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Foresight is a pragmatic futures studies approach as structured debate about future-related topics. Deliberative foresight addresses stakeholders affected by specific futures. This paper goes beyond a low-carbon strategy to present the potential of futures based on renewable energy. In the neo-carbon energy system, high shares of solar, wind, and other renewables are used, and carbon dioxide from the air is used as a source for synthetic products such as plastics, chemicals and medicine. As transitions are about technological and social change, a neo-carbon energy innovation ecosystem, consisting of actors at multiple levels, is envisioned. To represent the present ‘direction’ of Kenya’s energy transition, four renewable energy approaches and projects are examined. A conceptual model, which consists of deliberative foresight, innovation ecosystems thinking, transformative potential and sustainability, is then introduced. To study emerging energy transformations, historical assumptions and conventional approaches to development and scenario-making need to be challenged. This paper claims that deliberative foresight and a systemic approach to innovation can enable African countries to examine how their economies and energy systems can be transformed into emissions-free, efficient, low-cost, and sustainable. Our approach emphasizes inclusive innovation, broad-based socio-economic benefits, and minimising environmental harm.
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The debate on remaining globally within a safe operating space (Steffen et al. 2015, Rockström et al. 2009) is increasingly prominent because the global carbon budget is closing. The IPCC estimates that to limit global warming below 2°C, the remaining carbon budget for humankind is 880-1,180 gigatonnes (Gt) (IPCC 2014a). The current CO2 emission trends are approximately 50 Gt annually, which means that the space for carbon emissions is constrained. In a carbon constrained future, fossil fuel based power plants may become stranded investments. The energy sector, due to its emissions globally, is expected to have a crucial role in achieving emissions reductions (Bierbaum and Matson 2013). The costs of solar and wind energy are decreasing (IRENA 2016a), but considering the rigidity of the energy sector (Sovacool 2016), to have a zero-emission energy system in 2050, its blueprint must already be designed. 

In the transitions debate (Geels and Schot 2007; Child and Breyer 2017), it has been argued that innovation needs to be transformed for sustainability (Leach et al. 2012). In African countries, several drivers are driving energy innovation: 1) addressing energy poverty (Agbemabiese, Nkomo, and Sokona 2012; Day, Walker, and Simcock 2016), 2) economic diversification (AU 2013; Morris and Fessehaie 2014), 3) past struggles of benefiting from natural resources (Collier 2008; Andersen 2012; Kopiński, Polus, and Tycholiz 2013; Menaldo 2016), 4) the emerging collaboration with ‘rising powers’ such as China (Baker, Newell, and Phillips 2014), and 5) an emerging narrative, which suggests that with a growing services sector, digitalization, ICT and mobile technology, local access to information and finance, Africa is not only ‘rising’, but its future will be creatively ‘unleashed’ (The Economist 2011; UNCTAD 2015). Some claim that looking “East” for policy options and intensified trade relations with China and India (Power et al. 2016) is fuelling an old centralised, commodity-driven model. Certainly, there is lack of debate of the risks involved in locking into a fossil-fuel-oriented technology innovation system (Klitkou et al. 2015).

Apart from a few studies, the role of innovation systems for renewable energy (Hekkert et al. 2007; Negro, Alkemade, and Hekkert 2012) in the development context (Kebede, Mitsufuji, and Islam 2015; Tigabu, Berkhout, and van Beukering 2015; Ockwell and Byrne 2015) has been overlooked. Kenya is an opportune case study, living critical times in terms of its energy policy (Newell et al. 2014; Newell and Phillips 2016) while its robust renewable energy resources, innovation abilities and the role of international collaboration are progressively recognized (Ockwell and Byrne 2015; Ndemo 2015; UNIDO 2015). This paper makes three contributions to the low-carbon innovation ecosystems literature. First, it proposes using deliberative foresight for envisioning an innovation ecosystem in Kenya. Then, it presents the neo-carbon energy system as a 100% renewable energy based system. In support, we draw on recent socio-cultural scenarios on energy transformations to explore this emerging alternative. Third, we hope to learn from the present direction of Kenya’s energy transition and explore, how and when innovation from renewable energy can catalyse wider socio-economic benefits. We introduce a conceptual model to examine current renewable energy approaches in Kenya, and argue that deliberative foresight, innovation ecosystems thinking, transformativeness, and sustainability are important components for achieving lasting change. 
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Foresight builds upon futures studies with a systematic futures orientation, as a study of several alternative futures, not as an art of prediction (Amara 1981). Modern futures research was established as a scientific field in the late 1940s (Flechtheim 1971), and is now recognised even as a discipline of its own at university level in some countries.[footnoteRef:1] Futures research is systematic, holistic, multidisciplinary and critical long-term analysis as well as the anticipation of future-related issues and alternative trajectories of development in society (Bell 1996, 1997; Masini 1993). [1:  For example, the University of Turku offers an international Master’s Programme (http://www.utu.fi/en/units/ffrc/studying/FutureMasters/Pages/home.aspx) and Doctoral Programme in Futures Studies. Also see Free University of Berlin http://www.fu-berlin.de/en/studium/studienangebot/master/zukunftsforschung/index.html, University of Houston Master’s Programme in Foresight. and the University of Stellenbosch Postgraduate programme http://www.ifr.sun.ac.za/Pages/Home.aspx] 

Foresight is a more recent field and pragmatic approach within futures studies. Foresight can be defined as structured participatory debate about futures-related topics and the future of complex issues (EU 2014; EFP 2016; Gavigan et al. 2001). Through foresight, we can anticipate the future of scientific and technological achievements and their potential impacts on society. Both futures studies and foresight aim at supporting robust decision-making. Foresight is often applied as a strategic tool – as strategic foresight – in companies and governments, but it can be applied in any organization that wishes to explore its future prospects. Foresight provides visions of the future to probe effective strategic policy (Von Schomberg 2007). Corporate foresight permits companies to identify future competitive advantage (Rohrbeck, Battistella, and Huizingh 2015). Foresight as futures learning (Heinonen and Ruotsalainen 2014) is part of organizational learning (Hiltunen 2010), which can be in analogy extended to ‘national learning’. Foresight is beneficial both for the anticipation of opportunities and potential risks, and can stimulate continuous innovation (see e.g. Kuosa 2016). We argue that foresight should be more systematically connected, besides strategy work, to innovation processes. Moreover, in our view foresight could be developed in a way where those whose futures are involved are included in the foresight processes from the very beginning in an interactive way, as deliberative foresight. Deliberation, as informal learning through open, rigorous, ethically-driven and value-based assessment of available options, has been justified as a technique of arriving at well-informed conclusions in social and political systems (Dryzek 2000, 2006).

This paper presents deliberative foresight as such futures discussions that address stakeholders affected by specific futures. In particular, the emphasis lies on alternative futures to be deliberated on. This is to identify the preferred futures and start finding solutions and steps to make them happen. This is in line with the argument of Dator (2009) that the main task of futures thinking is to make social change through aspirational futures. According to von Schomberg (2007; see also Von Schomberg, Guimarães Pereira, and Funtowicz 2005), foresight activities should be adapted to processes of deliberative democracy. Deliberation on the basis of foresight knowledge can be classified into normative futures studies. Foresight knowledge can even be accumulated into a collective futures intelligence system such as the one developed by the Millennium Project and used for supporting decision-making based on tackling global challenges (Glenn, Florescu, and The Millennium Project Team 2015). Visions of the future can be written out into scenarios – manuscripts of possible futures. There are several types of scenarios (Börjeson et al. 2006; van Notten et al. 2003; Ducot and Lubben 1980; see also: Maier et al. 2016). Our approach is to use provocatively transformative scenarios to explore and test futures that differ radically from the present (Dator 2009). This way, they could be used to open up future opportunities widely, examine how such futures could be beneficial to different stakeholders, and to stimulate debate on the potential of the neo-carbon energy futures, as scenarios. 

Foresight can be used to anticipate potential technological and socio-economic changes, and through deliberation, different pathways, including for economic development, can be probed. 
This is significant especially in developing countries. Foresight can explore emerging issues such as the convergence of distributed ICTs and renewable energy and related potential for innovation (Rifkin 2011). Futures-oriented workshops (Jungk and Müllert 1981) and their modifications as so-called futures cliniques (Heinonen and Ruotsalainen 2013) are appropriate tools for deliberative foresight. Such settings allow participants from different backgrounds to co-creatively discuss and generate new ideas and innovations that reflect the local, national and regional context. Inclusive innovation refers to processes and outcomes of knowledge creation targeted at meeting the needs of lower-income groups and populations. When those potentially affected by future innovations are identified and included as actors in deliberative foresight, their social needs might be better attended and they may even become relevant actors in the innovation process. Deliberative foresight should recognize the complexity of power, and relations of power embedded in socio-cultural practices (Cooke and Kothari 2001), when informing or shaping larger systems (Dryzek 2015).
[bookmark: _Toc457995688]Innovation ecosystems
Foresight and innovation are capacities that bear strategic importance for any organisation or nation. Their interrelation is, however, quite complex. As argued in the preceding section, foresight aims at supporting and generating innovation. This link is not automatic, and should be systematically nurtured. In order to innovate, looking into the future and gaining foresight knowledge is crucial and gives competitive edge. On the other hand, when innovating, it has to be done for the present, not for the future (Drucker 1985). An innovation itself may have long-range impacts and reach its full maturity innovation only after twenty years. Innovators are futures-orientated since they are opportunity-focused (ibid.). Foresight helps us to examine different futures, for example with the help of scenarios, and to look at the possible emerging opportunities and budding innovations (Hiltunen 2013, 191).
The purpose of innovation is to create value – economic or in terms of improved quality of life (Rasheed 2012, 15). The innovation challenge is a story of survival; innovate for a sustainable, low-carbon environment – or perish. In nature, an ecosystem is an environmental system of interacting and interdependent relationships of organisms, bound by natural resources and the flow of energy from soil, air, sunlight, and water. As an analogy, we can conceive business and innovation ecosystems as corresponding inter-feeding entities. Rasheed (2012, 22) considers innovation ecosystems as complex, dynamic, and emergent systems of multi-functional and multi-level interactions of activities and resources. 
An innovation systems view (Hekkert et al. 2007; Nelson 1993) has been adopted in national (Bartels and Koria 2014) and technological view (Bergek et al. 2015, 2008; Carlsson and Stankiewicz 1991) to explain how different countries achieve economic development, including technological change. The components of an innovation system are the actors, networks and institutions that contribute to the overall function of developing, diffusing and utilizing new products (goods and services) and processes (Bergek et al. 2008). By depicting the actors in the sector, the potential for a future innovation ecosystem can be stimulated. An ideal innovation eco-system is a network where creation and dissemination of foresight knowledge is swift, systematic and fertile. An innovation systems view has also been assumed for energy systems and innovation (Gallagher et al. 2012; Grübler et al. 2012), and recently on Kenya’s solar photovoltaics sector (Ockwell and Byrne 2015).
[bookmark: _Ref452380070][bookmark: _Toc457995689]Neo-Carbon energy system and African countries
The necessity to have emissions-free energy systems in place by 2050 (IPCC 2014b) opens up three less discussed issues for energy planning, business and policy-making. First, if the future energy system is to be emissions-free, only carbon neutral energy production can be allowed. Second, these principles need to be designed now, because infrastructure investments are only costly and induce path dependence for several decades. Third, these pressures may shape future investment behaviour and risk, which calls for a re-evaluation of policies and strategy.

[Insert Figure 1 here]

From a technological perspective, three main alternatives for low-carbon energy production can be distinguished: nuclear energy, fossil fuels with carbon capture and storage (CCS), and renewable energy technologies (Figure 1). Nuclear energy, recently investigated by African governments, but has been undermined by a negative learning rate (Grubler 2010) and public resistance. Carbon capture and storage (CCS) technologies remain contested because of costs, storage risks (as with nuclear) and its potential CO2 emissions (Meadowcroft and Langhelle 2009). Therefore, renewable energy technologies are expected to play an increasingly important role in the future energy system. The prospects for renewable energy based solutions have improved (Breyer et al. 2017). Recent research suggests that a future energy system, based on solar and wind, could provide carbon-free power at up to 50 % lower generation costs than new nuclear and CCS, and that a reliable power system based on wind, solar and sustainable gas balancing would be 20 % less costly than a system of new nuclear power plants combined with gas (Agora Energiewende 2014). This invites on-grid integration (P. D. Lund et al. 2015) and novel off-grid solutions (Mandelli et al. 2016) from renewable energy. 
[Insert Figure 2 here]
There is a growing body of literature on a 100% renewable energy based energy system (H. Lund 2016; Henning and Palzer 2014; Palzer and Henning 2014; Connolly and Mathiesen 2014). One set of principles is outlined by a so-called neo-carbon energy system (Figure 2). In the neo-carbon energy system, mainly solar and wind are used, and they are complemented with other renewable energies, in particular hydro and biomass to produce electricity[footnoteRef:2]. The intermittency of solar and wind is supported and managed by existing dams, energy storages or a smart grid. The system is neo-carbon, as carbon dioxide from the air can be used as a source carbon through carbon capture and utilization (CCU), where carbon is used in a fully re-circular manner (unlike in fossil based CCS), which makes the entire system carbon-neutral. These “Power-to-X” technologies are chemical processes that act as bridging technologies, which can be applied for multiple purposes such as transforming power into synthetic materials, chemicals and fuels (Barbosa et al. 2017; Dimitriou et al. 2015; Elder, Cumming, and Mogensen 2015; Tsupari, Kärki, and Vakkilainen 2016). If electricity generated from renewables is converted through power-to-X into various energy products, fossil fuels could be fully substituted. As a whole, this has the potential to radically change the future energy system to emissions-free, efficient, low-cost and sustainable (Breyer et al. 2017, 2015; Bogdanov and Breyer 2016; Barbosa et al. 2017; Fasihi, Bogdanov, and Breyer 2016, 2017; Sterner 2009).  [2:  This paper is part of Neo-Carbon Energy project, a strategic research opening of Tekes – The Finnish Funding Agency for Innovation, in which a new renewables-based energy production and storage system is being developed by VTT Technical Research Centre of Finland, Lappeenranta University of Technology (LUT) and the University of Turku, Finland Futures Research Centre. For more information: www.neocarbonenergy.fi ] 

Anticipating the potential uptake of such a system is highly relevant for African countries. Solar may emerge as the dominant source of electricity in Sub-Saharan Africa, as solar photovoltaics (PV) in many African countries produce on average twice as much electricity as a similar PV system in Central Europe (Abubakar Mas’ud et al. 2016; IRENA 2016b). Solar is already providing linkages to services such as a retail shop, mobile phone charging station, renting lanterns, a barber shop for hair-cutting, and even TV, video, or IT services (Muchunku et al. 2014). Up until now, the notion of ‘leapfrogging’ (UNEP 2011; Victor and Jackson 2012; Zhang 2014; The Economist 2015; Levin and Thomas 2016) has lacked a robust technological, energy modelling and economic basis. A renewables-based energy solution, with high shares of solar and wind, may emerge as the most cost-efficient option for African countries. Solar and wind could jointly drive a shift to power in the gas, desalination, heat and mobility sector (Barasa et al. 2016). In such a future, the challenge of African countries would be to achieve broad-based economic benefits (also in rural areas), ensure access to capital, minimize financial risks, and reduce not only the technological, but also the innovation gap to today’s technological forerunners such as Germany, the US or China.



[bookmark: _Ref452424146][bookmark: _Toc457995690]Material and methods
This paper uses findings from the foresight part of the Neo-Carbon Energy research project on socio-cultural and energy futures. At first, horizon scanning was conducted and weak signals collected on the global societal and energy landscape. This was supported by a literature review. Then, megatrends, trends, and drivers were identified and analysed. In a scenario-building exercise, three key issues were identified as a basis for four transformative scenarios (Dator 2009) of alternative futures in the year 2050 radically different from today’s society and economy. Societally, people are increasingly peer-to-peer connected throughout the world, owing to the ICT revolution, mitigating the digital divide (Ruotsalainen et al. 2016). A growing ecological consciousness is driving citizens’ aspirations towards renewable energy. In all of the long-term scenarios, the neo-carbon energy system is assumed to be taken into use. This future energy system would also be more decentralized than the current one.
In the Radical Startups scenario, the economy is driven by a multitude of small-scale startups that are known for their “radical” values and ecological approaches. In the Value-driven Techemoths scenario, the peer-to-peer ethos is manifested especially inside technology giants, so-called “techemoths” that invest in ambitious energy and technology projects. Here, markets are assumed to take care of environmental issues. In the Green DIY Engineers scenario, engineer-minded citizens have organised themselves as local communities to survive. The world faces an ecological collapse as countries have failed to escape the fossil fuel economy. In the New Consciousness scenario, an ecological crisis, ubiquitous ICTs, and rising insecurity give birth to an entirely new kind of worldview, in which deep ecological values become a norm. People are deeply intertwined with other humans and conceive themselves as parts of nature. (Heinonen, Karjalainen, and Ruotsalainen 2016.) 
Scenarios can be considered as test-beds as an interactive process that is deepened and enhanced throughout the research (Heinonen et al. 2017). These scenario narratives describe a transformation, which can be reflected on individual case countries. Kenya was chosen as a case country because it has high potential for renewable energy and its energy demand is growing (Newell et al. 2014; Naess et al. 2015). To examine the relevance of the scenarios further, weak signals were collected from Kenya. The case studies presented in this paper were then selected based on their societal significance. They have been described based on publicly documented information such as press releases, newspaper articles and project documents. To provide context, this article draws on previous energy-development research (Luukkanen et al. 2015; Karjalainen et al. 2014)[footnoteRef:3], semi-structured and open-ended interviews (n=18 in Kenya) and a futures workshop in Nairobi in autumn 2015 with 20 experts who had a background in energy, technology, policy and/or entrepreneurship. [3:  “Kenya and Tanzania Beyond 2015: Exploring domestic debates and envisioning development futures” research project, commissioned by the Ministry for Foreign Affairs of Finland, focused on the post-MDG agenda, energy and natural resource governance.] 




[bookmark: _Toc457995691]Kenya – renewable energy landscape and innovation ecosystem
[bookmark: _Toc457995692]Kenya – middle-income aspirations and renewable energy
Kenya's Vision 2030, the national economic development blueprint, aspires the country to become a developed economy. The population in Kenya, now at 45 million may double by 2050 (UN 2015). Agriculture and manufacturing are stagnant, and only 75 000 formal jobs are created a year. Most new jobs emerge in low productivity segments of trade, hospitality, and the “jua kali” economy of entrepreneurs and small and medium sized enterprises (SMEs) of the informal sector. Job creation for a growing youth population, reducing corruption, and growth for exports need attention (Bogoev et al. 2016; Kuo 2016). China has become also Kenya’s important finance, project and trade partner (Wekesa 2013). Large-scale investment in renewables in the 2010s has targeted geothermal energy and onshore wind (IRENA 2015).

[Insert Figure 3 here]

Electrification is advancing, but perhaps less than 40% of households are grid-connected: in urban areas 51%, and in rural areas–where households use indigenous biomass for cooking–at 4% (Reegle 2016) (Figure 3). Table 1 describes the country’s installed renewable energy capacity, at 1 567 MW. Kenya’s solar energy potential is high, as the average daily insolation is 4-6kWh/m2. Solar PV capacity in Kenya increased from 15 megawatts (MW) in 2010 to 60 MW in 2014. The solar energy niche has evolved through experimentation (donors, private sector, non-governmental organisations, certain government initiatives), becoming increasingly private-sector led. Over time, 300 000 solar home systems, and more recently, more than 3 million solar lanterns have been sold, with emerging interest in mini-grids and large-scale, grid-connected solar power plants (Hansen, Pedersen, and Nygaard 2015; Byrne and Mbeva 2017). Solar water heating systems are required in houses that use daily more than 100 litres of water. In 2015, investors from China and Kenya opened a technology transfer and training centre near Nairobi for the assembly of solar lighting systems. Average wind speeds in the country are 3-10m/s, the wind energy potential is high especially in northern and eastern Kenya, over 1 GW could be reached (GIZ 2015). Wind energy capacity has remained modest (19 MW), but increases significantly, once 310 MW Lake Turkana Wind Project (LTWP) is completed. Medium-sized wind projects await in the pipeline. Despite incoherent and weak innovation networks in Kenya, there are local companies that deliver stand-alone wind systems (Kamp and Vanheule 2015).

Geothermal resources within the Rift Valley have an estimated potential of 7 GW-10 GW over 14 prospective sites suitable for baseload electricity generation. In eight years, the geothermal capacity has reached (at least) 600 MW. Geothermal Development Company (GDC), a parastatal of the government of Kenya, coordinates investment to the sector. Most traditional capacity is large hydropower vulnerable to rainfall fluctuations and droughts. Studies for pico- and small-scale hydropower solutions have been conducted. Biomass density in Kenya is moderate. Traditional biomass is used extensively, but the share of ‘modern’ bioenergy is modest (IRENA 2015). The government has identified the potential for power generation in forestry and agro-industry residues such as bagasse (FUAS 2014). Biogas technology is recognized, but in a recent study, the diffusion of household biogas systems was found slow compared to Rwanda (Tigabu, Berkhout, and van Beukering 2015). 

[Insert Table 1 here]
Key sector regulations include Sessional Paper No. 4, 2004 on Energy, the Energy Act 2006, Rural Electrification Master Plan, and the Kenya National Climate Change Response Strategy. Through power sector reform, Kenya has been supported by a RE policy environment and development model where independent power producers (IPPs) supply additional capacity through power purchase agreements (PPAs) (Disenyana 2009; Kapika and Eberhard 2013). Feed-in-Tariffs since 2008, revised in 2010 and 2012, for off-grid and on-grid solar, wind, biomass, small hydro, geothermal, biomass, and biogas have provided investment security and market stability for RE. There are several standards and guidelines on renewable energy technologies. The government has had limited interest in off-grid generation. The Least Cost Power Development Plan 2011-2031 (LCPDP)[footnoteRef:4], Kenya’s long-term power system plan has cited cost information from 2005 and failed to anticipate a fall in the prices of solar photovoltaics (PV) (Rose, Stoner, and Pérez-Arriaga 2016).  [4:  LCPDP 2011-2031 envisions Kenya to build new capacity with 5,110 MW from geothermal, 1,039 MW from hydro, 2,036 MW from wind, 3,615 MW from thermal, 2,000 MW from imports, 2,420 MW from coal and 3,000 MW from other sources. ] 

With the enactment of the 2010 Constitution, a process of devolution distributes power from the central government to 47 counties, which may enhance the uptake of renewable energy solutions in counties (Constitution of Kenya 2010). The Institute of Economic Affairs of Kenya 2014 energy scenarios promote renewable energy, but do not mention value addition or job effects (IEA-Kenya 2015). The government has proposed a novel approach in the Energy Act of 2015 and National Energy and Petroleum Policy[footnoteRef:5], to be revised every five years. The 2015 revisions propose international partners to provide a Local Content Plan also for renewable energy (GoK 2015). Kenya has explored moving into an auction-based system for solar energy. [5:  Also: the Local Content Regulations, the Petroleum (Exploration, Development and Production) Bill, Public Private Partnerships Act (Act No. 15 of 2013)] 






[bookmark: _Toc457995693]Innovation ecosystem of Kenya
Mobile technology has penetrated Kenya in the 2000s. After mobile phones were introduced, a transformative mobile banking system, M-PESA, was launched in 2007 to open financial services into a predominantly cash economy (Onsongo and Schot 2017). The Ushahidi app, which allows users to crowdsource crisis information to be sent via mobile phone, was developed as a response to post-election violence in 2008, and converged IT with the principles of democracy. In the 2010s, innovation hubs and technology spaces have mushroomed and expanded Kenya’s technology ecosystem. Companies and individuals in Kenya outperform universities and public research institutes in the filing and obtaining IP grants in patents, utility models and industrial designs (Bolo, Odongo, and Awino 2014).  In many innovation measures, Kenya outperforms its African peers. 50% of Kenyan product innovations emerge from within the country compared to only 6.8% in the rest of the Africa (NPCA 2014).
According to the Ministry of Education, Science and Technology that leads Kenya’s Science, Technology and Innovation (STI) policy, to drive industrial transformation, Kenya requires continuously enhanced modern skills and competences to move from a “factor driven” model of economic development to one that is knowledge-based and “innovation driven”. In order to achieve this, a national innovation ecosystem has recently been called upon (UNIDO 2015). Current innovation challenges, identified in Kenya National System of Innovation Survey (KNSI), include a fragmented STI sector where connectivity between key actors is fragile; poor research-business linkages; inadequate funding (of which almost half is foreign); and lack of STI advocacy at high political and policy level. Firms seeking to innovate are often constrained by knowledge factors (such as lack of qualified personnel and difficulty in finding co-operative partners), financial reasons (lack of funds within a company, lack of external finance, too high innovation costs), economic risks that are perceived too high, and market factors (NPCA 2014). Between 2008 and 2011, Kenya used 0.98% of its GDP on research and experimental development, one of the highest figures in Africa. Leading industrialized countries with more robust economies may invest 2% or more of their GDP to R&D, a target now proposed in Kenya’s Science, Technology and Innovation Act (2013). 
Kenya’s government has prioritized mega-projects that attract foreign direct investment over human capital investments. The government has invested in Konza City, a high-profile initiative promoted as "a sustainable, world-class technology hub", 37 miles from Nairobi. In 2013, the newly elected Jubilee government promised to deliver each primary school student in standard one level a laptop. The cost of the intervention forced the government to abandon the plan. Critics fear that quick win promises are fantasies that are being "dropped from the sky" that will struggle to last (Ndii 2014; Ndemo 2014). Meanwhile, a chronically underfunded educational sector continues to undermine teaching and educational results. It is likely that these contestations of top-down and bottom-up driven approaches to development and innovation will ensue.
  

[bookmark: _Toc457995694]Innovation potential towards a neo-carbon powered Kenya – four case studies
The following four cases were selected as prominent or emerging approaches to scale up renewable energy or innovation in Kenya in the early 2010s. Their activities can also be seen to represent the current ‘direction’ of a potential transition towards a neo-carbon-powered society.
[bookmark: _Ref445992616][bookmark: _Toc457995695]Lake Turkana Wind Power Project (LTWP) – clean electricity to the national grid
A 310-megawatt Lake Turkana Wind Power Project (LTWP) is located in Loyangalani district, Marsabit County in north-western Kenya outside the national grid. There has been no electricity except for diesel generators and even acquiring a kerosene lamp can be difficult. This area, however, has average wind speed up to 11.5m/s, which makes it a highly favourable wind site. Kenya Power and Lighting Company (KPLC) entered into a long-term power purchase agreement to purchase the power generated at LTWP at a fixed price over a 20-year period. The cost of wind-generated electricity will be only half of diesel generation. The electricity grid will balance wind power fluctuations. LTWP, led by Dutch experts, has taken years of planning, and required convincing initially sceptical investors and decision-makers. Upon completion, LTWP enables a significant share of national electricity to be produced with renewable energy. LTWP is expected to remove 736,615 metric tonnes CO2eq per annum, as the largest wind farm in the entire African continent.
Danish wind energy company Vestas supplies wind turbines for LTWP and provides plant maintenance services for an initial ten-year period. Siemens was awarded the contract for the construction of electrical collection network and substations. Netherlands-based KEMA was engaged as the engineering consultant for the transmission project. Spanish company Isolux Corsán won the engineering, procurement, construction and commissioning (EPC) contract for the construction of the 428-km transmission line. LTWP commissioned Norwegian DNV GL to engineer the electrical network connections. At 70 billion Kenya shillings (€625 million), it is the largest single private investment in Kenya’s history. Aldwych International, based in the UK, is the largest investor with a 30.7 per cent stake. In 2015, Google acquired a 12.5 per cent stake for Sh4 billion (€35 million) from Vestas (Otuki 2016).

The Environmental and Social Impact Assessment and related plans describe the project’s impacts (LTWP 2008; AfDB 2011). The project creates local employment and other socio-economic benefits include boreholes, a health centre, and a school for the villagers. Wildlife is also protected. A 200-kilometre road is constructed because of the project’s remoteness. A small village had to be removed from the way of the wind farm. When authorities leased land to LTWP under a 33-year term, renewable up to 99 years (LTWP 2016), local nomadic groups accused LTWP, the county government, the National Government and the National Land Commission of violating their rights to ancestral “trust land”. They project is blamed of lack of initial public participation, and the community consultations have been denounced as co-optation of local elites. Tensions between local ethnic groups have surfaced.

[bookmark: _Toc457995696]M-KOPA Solar – innovation in the financing model
M-KOPA Solar (or M-KOPA), founded in 2011, aims to sell solar power systems to low-income customers to replace kerosene lamps. In its first three years M-KOPA attracted 250 000 customers. A customer only needs a phone number and an ID number. The company kit, with a two-year warranty, consists of a solar panel, two LED bulbs, an LED flashlight, a rechargeable radio, adaptors for mobile phone charging, and 8 W battery promised to last (at least) four years. A customer can make a down payment using the M-Pesa mobile money system, and the SIM card sends a signal to activate a panel-powered battery. A control box with a battery and a SIM card communicates with M-KOPA headquarters in Nairobi. The company can collect data to tell when the sun is shining, if a solar panel has been mounted on the wrong side of a roof or needs to be cleaned. (Faris 2015). M-KOPA has a technical, distribution and marketing partnership with the telecommunications operator Safaricom. Its investors include venture capitalists, foundations and aid agencies.
The key innovation, winner of numerous international awards, is the financing model. Kopa means “to borrow” in Swahili. A client pays USD 35 upfront, and then daily around 0.45cnt in instalments for a year, after which they own the system. This removes the high initial cost of renewable energy, which has been a long-standing problem in the RE industry. The repayment rate for the solar system is 93 percent and for secondary products 98 percent. (Faris 2015). In aftersales, the company also provides linkages to its clients with other “green” business models: a fuel-efficient stove to spare charcoal, a bicycle to cut transportation costs, a tank to store rainwater, smartphones, and loans to pay for school fees. The company has later introduced a 20 W kit with an extra battery and a small digital television.
M-KOPA employs about 700 people in three East African countries, along with 1 500 sales agents on commission. As an ‘inclusive business’ (Prahalad and Hart 2002), M-KOPA converges decentralized IT and renewable energy, in line with the energy visions of Rifkin (2011). Such service models are seen as an increasingly promising strategy for the diffusion of distributed renewable energy (Bacchetti, Vezzoli, and Landoni 2016). Despite aiming to address those who live on less than $2 a day, the business model may not reach ‘the very poorest of the poor’ (Lighting Global and BNEF 2016). Others criticise the very idea of making a profit on ‘the poor’. Since inception, competition from other companies has emerged in the Kenyan pay-as-you-go segment (Rolffs, Ockwell, and Byrne 2015). 
[bookmark: _Toc457995697]Hardware hubs – future platforms for renewable energy innovation?
A newcomer in Kenya’s innovation space are hardware hubs. Gearbox calls itself Nairobi’s first makerspace for rapid open prototyping and it also hosts renewable energy startups, such as Strauss Energy (building integrated photovoltaics) and Village Industrial Power (using agricultural waste as fuel). In 2016, Gearbox organised a hackathon on designing sustainable pico-solar lamps with the University of Edinburgh. Gearbox has been supported by a number of Western private foundations and corporate sponsors. In 2017, Gearbox was planning a move to a larger facility with rental office and co-working spaces alongside fabrication and prototyping labs to handle large, industrial-scale projects.
IT and software hubs have been characterized as an integral part of Kenya becoming a world-recognized innovation node. Since 2010, iHub in Nairobi has been a pioneering technology and innovation hub, part co-working, part community space. Nailab opened the same year, m:lab East Africa in 2011, and C4Dlabs in 2013. Other recognized hubs in 2015 included (at least) Startup Garage, Growth Hub, The Nest, Pawa 254, Swahili Box and Lake Hub. As a result, an increasing number of incubation opportunities exists in Nairobi and elsewhere in Kenya for early stage companies in terms of co-working, services, contacts and linkages to funds, investors and organizations (Kanja 2016). 
In its early years, Kenya’s IT and technology-oriented startup ecosystem focused on product commercialisation. “Living labs” and makerspaces seek to leverage the innovation of various actors through interdisciplinary collaboration (Hooli, Jauhiainen, and Lähde 2016; Peppler, Halverson, and Kafai 2016). Social entrepreneurship is viewed as a potential solution to ecological and social challenges, and has gained traction through new ‘green’ applications, some of which have already proved transformative, and attracted Western venture capitalists. Critics fear of hype in the expense of building sustainable business models, the difficulty of scaling up, limited management know-how, and reliance on financing from NGOs. Memberships fees to innovation hubs may also be prohibitive for low-income groups. 
[bookmark: _Toc457995698]Corporate social responsibility (CSR) – a contested face of solar philantrophy
In July 2015, President Obama visited Nairobi at the Global Entrepreneurship Summit “featured on prime time television for millions of Americans” (Jackson 2016). Following the summit, Canadian SkyPower, amongst the world’s largest developers and owners of utility-scale solar photovoltaic (PV) energy projects announced a USD 2 billion deal to build and develop 1 GW of solar energy projects in Kenya. SkyPower also promised to create more than 25 000 total job years in Kenya, 200 MW of fabrication and assembly facilities, and USD 173 million in education, training, and R&D. A sponsor to the summit, SkyPower CEO Kerry Adler and the Kenya’s Ministry of Energy and Petroleum’s Cabinet Secretary suggested that the deal would drive the country’s renewable energy industry for “sustainable electrification”. 
A less featured part of the deal was the company’s announcement to donate 2 million free solar lighting and charging kits. Strong reactions emerged from the Global Off-Grid Lighting Association (GOGLA), International Finance Corporation (IFC) and the Kenyan solar industry. All are wary of a foreign solar giant ‘dumping’ its products, and view that it could ‘kill’ Kenya’s nascent solar market. In defence, SkyPower, claims that the market approach is too slow. SkyPower, in collaboration with Plan International, a large international children’s aid agency, announced a five-year plan to ‘gift’ solar products in regions with low electricity and high poverty. Communities are ‘carefully targeted’ to ensure the products reach the ‘ultra-poor’. Local primary schools will serve as the main point of distribution, management teams are set up, a Community Development Fund collects contributions for kit maintenance, and young people are trained in solar kit repair services (SkyPower Global 2015, 2016).
Such issues have long puzzled development experts. A philantrophic approach is associated with a long history of misguided aid projects that justify themselves with lifting Africa from poverty (Leber 2016). This approach, too, is related to contestations how to make markets ‘genuinely’ work for the poor. Private sector actors have been called to be conscious of their role as ‘development agents’ beyond corporate social responsibility (CSR) (Newell and Frynas 2007). Even when seemingly solving a social problem, the private sector may create value primarily for its owners, or more broadly. Blowfield and Dolan (2014) take a broader notion of corporate citizenship, and suggest that companies’ actions should be evaluated in terms of exclusion, the role of capital assets, benefits, and beneficiaries.


 




[bookmark: _Toc457995699]Discussion
We suggest that renewable energy approaches, beyond their stated aim, may hold elements, to varying degrees, of deliberative foresight, transformative potential, sustainability, and innovation ecosystems thinking. 
[bookmark: _Toc457995701]Four-dimensional assessment of RE approaches and projects 
We can attempt to think how an ‘ideal’ innovation process could, in theory, look like. To do this, we introduce a four-dimensional, theory-driven model that assesses i) deliberative foresight, ii) transformative potential, iii) sustainability (across ecological, social, economic and cultural dimensions), and iv) innovation ecosystems thinking. To provoke the reader, as authors, we have given scores to the approaches across four dimensions, where 0 p = dissatisfactory, 0.5 p = limited, 1.0p = moderate, 1.5 p = very good, 2 p = excellent (Figure 4, see Appendix 1). The model aims to conceptualise to what extent and how these case studies drive or hinder the development of a future innovation ecosystem in renewable energy.
[Insert Figure 4 here]
[bookmark: _Toc457995702]Deliberative foresight – an enabling catalyst
Lake Turkana Wind Power Project (1 p) is visionary foresight through opportunity recognition. However, despite large potential benefits, a successful deliberative process would have ensured all affected communities’ rights are met beyond formal consultation. While assessing a private sector actor is challenging, we may argue that after a market need was identified, M-KOPA Solar had to adjust its business model and gain deep understanding of customer behaviour, needs and financial capabilities (1.5 p). Innovation and technology hubs now also cater for hardware (1 p). An open ‘futures-oriented hub for all’ could be a structured platform for deliberative foresight. Donating solar lanterns in large volumes is visionary, to some extent, but seems pre-defined in its approach to those affected (0.5 p).
[bookmark: _Toc457995703]Transformative potential – seizing the opportunity
M-KOPA Solar’s (2 p) business model, argued to resemble ‘leapfrogging’, has been viewed as a transformative innovation. When it launched in 2012, the convergence of decentralized renewables, ICTs and mobile banking in an affordable way was very innovative. The model is now broadly imitated. LTWP as a large-scale wind farm (1.5 p) and the largest on the continent is an industrial-scale promise. The project has overcome historic assumptions to show that RE can provide high shares of electricity. As a centralized power plant, there are potential trade-offs at least with the lifestyles of nomadic communities. Innovation and technology hubs (1 p) can be platforms for transformation, although not all startups solve ecological and social issues, or focus on RE. In a country with a history of aid dependence (Amutabi 2006), donating large quantities of solar products, even if it addresses ‘the poorest’, may prove to be counterproductive (0.5 p).
[bookmark: _Toc457995704]Sustainability – a basis of continuous action
Sustainability is a combination of (at least) ecological, social, economic and cultural dimensions, based on which we score: M-KOPA (1.5 p), LTWP (1 p), hardware hubs (1 p), and SkyPower and its philantrophy (0.5 p). Ecologically, exact calculations are beyond our ability. All energy technologies have environmental impacts, but renewables argued to have less than fossil fuels. In all four cases, the ecological footprints are shaped by the business and project model, practices and routines. Used components and electronics induce CO2 and other emissions. Large-scale wind or solar farms use land. Socio-economically, in spite of multiple benefits, resistance to LTWP results from the wish of nomadic groups to protect their lifestyles. A project’s legitimacy may be contested in countries where land is valued. In Kenya, politics and economy are intertwined with power, ethnicity, neo-patrimonialism, 'tribalism', and patronage (Hornsby 2012; Lonsdale 1992). SkyPower promises access, local benefits, employment and training, but an ‘aid’ approach has a danger of omitting expectation management. Economically, large investors (e.g. international funds or development banks) financed LTWP, M-KOPA raised private and public R&D capital, innovation hubs rely on foreign financing, and SkyPower uses an aid approach. Cultural preservation could be an issue in all four cases. New technologies tend to modify users’ behaviour and localities (Hawkes 2001). Measuring such changes would require more detailed study. 
[bookmark: _Toc457995705]Innovation ecosystem – learning aspects, inclusiveness and policy support 
Innovation hubs and makerspaces (1.5 p) can stimulate exchange of ideas and open collaboration (Kohtala 2016; Peppler, Halverson, and Kafai 2016). However, participation may mirror the structure of the society and its networks. Innovation by corporations, even when it is user-centred (M-KOPA conducted three pilots), is typically closed (1 p). Companies are, however, increasingly benefiting from open innovation (Chesbrough 2003; Chesbrough, Vanhaverbeke, and West 2014). Projects also carry technical learning opportunities in the installation phase, albeit typically in low skill levels. LTWP’s maintenance is initially supplied by the foreign firm, which may delay skills development (0.5 p). SkyPower’s initiative has contradicting elements. Knowledge spill-overs from product handouts seems speculative, and the entire framework could hinder local market development. However, a training approach, if systematic, may create learning (0.5 p).
Four case studies through the lens of transformative neo-carbon scenarios 2050 
When we position the four approaches into the neo-carbon energy scenarios 2050, the following conclusions can be drawn (Figure 5). Had Lake Turkana Wind Power (3.5 p / 8 p) project not failed in its deliberative process with the local community, and had more local actors in the value chain, it could fit a scenario of ‘New Consciousness’, an interconnected world, in which wind farms supply electricity to the national grid, and clean energy is abundant. M-KOPA Solar (6 p / 8 p) resembles a ‘Radical Startup’ of the 2010s that is almost becoming a ‘techemoth’. Founded by established entrepreneurs with a robust technology background, it is perhaps the most transformative of the four cases. SkyPower’s (2 p / 8 p) potential as a technology giant is contested. It prides in being a value-driven ‘Techemoth’ that provides jobs, training and learning. Others see its approach misinformed, or even dangerous. Both claims are yet to be verified, and a higher (or lower) score may be possible in the future. Hardware hubs (5 p / 8 p) can cater for a ‘Green DIY’ type of mentality for those with an innovation appetite for clean technologies. They invite do-it-yourself actors to realize their dreams and can build networks useful in the future.
[Insert Figure 5 here]
[bookmark: _Toc457995706]Prospects and the way forward for a neo-carbon innovation ecosystem
Radical innovation can bring higher value-added economic returns (Ockwell and Byrne 2015). The wind sector niche is not mature, whereas the solar PV market in Kenya, despite mainly overseas import in hardware, is full of innovative activities, driven by the private sector, donors, and NGOs over several decades, that have created the conditions for the market’s current success (Ockwell and Byrne 2014). In Bangladesh and China, vocational training provided skilled workforce to develop solar PV industries (Perrot 2015). Historically, educational and STI policies and related curriculum in secondary and tertiary education have built up technical and entrepreneurial skills. The Silicon Savannah ethos in Kenya was inspired by circumstance, coincidence, visionary individuals, mobile money, a crowdsourcing app, Africa’s tech incubator model; and a government commitment to ICT policy (Bright and Hruby 2015). Software and hardware are not analogous, but they could benefit from similar types of innovation principles. As the country’s innovation ecosystem for renewable energy develops, open and inclusive innovation inside Kenya might generate positive outcomes. Neo-carbon related chemistry (Fasihi, Bogdanov, and Breyer 2016) may require incremental skills development and a long-term focus. 
In innovation collaboration, knowledge is power and power affects knowledge (Melber 2015). Previous research has found a lack of attention to the nature and timing of government and donor support, processes of learning and upgrading in local PV industries in Kenya (Hansen, Pedersen, and Nygaard 2015). In the approaches depicted in this paper, technology, key staff, business model design, and/or financing were foreign-driven. In this sense, the cases seem to support a hypothesis that in order to be in charge of the economic opportunities from renewable energy, Kenyan actors need to strengthen their own innovation efforts. However, until now, political support has been limited. Effective innovation requires policy-makers and planners to understand power structures, institutional dynamics and technologies to support entrepreneurship with policies, measures, enabling systems and institutions, with sharp instruments (such as balanced use of localization policy) as well as partnerships that empower innovators (Adesida and Karuri-Sebina 2013). 

Our paper hints that deliberative foresight combined with active innovation ecosystems building could yield multiple benefits. These may include growing ownership, value creation and retention, and broader benefit-sharing from innovation efforts. With more investment in knowledge inputs, innovations themselves might become more innovative and transformational (Cirera 2015). Our work suggests that to tackle complex problems for a genuine transformation (Wiek and Lang 2016), actions have to be evidence-based, creative, futures-oriented, collaborative and contextual, meaning inclusive of the grassroots (Hossain 2016; Smith, Fressoli, and Thomas 2014). And, they have to be, of course, sustainable. These are, perhaps, some of the necessary steps for ‘deep transformations’ in sociotechnical systems.




[bookmark: _Toc457995707]Conclusions

In this paper, we have explored the prerequisites to move towards a 100% renewable energy system for Kenya, which has robust renewable energy potential and experience of diverse modes of international collaboration. We introduced the idea where deliberative foresight is combined with innovation ecosystems thinking (Bergek et al. 2008, 2015; Byrne and Ockwell 2013; Ockwell and Byrne 2015), and innovating with those affected. We specifically argue that futures thinking is intrinsically connected and beneficial for innovation. As another novel contribution, this paper describes a set of technological principles for an energy system based on renewable energy. The neo-carbon energy system is based on wind, solar and sustainable gas balancing, and the use of carbon dioxide from the air in a re-circular manner to make the system carbon neutral. In the long-term, if taken into use, such a solution has been suggested to bring forth entirely new industrial structures.

We considered four renewable energy projects and approaches of the early 2010s in Kenya not only to reflect the country’s energy landscape, but as echoes of a potentially ‘ideal’ innovation ecosystem. To assess them systematically, we introduced a conceptual model that consists of four components: deliberative foresight, transformative potential, sustainability, and innovation ecosystems. Comparing them opened up overlapping strengths and potential weaknesses. Methodologically, such evaluation could in the future be elaborated further, or complemented with ‘objective’ feedback from citizens as well as experts. In terms of limitations, some of the benefits or drawbacks are known only after a considerable period of time, which is why the knowledge creation explored in these approaches is somewhat theoretical. Through our transformative scenarios, we were able to place the approaches into the future, against alternative socio-cultural landscapes, where 100% renewable energy is used. 

So, will African countries get an opportunity to “climb up the ladder” (Chang 2002)? If Africa wishes to ‘run’ (Mkandawire 2011), hybrid approaches to collaboration, diffusion, knowledge production, social networks and development may be more beneficial than passive adoption strategies to technology. Certain countries may act as forerunners, but all should ensure collaborative frameworks include knowledge and network components for systemic innovation, even when starting from a different base. Different renewable energy resources, geographies, and the sectoral dynamics of renewable energy and ICT may also shape knowledge-sharing patterns. Finally, when introducing future-oriented technologies, they could be coupled with indigenous knowledge production, which is contextual and reflexive of social and cultural influences (Ynalvez and Shrum 2015). Our hope is that these insights on Kenya can support also other countries’ efforts, as they seek to build their carbon neutral energy systems. It is an aspiration for increasingly diverse future innovation pathways to emerge in the future.
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Figure Captions
Figure 1. Three alternatives of low-carbon energy production: nuclear (bottom left), carbon capture and storage, CCS (top) or solar, wind, biomass and hydro (bottom right) (Breyer and Vainikka 2015).
Figure 2. Principles of the Neo-Carbon Energy System (Breyer and Vainikka 2015).
Figure 3. National electricity grid of Kenya (Kapika and Eberhard 2013).
Figure 4. Four-dimensional assessment of renewable energy approaches and projects.
Figure 5. Transformative Neo-Carbon Energy scenarios 2050 and the four renewable energy case studies.
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