas).

the process of innovation can have different outcomes at a national versus a sectoral level. At a
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national level, innovation may result in growth ovitrbut in some sectors being sidieed while
others thrive, i.e. there will be sectoral winners and losers. Patiaigers must therefore be aware
that by promoting the national innovation system, they could potentially create conditions that make
the realsation of sectoispecific industrial strategies (such as promotion of leather and textiles) more
complicated or risky.

6.2.1 Mainstreaming green innovatioand enhancing policy coordination

Effective governance requires proactive leadership, policy coheremsttutional capacity building
and strong implementation of policiednterviews with several higlevel government officials
confirmed that the former Prime Minister Meles provided strong leadership for the formulation of
the CRGE strategy around 262310 and its subsequent devolution through numerous government
ministries.There has beenimilar high-levelendorsement and support for national innovation policy
from the top leadership as indicated earlier, Ethiopia haspromulgatedan innovation policy ad
constitutedan innovation councijlwhich isled by theDeputy Prime Minister. However,judging from

the results of the Ethiopian national innovation survey conducted by STIC (2015a) and the survey of
cement, leather and textile firms conducted for thesport, there is still much to be done to fully
implement the national STI policy in order to stimulate a greater extent of innovation. Moreover
greater leadership and commitment to suppanteeninnovation specificallys requiredto support

the implemenation of the CRGEuch commitment to green innovation also needs to filter down to
relevant ministries (in particular the Ministry bfdustry). This mainstreaming will help to foster the
legitimation of green innovation and technologies, which is onghefimportant functions that the
innovation system needs to perform.

Although the STI Policy does include some elements that are related to environmental policy, the
need for green innovation needs to be raised in profile in order to align the polibytmatdesire for
green industrialisation as motivated for in the CRGE. Conversely, green innovation also needs to be
mainstreamed within the CRGE implementation procétswever, as of today innovation has not
been the particular focysfor example in quaterly forum meetings involving the six main line
ministries involved in implementing the CRQ®#oreover, the greening agenda has not been
mainstreamed to the education systemAll government departments that are involved in
implementing the CRGE need toderstand the importance of innovation as the key enabler of
improving environmental performanceMechanisms that have been created to facilitate inter
ministerial cooperation on the implementation of the CRGE should also be used to promote green
innovation more explicitlyldeally,there shouldbe an interministerial coordinating body to lead the
innovation/greening industry agenda at the national le\i&hcouragingly, the revised Environmental
Policy (a draft of which was published in December 2015k gexglicit attention to the need for
policies to encourage green innovation.

At all levels, capacity building needs to occur to strengthen the ability of government departments to
contribute to the green innovation agend&ertical policy coordinatioris requiredto ensure that
different levels of government (federal, regional and local) are pulling in the same direction. In
addition, horizontal policy coordination is hecessary; for exampheuation policies also need to be
dovetailed with other relevat policies suchas macroeconomic, trade, industrial and competition
policies.

6.2.2 Erhancing the enabling environment for innovation

Although it is typically firms that bring innovations into the economy, government has a critical role

to play by establishim conducive framework conditions, including the macroeconomic and business

environment, largescale infrastructure, and the broad educational and public knowledge creation
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systems. These structural underpinnings are important for innovation in generaklhsasvgreen
innovation in particular.

Improving the macroeconomic and business environment

9OKA2LIAIQa &aGNRYy3a FyR O2yaraidSyid SO02y2YAO 3aANRSI
FTNRY SE23Sy2dza LINAOS &K2 0O\ & duEmatraecofomit managemei S 32 @
through prudent fiscal and monetary policies. Such stable policies need to be maintained in order to
maintain economic growth and thereby contribute to an overall economic environment that is
conducive to innovation. One ared potential concern is the accumulation of large amounts of debt

to finance infrastructure expansion, especially the construction of large dams with hydroelectric

power sipplies; the MoFE@eeds to be wary of ovareach and ensure prudent debt management.

I 2YLI NBR (2 YlIyeée 20§KSNJ O2dzy i NR S dthebebyKainpelitfigth@ a Ay y 2
competitiveness of the economylrade policies should continue to promote international trade to

facilitate inflows of technology and to incentivibeth exprt and import competing firmso meet

international product standards, including environmental standards, through product and process
AYy20FiA2yad 9GKAZ2LIIALIQa AYRAZAGONRIE L2t AOASAa | NB
that efforts are keing made to ensure that new entrants stemming from FDIcaatleast in principle

¢ forced to comply with environmental regulations. Howevemany established firms are not

subjected to environmental scrutiny. The government needs to devise proper msirs which

reward firms that comply and punish the violators. This way it can encourage innovation and also
change the mindset of private businesses to internalize thegativeenvironmental externalities.

The lack of monitoring capacity and coordioatiamong the regulatory bodies have been identified

as majorreasonsfor the lax enforcement of environmental regulations. Heno®gnitoring and

compliance need to be bolster@drough the enhancement of capacity and coordination

The UN (2011:131) staie G KIF 0 G@oARSALINBIR FRIFILIWGIGAZ2Y YR RAT
STFFSOGAQVS 3A20SNYYSYyld AYyRddzZAOUNARLFE LRfAOASaA G2 aol
subsidies and access to credit. Since one of the barriers to innovation identifiethiopian firms is

the dominance of large incumbents, the promotion @dmpetition could help to enhance the

incentives to innovate.

Building quality infrastructure

Infrastructure can lay a supportive foundation for an innovative econdmyt can alsoreinforce
incumbent regimesso the type of infrastructure is importanthe Ethiopian government has been
investing heavily in infrastructure in recent years, especially for trangposids and railwaysand
energy(mainly renewable hydropower and eleicity transmission)A particular needf Ethiopid a
innovation system ian accelerated rollout of communication infrastructure, especially to facilitate
Internet connections. This will allow firms toore easilyaccess information and to communicate
more effectively with suppliers, consumers and other actors in the innovation system.

As mentioned in section 5.1, the Ethiopian government is focusing much of its resources in the area
of industrial policy into the creation of industrial parks and exportes. These are supplied with grid
electricity (increasingly from renewable energy sources) and centralised water treatment facilities
where relevant. This is generally an efficient use of resources, and should help enterprises to exploit
agglomeration ecnomies and technological learning benefits. Since, as reported in an interview with
a key stakeholdermany existing domestic firmsfind the cost of relocating toindustrial parks
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