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Abstract 

Sustainable development requires harnessing technological innovation to improve human well-being in 
current and future generations. However, poor, marginalized, and unborn populations too often lack the 
economic or political power to shape innovation processes to meet their needs. Issues arise at all stages of 
innovation, from invention of a technology through its selection, production, adaptation, adoption, and 
retirement. Three insights should inform efforts to intervene in innovation systems for sustainable 
development. First, innovation is not a linear process but rather a complex adaptive system involving 
many actors and institutions operating simultaneously from local to global levels; interventions must take 
this complexity into account. Second, there has been significant experimentation in mobilizing technology 
for sustainable development in the health, energy, and agriculture sectors, among others, but learning 
from past experience requires structured cross-sectoral comparisons and recognition of the socio-technical 
nature of innovation. Third, the current constellation of rules, norms, and incentives shaping innovation is 
not always aligned towards sustainable development. Past experience demonstrates that it is possible to 
reform these institutions, and the imperative of harnessing innovation for sustainable development makes 
it necessary to do so. Many actors have the power to re-orient innovation systems towards sustainable 
development through research, advocacy, training, convening, policymaking, and financing. We offer 
three proposals to begin: mobilizing global financing to invest in inventing suitable and affordable 
technologies to meet sustainable development objectives; developing measures to engage marginalized 
populations systematically through all stages of the innovation process; and establishing channels for 
regularized learning across domains of practice.   

 

 

Keywords: sustainable development, technology, innovation systems, complex adaptive systems, 
knowledge systems 

 

Significance Statement 

The 2015 UN Sustainable Development Goals and Paris Agreement on climate change heightened global 
attention to sustainable development. Innovation in technologies such as cleaner energy production or 
water-saving agricultural practices will be crucial for meeting these commitments. However, unless we 
change the rules and incentives shaping innovation processes, we will continue to face problems such as 
inadequate investment in research and development for technologies addressing problems that affect the 
poor, products not affordable or suitable for use in low-income settings, or technologies that improve 
well-being today but place an unacceptable burden on future generations. This Perspective identifies the 
fundamental reasons why current innovation systems fall short, what needs to change, and offers several 
proposals to begin making such change.  
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Technological innovation is at the heart of sustainable development. In September 2015, following an 
extensive multi-year negotiation among governments, 193 countries of the United Nations drafted the 
2030 Agenda for Sustainable Development, which makes explicit a set of 17 Sustainable Development 
Goals (SDGs). Innovation in its own right is posited as one of the SDGs (Goal 9) and also as a means to 
achieving the other SDGs1. While technological innovation holds great promise to enable sustainable 
development, it also possesses the potential to erode human well-being. For example, technologies to 
utilize energy from fossil fuels have exacerbated global climate change; agricultural practices that place a 
heavy reliance on pesticides and fertilizers have degraded the long-run productivity of farmland; and the 
widespread use of antimicrobial drugs in animal husbandry has bred resistance that may render these 
drugs ineffective in both livestock and humans. The tremendous capacity of technological innovation to 
positively or negatively affect human well-being places the system of rules and incentives that guide 
technological innovation at the center of the sustainable development challenge.  

Harnessing technological innovation for sustainable development requires a broad view of technology and 
innovation. Technology includes the full range of devices, methods, processes, and practices (2).  
Innovation is a multi-faceted system comprised of targeted goals, the technologies needed to reach those 
goals, the people and organizations who act within the system, and the rules and incentives that shape the 
processes of innovation from invention through the use and eventual retirement of technologies (3–5). In 
parallel with broader globalization trends, innovation systems increasingly operate across decision-
making levels, from local communities to the global arena, involving actors, rules, and norms that cross or 
transcend borders.  

Sustainable development seeks to simultaneously advance inter-generational and intra-generational 
equity, which poses a specific set of challenges for innovation systems beyond those applicable to either 
dimension of equity alone. The existing actors, norms, and policies shaping innovation processes 
perpetuate intra-generational inequity by failing to compensate for the unequal distribution of economic 
and political power around the world, within and between communities and nations. For example, global 
investment in research and development (R&D) to develop medicines for “neglected diseases” is 
inadequate because the developing country populations that would benefit the most from such 
technologies are not well-positioned to incent such investment (6). Inadequate voice to shape innovation 
processes may stem from a lack of political power, poor access to communication networks, or 
insufficient financial resources (7, 8). Further, future generations do not have the political or economic 
power to compel present generations to shape innovation systems to meet inter-generational equity goals.  

The perpetuation of inequities is particularly persistent when mediated over the natural environment (e.g. 
biodiversity loss) and across networks of unequal power (e.g. gender inequality), where market and other 
forms of system failure are pervasive. This is exemplified clearly by the problem of global climate 
change, caused by greenhouse gas emissions that accrue cumulatively and persist for several generations; 
the future generations impacted by current emissions are unable to advocate for changes to present 
behavior. Sustainable development must consider intra-generational equity in the context of inter-
generational equity; improving equity on one dimension may not necessarily advance the other and they 
may in fact conflict (9). Even when technologies that hold great potential for sustainable development 

                                                      
1 The importance of technological innovation is reflected in the frequency with which it appears in the final SDG document: 47 
times for “technology/technological” and 27 times for “innovation/innovative.” (1) 
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become affordable and globally accessible, they may not be suitable to meet needs in the local contexts 
where they could be used (10). 

How should policies and interventions be designed to realize the potential contributions of technology for 
sustainable development? Many questions remain unanswered about where the problems lie, let alone 
what is to be done. What institutional reforms are needed at sub-national, national, and global decision-
making levels? How can different actors working at these levels leverage technologies to effect change on 
implementation on the ground? What approaches are most effective for different types of technologies 
and social contexts?  

Making technologies work for sustainable development will require greater clarity in conceptualizing the 
innovation process itself, in identifying barriers, and in learning from a wealth of past experience. We 
argue that conceptualizing innovation activities, institutions, and actors around the world as a connected 
socio-technical system provides a new lens that leads to such clarity. Understanding technological 
innovation in this way will, in turn, profoundly influence the policies that are put in place, the 
organizations and networks that are built, the technologies that are developed, and ultimately, the 
collective progress that can be made towards sustainable development.  

Three insights from this innovation-system perspective are particularly important in leveraging the 
potential of technology to meet sustainable development goals: understanding innovation as a complex 
adaptive system, understanding the socio-technical nature of innovation systems, and understanding how 
actors shape and are shaped by innovation systems. We argue that actors interested in sustainable 
development—whether scientists conducting early-stage research, donors selecting particular 
technologies for funding, or governments promoting technology cooperation at international through local 
decision-making levels (to name but a few important activities in innovation systems)—will be more 
effective if they incorporate these insights into their frameworks and practices. In the rest of this 
Perspective we explore each of these insights in turn, setting forth general conceptual arguments, drawing 
on the existing theoretical and empirical literature, and illustrating them with a set of common cases 
summarized in Table 1. We conclude with proposals for concrete policy action.  
 
1. Understanding Innovation as a Complex Adaptive System 

The innovation system can be usefully viewed as a complex adaptive system2. The connections across the 
multitude of stages of the innovation process, occurring in multiple sectors and multiple decision-making 
levels make innovation systems complex and adaptive. As we discuss below, many of the general insights 
from the study of complex adaptive systems (15–19) apply to innovation systems. Recognition of the 
complex and adaptive nature of innovation systems is important for understanding how change occurs in 
such systems and how interventions should be designed and implemented to orient innovation towards the 
objectives of sustainable development.  

                                                      
2 There is a significant history of framing the process of technological change as a complex adaptive system (11–13), wherein 
technologies evolve through a process of technological recombination. However, we apply the complex adaptive system 
framework, not only to the process of technological change, but also to the innovation system as a whole, considering 
technologies in their full social context. Thus, our framing more closely mirrors that of Buckley (1968) who applies the complex 
adaptive system framework to society at large (14). 
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In practice, the recognition of innovation as a complex adaptive system is not broadly held, as many 
actors are only engaged in a specific stage of the innovation system. In order to grapple with the task of 
orienting innovation systems to meet sustainable development goals, we examine the implications of three 
complex-adaptive features of innovation systems, namely that: innovation occurs in multiple stages, 
sectors, and decision-making levels; innovation is non-linear; and innovation systems have tipping points.  

1.1. Innovation Occurs in Multiple Stages, Sectors, and Levels 

Innovation happens in multiple stages that are highly linked, often overlap, and do not necessarily occur 
in a specific order. By “stage” we refer to a concept used in the academic literature, sometimes under the 
heading of innovation “mechanisms,” “processes,” or “functions” (20–22). These notions each capture the 
variety of activities that occur to make innovation happen. The types of activities that occur in different 
innovation stages often require different modes of thinking, the engagement of diverse communities of 
actors (e.g. scientists, local governments, and end-users) (4), and leverage many physical and intangible 
resources. Further, innovation stages often occur simultaneously across multiple sectors and are 
coordinated at different levels of organization, from small community niches to multinational governance 
bodies. There are a number of different ways that these stages can be defined; for convenience, we group 
innovation stages into categories of activity: invention (e.g., the process leading to the discovery of how 
to harness a natural phenomenon to remove water pollutants), selection (e.g., the choice of a water 
treatment technology for a particular setting by an international donor), early adoption (e.g., the use of the 
selected water treatment technology in a particular rural community) , production (e.g., the local 
manufacturing of the technology, often according to specific standards), adaptation (e.g., efforts by users 
or inventors to modify the technology to better serve the needs of individual users), widespread use (e.g. 
the broad adoption of the water treatment technology in a sustained manner over many communities of 
users), and retirement (e.g., the replacement of the water-treatment technology by a new, more cost-
effective technology) (23).  

Due to the pervasiveness and depth of linkages across stages, sectors, and decision-making levels in 
innovation systems, intervening in any one part of the innovation system can create “ripple effects” 
throughout the system. Furthermore, innovation in one technology sector can lead to “spillovers” that 
enable more rapid improvements and new application areas in other sectors (24). For example, the global 
positioning system (GPS) was developed for defense applications but has been applied to many other 
uses, including better targeting of disaster relief. The connections between innovation systems and social-
environment systems cannot be simply reduced to  “externalities” that emerge from technological 
innovation and use (25). Instead, technologies emerge from social systems and have a reciprocal effect on 
shaping the social systems from which they emerge (26), as detailed in the discussion of the socio-
technical nature of innovation below. For communities of practice, understanding the overlapping 
linkages of the stages of the innovation process implies that interventions in the innovation system cannot 
be designed or evaluated in isolation. Instead, interventions in the innovation system must also consider 
possible spillover effects (e.g. the impact of local incentives for biofuel development on global food 
prices (27)). 

1.2. Innovation is Non-Linear 

Innovation does not happen linearly, nor is it a random process.  Rather, innovation stages can occur in 
different chronological sequences throughout a technology’s lifecycle. A well-functioning innovation 
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system has deep connections and a degree of co-dependence among the stages, making the innovation 
system non-linear (28). Dynamic technological change nearly always involves a back-and-forth evolution 
through the stages of innovation, unfolding in a chronological order that rarely traces out a linear 
development pathway from invention through adaptation and widespread use.   

”Success” or “failure” in a particular stage of the innovation system is shaped by other innovation stages. 
For example, where infrastructure barriers prevent the effective delivery of clean drinking water through 
centralized systems, ceramic pot filters (CPFs) can be an effective interim solution that enables users to 
treat water in their homes and thereby reduce the incidence of water-borne diseases.  However, some CPF 
distribution programs face adoption challenges that are related to barriers at the production and selection 
stages.  CPFs can be manufactured with local materials and labor, but a lack of quality control during the 
production process can inhibit the scaling up and widespread adoption of CPFs.  Because the fragile 
ceramic pots can break during cleaning or transport, adoption is hindered unless an adequate supply chain 
for replacement parts has been created.  Moreover, “split agency” decision-making—i.e. where NGOs or 
aid agencies select a technology on behalf of the intended users—can stymie adoption of CPFs (see Table 
1).   

To harness the potential of innovation for sustainable development, activities in different stages should be 
mutually supportive of each other, and aligned to meet the needs required of sustainable development. For 
example, efforts to deploy vaccines in resource-poor settings are more likely to be effective if the lack of 
refrigeration in deployment supply chains is anticipated and accounted for when the technology is being 
developed.  

Development of technologies in protected “niche spaces” can allow for important experimentation and 
early-stage user interaction to build in necessary feedback (29, 30). For example, engaging users when 
designing clean biomass cookstoves for Darfur has resulted in fourteen iterations of the stove, leading to 
more sustained adoption and plans to develop cookstoves suitable for use in Ethiopia (31). Scale-up of a 
technology for widespread use requires a deep integration of knowledge from a broader group of users 
and the technology’s supporting environment. Effective development agencies should keep close tabs on 
the wide range of technologies that can serve to address particular goals, as well as on emerging 
technological developments, types of policy interventions, financing arrangements, and local user 
preferences.  

A systems perspective considers the weakness of feedback loops between the different stages of the 
innovation process. Strategies to overcome difficulties in the innovation process (e.g., low adoption of a 
specific technology) require not just a remediation of failures at that particular stage of innovation (e.g., 
high prices), but also interventions that strengthen the alignment of activities in all stages of the 
innovation process. In the context of innovation for sustainable development, failure to recognize the 
weakness of feedback loops is evident in many examples in which unsuitable technologies are selected 
for targeted development initiatives. We observe that outside actors that control funds and are passionate 
about specific issues too often inappropriately select technologies for scale-up. These actors often narrow 
the possible technological solution space without sufficient attention to other stages of the innovation 
process, including matching technologies to the particular needs of end-users in a given social and 
environmental context. The SRI and ceramic pot filter cases illustrate that efforts to promote adoption of a 
technology can be stymied not only by the implementation challenges of increasing adoption of a 
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particular technology but also by efforts made in other stages of innovation (such as invention, selection, 
production or adaptation) (see Table 1). 

1.3. Innovation Systems have Tipping Points 

Like other complex adaptive systems, innovation systems can demonstrate punctuated equilibria whereby 
thresholds create inconsistent bursts of technological explosion3. These “tipping points” in innovation 
systems are exemplified by past innovations, such as the steam engine, high-yield staple crops, 
antibiotics, the printing press, and the Internet. Each example featured rapid utilization, rich follow-on 
innovation, and broad societal change. Tipping points in innovation systems have been referred to as 
technology “regime changes” or “transitions” (33) and are closely related to “paradigm shifts” in the 
domain of scientific and philosophical thought (34). 

The dynamics of innovation systems are characterized by thresholds that create time lags and other forms 
of inconsistent technological evolution. In some cases, innovation systems can become path-dependent or 
“locked-in,” whereby relatively minor changes to initial conditions create persistent effects. Lock-in 
occurs through reciprocal feedback loops, such as the increasing returns to an initially adopted technology 
through continuous adaptation and refinement (35). This poses a challenge often faced by (but not 
exclusive to) new technologies in capital-intensive and infrastructure-dependent sectors. One example is 
the challenge of replacing fossil fuels with  renewable energy, in which scale economies, learning-by-
doing in process technologies, the establishment of infrastructure oriented towards incumbents, and the 
long life of physical capital give economic advantages to incumbent technologies (36).  

Across all technologies, lock-in is possible as innovation systems evolve through self-organized micro-
scale processes, arriving at states heavily dictated by existing power dynamics. This dynamic reinforces 
the positions of those currently in power by biasing innovation towards the preferences of the powerful 
who could lose from changes to the status quo. In these cases, actors with power bias the institutions 
governing actor behavior towards preserving the status quo (as we elaborate later in this Perspective). 
This type of biasing is exemplified in the political lobbying of the fossil fuel and the tobacco industries to 
preserve fossil fuel subsidies and limit tobacco labeling, respectively. The possibility of lock-in suggests 
that innovation systems may reach temporary stable equilibria defining dominant, relatively static 
“technological regimes” (33). Lock-in builds time lags into the innovation system, resisting change until 
tipping points reorient the system. 

In the context of innovation to promote sustainable development, lock-in of underperforming 
technologies slows the diffusion of new technologies that would improve the well-being of those with the 
greatest need. The current self-organized system does not sufficiently account for the preferences of all 
stakeholders (37). The challenge to promote sustainable development is one of designing technologies 
and policy interventions that navigate technological tipping points and break from path-dependence. 
Meeting this challenge includes interventions that accelerate and embrace some technological tipping 
points (e.g. escaping from “poverty traps”), that manage tipping points that have already “tipped” (e.g. 
increasing access to the technological outcomes of the Green Revolution), and that raise barriers so to 
avoid other tipping points altogether (e.g. catastrophic climate change). Conceptualizing innovation 

                                                      
3 Mass species extinctions, the possibility of rapid sea level rise after a certain level of climate warming, and rapid economic 
collapse of the global financial system are examples of  observed and predicted tipping points of complex adaptive systems (32). 
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system change as one of navigating tipping points requires emphasizing the potential for relatively small 
actions that affect conditions at key leverage points to have large impacts. The SDGs reflect the 
inadequacy of current systems to deliver necessary innovation, which is due, in part, to path dependency 
and associated power dynamics.  

2. Understanding the Socio-Technical Nature of Innovation Systems 

Understanding innovation systems requires both social and technical insights. Research in the sociology 
of knowledge and in science and technology studies demonstrates the complex and interwoven 
relationship between technology and society (38). While these disciplines approach the “co-production” 
of knowledge, technology, and society from a constructivist lens, understanding the mutual influence of 
social and technical systems should also inform the ways in which actors in the innovation system can 
most effectively design approaches to harness innovation for sustainable development. To explore the 
implications of this insight, in this section we elaborate on how innovation systems are influenced by their 
socio-technical characteristics (STCs); show how analyzing the STCs of a particular innovation problem 
can serve to diagnose bottlenecks in innovation systems; and propose that awareness of STCs can 
facilitate learning across technologies, sectors and contexts. Together, these implications form the basis 
for an analytic approach to assessing innovation based on STCs that can increase the likelihood of ex-ante 
identification of problems and can help discover overlooked social dimensions within an innovation 
system. This approach can also facilitate learning by advancing understanding of and capacities for 
leveraging the experimentation taking place across various sustainable development arenas (e.g. health, 
energy, agriculture, water and manufacturing). Too often, potential lessons to be learned from this 
experimentation remain siloed in individual practitioner and academic communities despite their potential 
to be usefully compared in terms of their STCs.   

2.1. Technology and Society are Co-Produced   

Societies are both users and producers of technology. This mutually constitutive relationship between 
society and technology is essential to understand in advancing the contributions of technology for 
sustainable development. The relationship between knowledge, technology, and society is elaborated as 
“co-production” in the literature of science and technology studies (39). Co-production is a theoretical 
and analytic concept that facilitates the study of how technology and society influence each other in ways 
that cannot be easily untangled (38, 40, 41). Co-production draws attention to the dynamics operating at 
the nexus of technology and society; in doing so, it recognizes that the design of technologies, as well as 
the innovation processes from which they emerge, reflect—and reproduce—the cultural preferences and 
the economic and political resources of their inventors, selectors, and users. Co-production sheds light 
(for example) on the ways that technological projects and innovation agendas reflect broader social, 
political, and even moral commitments of the societies that undertake them (e.g., why particular actors 
choose to promote particular technologies), and the reasons diverse societies privilege different outcomes 
or forms of evidence relating to risk and benefit over others. For example, in a context where investment 
in high-technology was a state-building strategy, the policies and regulations promoting nuclear power in 
South Korea reflected the country’s leader’s focus on economic development, while in the United States 
the politics of nuclear power focused instead on whether risks to public health and safety and of 
proliferation could be adequately contained (42). While nuclear energy was the technological focus of 
these distinct approaches, these approaches reflect several differences in political and normative 
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relationships, in the ways risks are imagined and regulation is undertaken, and in the manner in which 
technological undertakings figure in shared political imaginations of progress and public benefit. Thus, 
social, legal and political institutions simultaneously shape and are shaped by scientific and technological 
developments (38).  

We take our cue from the rich social-theoretic construct of co-production to frame the importance of 
understanding the socio-technical nature of innovation. We focus here on how actors with agency can 
better understand and intervene in shaping innovation systems. To make innovation work for sustainable 
development, practitioners attempting to address a particular goal must avoid considering technologies 
too narrowly, attending instead to the broader socio-technical context of their work. For example, in the 
context of low-carbon technology transfer, it has been argued that a holistic understanding of economic, 
political, institutional and legal factors is needed (43). The socio-technical context includes actors (e.g., 
inventors, users, firm producers and adopters) (4, 28), institutions (e.g., norms, laws, culture) (3), and 
physical and environmental infrastructure (e.g., roads, ports, electricity grids, irrigation systems, and 
supply chains for various services) (36, 44). Together, this set of contextual considerations and the 
characteristics of technologies themselves can be thought of as the STCs that characterize an innovation 
system at a particular point in time. 

STCs provide fruitful analytic traction to understand and diagnose possible bottlenecks that may emerge 
when attempting to advance sustainable development in particular innovation system contexts. A focus on 
developing insights inductively through cases with shared STCs, rather than insights drawn strictly from 
within sectors (e.g. energy) or for certain actor groups (e.g. donors), has great potential for developing 
deeper knowledge into the generalizable challenges of leveraging innovation for sustainable development. 
However, the broad diversity of STCs across locations and technologies also suggests a needed degree of 
humility. Applying the experiences and policies in one technology or social context without careful 
consideration of STCs may lead to failure in another context. For example, because cooking practices in 
Ethiopia are different from those in South Sudan, promoting the adoption of the same cookstove 
technology in both places may hinder its widespread use, an insight which led an NGO to work on 
adapting the Berkeley Darfur Stove for its use in Ethiopia (see Table 1). 

2.2. Socio-technical Characteristics Diagnose Barriers to Innovation  

STCs can be used analytically to develop inductive hypotheses about general conditions under which 
innovation systems work to meet local needs4. Because STCs are a guiding concept for inductive 
investigation, no comprehensive list of relevant STCs exists. However, their usefulness emerges from the 
ability of scholars and practitioners to incorporate new observations from a variety of different 
geographical, social, and technological contexts (including those outside of advanced industrial 
economies). In some cases, investigating unfamiliar cases with similar STCs may lead actors embedded in 
the practice surrounding one technology to question their own assumptions about the suitability or value 
of specific actions to promote a technology or objective. Here, we present four STCs to demonstrate the 
utility of an STC-focused approach to diagnosing innovation barriers across a range of sectors, building 
on empirical evidence and academic theory in a variety of disciplines5. The four STCs discussed below 
                                                      
4 Scholars in the technology innovation systems literature have proposed studying seven functions of innovation systems to 
identify weaknesses that policy makers need to strengthen. This approach has relied almost exclusively on experiences from 
industrialized countries (45) and is complementary to the approach suggested here. 
5 A more extensive list of STCs can be found in Anadon, et al., 2014 (46). 
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are the presence of network externalities, mundaneness, the existence of standards and certification, and 
modularity. These STCs demonstrate the importance of understanding the socio-technical nature of 
innovation: each STC demonstrates the mutual influence of social and technical systems. 

2.2.1.  STC: Presence of network externalities 

Network externalities exist when the adoption of a particular technology by some increases the benefits 
from using the technology for others. Therefore, users of technologies with network externalities benefit 
more from their use of the technology as the total number of users increases. Network externalities are 
particularly prevalent in innovation systems where social learning and local peer effects are important for 
increasing adoption or for effectively utilizing a technology. One example is residential solar photovoltaic 
(PV) adoption in California, which saw increasing technology adoption as peer effects grew stronger and 
residential consumers learned about the benefits of a technology through local networks (47). The role of 
network externalities in accelerating technology adoption suggests the importance of strategic information 
transmission and marketing to complement peer-to-peer information sharing. 

Network externalities create “increasing returns” to technology adoption, which suggests that 
technologies may be locked-in when network effects are strong and social learning is an important factor 
in adoption and effective utilization (35). However, in the context of sustainable development, innovation 
systems to promote locally desirable technologies that could benefit from social learning to reinforce 
adoption and utilization have sometimes struggled to develop self-sustaining networks of peers (48). This 
dynamic is a major challenge for the EcoTEDA industrial symbiosis program in Tianjin, China, which 
relies on the exchange of resources between firms in the network to reduce local impacts of 
manufacturing. EcoTEDA has struggled to bring in enough users to keep their industrial symbiosis 
program viable after the end of their funding grant from SWITCH-ASIA (UNIDO) (see Table 1). 

2.2.2.  STC: Mundaneness of the technology 

A mundane technology is a technology that does not hold the attention of key actors, especially actors 
who play important roles in technology invention and selection. Fundamentally, mundaneness is 
determined by social expectations and perceptions including whether a technology is considered novel or 
even whether it fits into pre-existing frameworks of what characteristics a technology to meet a particular 
need should have. Empirically, mundane technologies tend to draw on simpler scientific principles than 
technologies that gain attention of powerful actors. Expectations and perceptions shaping mundaneness 
play a central role in influencing the decisions of consumers and researchers, mobilizing resources in the 
innovation system, and guiding priorities and policies (49).  

The role of mundaneness is exemplified by the development of the system of rice intensification (SRI) in 
Madagascar (see Table 1). In the case of SRI, established research centers working on high-yielding and 
drought-resistant seed varieties were initially skeptical of the benefits of a more mundane practice-based 
technology for improving rice yields. The mundaneness STC cautions practitioners to be self-aware of 
institutional and social-perception-based influences that may unduly restrict the solution set of 
interventions they consider, as well as the social needs they choose to address. Otherwise, interventions 
risk providing solutions only for the needs that can be met with fashionable technological solutions 
instead of solutions that may be more mundane but also more effective.  
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2.2.3.  STC: Existence of standards and certification 

Standards and certification facilitate learning and cost reductions by increasing confidence that particular 
technological solutions will be supported by a broader system of compatible complementary technologies 
and institutions (20, 30, 50, 51). Standards and certification may emerge from the bottom-up as a 
necessity of cost-effective private practice or may be imposed top-down to coordinate activity and even to 
direct technological change. Like network externalities, standards and certification may also contribute to 
technology lock-in, as the relative costs of alternatives that do not rely on existing infrastructure and 
institutions rises (36).  

The Berkeley Darfur Stove case discusses the role that the lack of standards played in the perceived lack 
of adoption of many previous cookstove projects. To address this issue, the international cookstove 
research community has developed international testing standards, including agreed upon methods to test 
stove efficiency and emissions. These standards act as a tool by which stoves are evaluated and are an 
important factor in driving investment (e.g. through carbon markets and private grants) (52, 53) (see 
Table 1). 

2.2.4.  STC: Level of modularity 

A modular product or process is comprised of design elements that are easily disaggregated and organized 
according to a formal architecture or plan (54). Modularity may be a direct consequence of technological 
design, but it may also be more directly socially constructed (e.g. in software design or in technologies 
with intellectual property restrictions covering individual components of systems). A modular technology 
can therefore change via innovation in a subset of its components that are reintegrated into the whole 
without requiring complete redesign.  More modular technologies have lower barriers to adaptation 
because the separability of components allows actors to improve an individual component without the 
architectural knowledge of the entire technology, which may be difficult to acquire (55).  

Modularity may facilitate wider adoption, sometimes at the expense of imitation from other entities (56) 
who can more readily copy and evaluate modular components without integrating them into a 
technological system first. After some success in supporting the adoption of the Berkeley Darfur 
Cookstove (BDS) in Darfur, Sudan (which required fourteen design iterations), the Berkeley cookstove 
team sought to expand deployment of cookstoves to Ethiopia. Due to differences in cooking practices, 
they identified that adoption of the BDS in this new context would require adaptation. This adaptation 
was facilitated by the modularity of the technology: while a common shell is mass produced in India, 
local adaptation is possible through the use of different pot supports (52). Not only are the costs to 
adaptation lower with increasing modularity, but entrepreneurial technology managers may be able to 
expand the contexts in which their technology is suitable, and therefore serve a wider array of human 
needs by adapting modular technologies. The extent to which more or less modularity is needed for 
adaptation also depends on the capabilities of adapters. 

2.3. Socio-technical Characteristics Facilitate Learning in Innovation Systems 

Practitioners with a stake in advancing sustainable development usually have a limited set of experiences 
from which to develop evidence-based policy and action strategies. Too often, practitioners struggling to 
make innovation work for a particular local need fail to benefit from the experience of others, often 
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because they are siloed in individual sectors or local contexts. Effective learning therefore requires 
bringing to bear evidence from a broader set of past experiences. An STC-based approach to developing 
insights from past experience can facilitate learning across sectoral, technological, and geographic 
divides. The concept of STCs can facilitate the identification of whether an intervention or institution that 
worked for a particular technology and context could be suitable for the same technology in a different 
context, a different technology in the same context, or even a different technology and context.  

Most learning from previous experience tends to happen within sectors as practitioners and researchers 
interact with others working on closely related areas and do not draw on experience only known to 
experts in other sectors (57). More cross-sectoral learning is needed to improve the innovation system in 
meeting the goals of sustainable development in a resource-effective way. We have found that the specific 
STCs of a technology and its context are often more similar across different sectors than within the same 
sector. An example is the many similarities between the STCs creating bottlenecks for the adoption of 
cookstoves and the adoption of ceramic pot filters. In contrast, very different STCs shape innovation 
bottlenecks for technologies in the energy sector, such as cookstoves and coal-power plants with carbon 
capture and storage.  

An example of potential learning across sectors from an STC perspective is the experience from efforts to 
make the price of artemisinin-based combination therapy (ACT) for malaria treatment affordable for rural 
populations in sub-Saharan Africa and Southeast Asia (see Table 1). A group of global health funding 
organizations including the Global Fund to Fight AIDS, Tuberculosis and Malaria (GFATM) and 
UNITAID created a global subsidy called the Affordable Medicines Facility-malaria (AFMm) which 
reduced the price of ACTs to end-users. Manufacturers received the global subsidy directly, and then 
shipped reduced-price drugs to countries.  They were then supplied to both public and private sector 
distribution channels in order to get the technology into informal village level supply chains at a cost 
competitive with less desirable treatment options. Important STCs in this case include that end-users were 
individuals with limited financial and information resources (e.g., at the clinic and patient levels), price 
was high relative to inferior alternatives, and the technology required lengthy transnational supply chains 
to get from the manufacturer to the end-user. Drought-resistant seed varieties have similar STCs to those 
in the ACT case–small-scale end-users (e.g. small-holder farmers), high relative prices, and lengthy 
transnational supply chains. These shared STCs suggest that a similar global subsidy could be useful for 
making drought resistant seed varieties more affordable to farmers in developing countries.  

3. Understanding How Actors Shape and are Shaped by Innovation Systems  

Innovation systems are comprised of technologies, actors who affect and are affected by technological 
change, and the institutions that govern their actions. Examples of such actors include inventors, 
investors, firms, intermediaries, and technology users. Actors in an innovation system may be separated 
by many years in time, by thousands of miles in space, and by vast differences in power and interests. 
Their decisions are governed by institutions operating at community, country, and global levels. 
Examples of institutions include national laws and regulations, international treaties, human rights norms, 
and sustainable development goals.  

Existing innovation systems are often poorly suited to meet sustainable development objectives. Re-
orienting current systems to address these shortcomings is therefore essential but difficult for at least two 
reasons. First, innovation systems comprise activities of a multitude of actors working at local, national 
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and transnational levels within and across multiple stages of the innovation process. This makes 
alignment of activities challenging in the absence of a centralized authority (such as a single powerful 
state or firm). Second, existing institutions, such as market incentives and national policy frameworks, 
shape and constrain the behaviors of actors in innovation systems but are often not aligned towards 
sustainable development objectives. However, actors possess agency and can mobilize many types of 
power to change existing institutions in order to better meet sustainable development goals.  

3.1. Innovation Systems Involve Many Actors Operating at Different Stages and Levels  

As highlighted in our discussion of innovation as a complex adaptive system, innovation systems are 
complex because actors in the innovation system operate across different innovation stages and decision-
making levels through interdependent activities. The interdependencies of actors in the innovation system 
may be explicit, such as through technology commercialization licensing agreements that involve a 
formal contract transferring intellectual property from one actor to another (58). Alternatively, linkages 
connecting actors may be implicit, such as the underappreciated dependence of new product development 
at many computer hardware technology and pharmaceutical firms on government-funded R&D conducted 
decades earlier (59, 60). Given the complexity of interdependent actors across different innovation stages 
and levels, aligning the activities of these diverse actors towards sustainable development objectives is a 
challenge.  

Across the stages of innovation, actors are involved in inventing, selecting, manufacturing, adapting, 
adopting, and retiring a technology. Nearly always, individual actors engage in only a subset of these 
stages. In the ACT case, the Chinese government established research priorities, public sector scientists 
and private firms invented the first ACT, the World Health Organization and several non-governmental 
organizations (NGOs) and academics selected and promoted the use of ACTs above older alternatives, the 
GFATM and UNITAID were involved in making the technology affordable in malaria-endemic countries, 
drug retailers in sub-Saharan Africa and Southeast Asia supplied the drugs, healthcare workers prescribed 
ACTs, and patients themselves ultimately decided whether to purchase and take them (see Table 1). In 
this case, as well as many others, the sheer number of actors made it difficult to align their activities 
towards a shared sustainable development objective.  

In some cases, actors may engage in more than one innovation stage, such as when end-users of rice 
farming technologies engaged in invention that led to the creation of the system of rice intensification 
(SRI). However, even when actors engage in multiple innovation stages, they rarely engage in all stages, 
and the problem of aligning actor behavior towards sustainable development persists. While the end-user 
inventors of SRI could use their technology locally in Madagascar, success in scaling up the technology 
required the activities of many other actors to promote the technology in different places and decision-
making levels (see Table 1). 

Not only is cross-stage alignment difficult to achieve, but aligning actors working at different decision-
making levels of the innovation system is also challenging. The problem of misalignment is particularly 
relevant when needs that vary at the local level are not fully incorporated into decision-making at 
national, transnational, or global levels. In efforts over the past few decades to promote the development 
and adoption of cleaner and more efficient cookstoves, inventors and selectors of technologies were often 
not fully engaged in local contexts and they lacked an adequate understanding of the needs of end-users. 
This led to significant roadblocks in achieving widespread adoption and limited the impact of cookstove 
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technology because many stove designs promoted by transnational actors proved unsuitable for the 
preparation of local dishes(61). 

Aligning actors within innovation systems with sustainable development objectives is difficult because 
actors operating across different stages and levels vary in their interests and incentives. In some cases, 
actors are strongly driven by the organizing principle of market forces. In other cases, the dominant 
organizing principle may be that of a centralized authority that creates rules that govern the behavior of 
actors across all (or many) stages and levels of the innovation process, such as a single state or private 
firm. Frequently, markets and states together coordinate actors in innovation systems across scales and 
levels. However, these dominant forces are not necessarily oriented towards sustainable development. A 
national government usually has little motivation to take into account the needs of citizens beyond its 
borders, a profit-maximizing firm has insufficient incentive to invent technologies for people who cannot 
afford its products, and consumers lack the impetus to consider how their decisions impact other 
communities distant in time or space. In the ACT case, patients had little incentive to consider the 
probability of future drug resistance when deciding how to treat their own malaria cases today (see Table 
1).  

3.2. Institutions Shape Actor Behavior, but are Not Necessarily Aligned towards Sustainable 
Development 

Institutions include the set of formal and informal rules, norms, decision-making procedures, beliefs, 
incentives and expectations that guide the interactions and behavior of actors in the innovation system 
(62–65). Institutions govern actors across all stages of the innovation process, and often, there are distinct 
sets of rules and norms governing invention, selection, production, adaptation, adoption and retirement. In 
addition, institutions operate across multiple levels of the innovation system, including customs that 
extend no further than a particular village, regional or national laws, and codified international norms, 
such as those embodied in international conventions (45).  

The institutions created by states and firms often fail to align actor behaviors towards sustainable 
development. For example, industrial symbiosis is a set of technologies to reduce the impacts of 
manufacturing by linking wastes and byproducts in one firm to the input needs in another. Yet private 
incentives for firms to engage in industrial symbiosis in Tianjin, China were hampered by a lack of 
financial and regulatory incentives to reduce waste and emissions (see Table 1). Drip irrigation is a 
technology for irrigating plants that reduces water requirements and improves the water use efficiency of 
many crops. In India, where this technology has been selected for adoption, institutions shaping market 
forces initially set prices for the technology higher than most farmers could afford and limited adoption 
prevented farmers from learning about the technology’s long-term benefits. These barriers, in turn, 
provided few incentives for private companies to market their technology to small farmers (see Table 1). 

3.3.  Actors Can Change Institutions to Re-orient Innovation Systems towards Sustainable 
Development 

As illustrated in the ACT, industrial symbiosis, drip irrigation cases cited above, the pre-existing set of 
rules or norms that shape innovation systems are not necessarily aligned towards sustainable 
development. While institutions constrain actor behavior in the short term, institutions are not immutable. 
The incentives, capabilities, and needs of actors that comprise innovation systems co-evolve with 



15 
 

governing institutions (66–68). So although the capacity and power of actors depend on institutions, 
institutions themselves are shaped by actors and can change in both incremental and radical ways (63).  

Innovation systems are often path-dependent and perpetuate the status quo. Existing institutions 
frequently protect sub-optimal incumbent technologies, sustain power imbalances, or otherwise maintain 
incentives for technological innovation that does not advance sustainable development. The inherent 
“stickiness” of institutions makes changing innovation systems a daunting task that requires leveraging 
multiple types of power. These include: the normative power to challenge the moral acceptability of 
existing institutions; the convening power to bring actors together to establish new goals, priorities, and 
agendas; the legal power to negotiate and revise norms, binding rules, and/or standards; the power of 
information and expertise to identify alternatives and assess their feasibility; and the financial power to 
create incentives for other actors, implement costly new policies, or reduce the risks or costs of doing so 
(46, 69). 

Actors, including international organizations, national non-profit and advocacy groups, private firms and 
government regulatory bodies, can change the innovation system by challenging the rules and norms that 
govern the behavior of other actors (70–72). Here, we provide three examples of how actors have induced 
institutional change in ways that promote sustainable development. In the drip irrigation case, government 
bureaucrats in the Indian state of Andhra Pradesh saw the potential for the technology to increase farmer 
yields and conserve water in the drought-affected state but noted that most farmers could not afford the 
technology. To overcome this barrier, the state government designed a subsidy policy that incentivized 
private sector companies to take responsibility for marketing and extension of drip irrigation technology, 
while reducing costs to farmers. The new rules created an incentive structure that led to widespread use of 
drip irrigation technology. In this example, the government relied on its legal power to change the rules 
shaping the behavior of private firms and its financial power to implement the new rules (i.e. the subsidy). 
In contrast, in the case of SRI, a loose network of activists, lacking both legal and financial power, turned 
to their information and convening power to build a coalition of support for SRI. In the ACT case, NGOs 
and academics mobilized their normative power to mount a public advocacy campaign to challenge the 
then-prevailing norm that donors should not subsidize relatively expensive medicines for poor 
populations because of concerns regarding the long-term sustainability of those payments (see Table 1). 

In sum, sustainable development is not yet a strong enough organizing principle in most innovation 
systems to align actor behavior to systematically take into account the interests of marginalized 
populations or future generations. Re-aligning innovation systems towards sustainable development will 
require changing existing institutions across all stages of the innovation process, from invention through 
widespread use and retirement, and at multiple decision-making levels, from local to global.  The 
evidence shows that such changes can indeed be brought about by committed actors who strategically 
mobilize the multiple types of power available to them. 

4. Conclusion 

Technological innovation has played a central role in achieving important societal objectives, such as 
economic growth or improved human well-being. But innovation systems, driven primarily by markets 
and the most highly-resourced states, are characterized by pervasive power imbalances, such that the 
needs of marginalized populations and future generations are not adequately met. How can these power 
imbalances be addressed? Re-orienting innovation systems towards sustainable development will require 
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transforming many of the deeply embedded institutions that limit innovation systems from delivering on 
their potential. We offer three concrete examples of the types of actions that would begin to do so. 

First, more global effort is needed to invest in the invention of suitable and affordable technologies that 
can contribute to sustainable development. The problems of neglected diseases, orphan crops, and 
underinvestment in clean energy R&D, illustrate that market incentives alone are inadequate to drive 
invention and need to be supplemented by policy change and strategic investment. Such investment can 
take many forms, such as public funding for R&D or private funding incentivized by targeted policies. 
The creation of a carbon price through regional, national, and sub-national carbon markets is an important 
example of creating new rules to change the incentives facing the private sector. Putting a price on carbon 
increases the financial incentive for firms to invent alternative, lower-carbon energy technologies to 
mitigate the present and future impacts of climate change. Without concerted efforts to change the rules 
and incentives governing invention, we will continue to face a shortage of technologies needed for 
sustainable development.    

Second, measures are needed to engage marginalized populations more systematically throughout all 
stages of the innovation process. Since marginalized and future populations often lack the power needed 
to influence the innovation system, problems arise such as third parties (e.g. donors) selecting 
technologies poorly suited for the context in which they are to be used. There is also untapped potential 
for end-users to adapt technologies for use in new contexts (30). Actors who do possess certain forms of 
power can and should identify ways to improve the involvement of marginalized populations in 
innovation (73). These engagement strategies need not be costly. For example, actors with convening 
power and normative authority, such as large NGOs and United Nations agencies, can directly engage 
marginalized populations when negotiating norms and establishing priorities rather than speaking on 
behalf of directly-affected populations. Capacity-building among less-powerful populations to organize 
and represent their interests in such forums is also needed. One example is the shift in the multilateral 
climate regime to policies that more deeply engage developing countries in climate change innovation. 
Previously, international institutions primarily focused on technology transfer–exporting technology from 
a more advanced country to developing countries. However, newer forms of cooperation focus more on 
engaging developing country actors in the process of technology invention and selection by reducing 
information asymmetries, decreasing social distance between actors with expertise and skills, and 
fostering new collaborative arrangements (74).  

Third, measures are needed to regularize learning across spheres of practice to improve understanding of 
how to re-orient innovation systems towards sustainable development.  Understanding is a necessary 
precondition for the development of carefully targeted interventions to counteract the power imbalances 
that inhibit realizing the full potential of innovation. Actors with convening power should facilitate 
sharing across disparate communities of practice.  To take just one example, policy experiments to 
promote R&D for new medicines over the past decades can inform efforts to reform approaches to 
innovation in agriculture. Many potential cross-sectoral lessons are available (57), but drawing 
appropriate conclusions requires a degree of analytical rigor, as suggested by our presentation of 
generalized findings based on STCs. 

Altering the norms, rules, and practices governing innovation may appear politically or practically 
impossible in the short-run, particularly when the powerful do not find reform to be in their interests. Yet 
without institutional change, certain populations will remain excluded from the benefits of innovation, 
and the interests of present generations will continue to unfairly outweigh those of the future. Making 
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technological innovation work for sustainable development will require making fundamental changes to 
the rules of the game.  
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Table 1. Summaries of five case studies of interventions to promote innovation for sustainable 
development. 

Artemisinin Combination Therapy for Treating Malaria 
Casework by Paul Wilson and Suerie Moon 
 

Artemisinin combination therapy (ACT) is an important drug for treating 
malaria. The efficacy of artemisinin against malaria, first recorded in the 4th 
century AD, was rediscovered and developed into a modern drug in the 
1970s by scientist Youyou Tu, after the Chinese government prioritized 
combating malaria during the Vietnam War. Using artemisinin alone renders 
it vulnerable to the emergence of resistance, so a Chinese and Swiss 
pharmaceutical firm, Novartis, collaborated to develop a pill in 1992 that 
combined artemisinin with an older anti-malarial, inventing the first ACT. 
Novartis initially launched its ACT for the European traveler market in 1998, 
but by 2001, NGOs and academics were fiercely criticizing both industry and 
donors because this effective drug was neither affordable nor available in 
the poorer countries of sub-Saharan Africa and Southeast Asia where drug-
resistant malaria was most prevalent (75). Soon after, WHO recommended 
that governments adopt ACTs for the treatment of malaria, Novartis and 
WHO agreed to a price for developing countries significantly below the 
European level, and the Global Fund to Fight HIV/AIDS, Tuberculosis and 
Malaria (GFATM) agreed to provide funding for these drugs. Drug suppliers in 
many developing countries began procuring these drugs, but because they 
were still more expensive than the older, less-effective anti-malarials, uptake 
was slow. Several years later the Affordable Medicines for Malaria (AMFm) 
mechanism was created by UNITAID and GFATM to subsidize ACTs to reach 
more patients and to counteract the emergence of resistance. In the 
countries where AMFm was tested, end-user uptake of ACTs quickly and 
significantly increased. 

System of Rice Intensification for Rice Growing 
Casework by Alicia Harley 
 

The System of Rice Intensification (SRI), a practice-based technology for 
improving rice yields and decreasing seed and fertilizer inputs, was 
developed in Madagascar in the 1980s by a French Jesuit priest working in 
close collaboration with local NGOs and farmers (76). In the mid-1990s, 
Norman Uphoff, a professor at Cornell University, learned about SRI in 
Madagascar, and after three years of on-farm evaluations, he began 
championing SRI as a promising technology for improving rice yields for 
small farmers (77). Uphoff fostered a global network of academics and civil-
society partners who have promote the technology. Initially, SRI met 
significant pushback from the established rice research community, who 
called the practice “agronomic UFOs,” or unconfirmed field observations 
(78–80). While tensions over the efficacy of SRI persist, many actors 
including Oxfam and the World Bank as well as government programs and 
policies in India, China, Indonesia and Vietnam promote SRI as an important 
technology for helping small farmers increase yields and decrease their 
input costs. SRI has been tried by farmers in 60 countries and has achieved 
more widespread farmer adoption and some countries including Cambodia, 
India and Vietnam. The case highlights the role and challenge of technology 
selection for sustainable development where end-user needs are complex, 
varied and often hard to translate into research settings (81). 
 

Cookstoves for Darfur and Ethiopia 
Casework by Kayje Booker 
 

The Berkeley-Darfur Cookstove (BDS), a biomass-fueled cookstove, was 
developed by a team of researchers at the Lawrence Berkeley National Lab 
and the University of California Berkeley (largely through in kind 
contributions) as a more fuel-efficient alternative to the three-stone open 
fires used for cooking in the Darfur region of Sudan. The BDS relied on an 
institutional arrangement in which the entities in charge of stove design and 
testing, the manufacturer in India, and the NGO managing assembly and 
distribution on the ground in Darfur, were linked and coordinated through a 
single organization: the Darfur Stoves Project (DSP). Transnational 
institutions (Oxfam America, Impact Carbon, and USAID) have played key 
roles by acting as the boots on the ground in Darfur, coordinating local 
distribution, and providing funding for stove development and adoption. DSP 
has also adapted the technology for use in Ethiopia (31). 

Ceramic Pot Water Filters for Household Water Treatment 
Casework by Mark Williams, Sharmila Murthy, Daniele Lantagne, and Lucilla 
Spini 
  Ceramic pot filters (CPFs) are a Household Water Treatment and Storage 
(HWTS) technology designed to treat contaminated water at home.  The CPF 
is a porous ceramic pot that allows water but not bacteria and parasites to 
pass through to a container below. CPFs are a cost-effective and simple-to-
use treatment option, especially for water with medium to high turbidity. 
They do not require power or chemicals and can be produced locally, which 
can provide additional benefits to the community. The production of CPFs, 
however, faces barriers related to the lack of capacity, production standards, 
and physical infrastructure. Sustained use is challenged by barriers related 
to the access to information, behavioral change, maintenance, cost and 
commercial appeal.  Key insights include the need to develop generalizable 
production standards, to promote more user-friendly products, and to assess 
the actual impact of HWTS interventions, including those that rely on CPFs. 

Drip Irrigation 
Casework by Alicia Harley and Lonia Friedlander 
 

Drip irrigation is a technology for irrigating plants that reduces water 
requirements and improves the water use efficiency of many crops (82). In 
addition, drip irrigation has been found to improve yields and decrease labor 
requirements, raising incomes for farmers and potentially helping poor 
farmers escape poverty (83, 84). Modern drip irrigation methods were 
invented in Israel in the 1960s (85). In Israel as well as other developed 
countries like Spain, Italy and the United States adoption of drip irrigation 
has been widespread (86). However, adoption of drip irrigation amongst 
developing countries especially in Sub-Saharan Africa remains very low and 
faces many barriers including lack of water storage facilities and destruction 
of drip equipment by wildlife (87). In spite of the challenges for drip irrigation 
in much of the developing world, in the past 12 years certain states in India, 
including Andhra Pradesh and Gujarat, have achieved remarkable success in 
farmer adoption of the technology (86, 88). The case shows how the success 
of drip irrigation in India was built on a unique subsidy policy first designed 
by government bureaucrats in Andhra Pradesh and later modified across 
many states in India, which aligned the incentives of private sector actors 
with public goals while lowering the cost of the technology to end-users. 

Industrial Symbiosis  
Casework by Dwayne Appleby, Kira Matus and Vanessa Timmer 
 

Industrial symbiosis (IS) is an approach to establishing and building 
relationships among businesses to optimize resource use and reduce 
burdens on the environment and human health. Based on a biological 
systems metaphor, IS redefines waste as a resource and shifts industrial 
production towards a circular economy. An IS network links a variety of 
different firms, usually in close geographical proximity. Businesses in an 
industrial cluster share and exchange waste materials, energy, and water 
and often collaborate on business services such as technical expertise, 
cleaning, security, and transportation. Through a number of social and 
technological innovations, these linkages improve the environmental and 
social impacts of manufacturing activity. The waste, idle time, and 
abandoned byproducts from one company becomes raw material for another 
company, increasing resource and energy use, and minimizing waste 
discharge, ideally by diverting waste from landfill. The practice of IS has 
been growing around the world including in Kwinana (Australia), Ulsan 
(South Korea) and EcoTEDA (Tianjin, China) and in the UK with the National 
Industrial Symbiosis Programme (NISP-UK). In all of these cases, the 
development of social bonds among participants was crucial for the growth 
of the program. NISP-UK created a standardized set of procedures, 
particularly for linking small and medium-sized enterprises (SMEs) and 
supports NISP efforts in more than 20 countries. The modularity of IS 
approaches, its adaptation to local contexts, the support of facilitative 
bodies such as NISP, and the development of favorable policies, such as an 
increased cost of waste disposal, are contributing to the spread of IS in 
various locations around the world. 
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Supporting Information 

This perspective draws on our experience leading a multi-year research initiative at the Harvard Kennedy 
School that commissioned eighteen original case studies. In particular, Figure 1 of the manuscript 
highlights findings from five cases that were particularly illustrative of how innovation systems operate, 
and what interventions can be made to re-align them towards sustainable development. In this 
supplementary information, we provide expanded details on these five case studies, each of which is 
available in expanded working papers and published papers, as referenced below. 

1. Artemisinin Combination Therapy for Treating Malaria 

Casework by Paul Wilson and Suerie Moon 

An expanded treatment of this case study is available in Moon, 2009 (1) and as a working paper: Wilson, 
2016 (2).  

Artemisinin combination therapies (ACTs) are a relatively new class of drugs for treating malaria. Older 
malaria treatments such as chloroquine (CQ) introduced in the 1940’s had become less effective due to 
the development of resistance in malaria parasites. Resistance spread globally over just a few years and 
by the 1990’s had rendered CQ largely useless against falciparum malaria in most places (3, 4). The 
world was faced with the prospect of having no effective and practical treatment for malaria. Fortunately, 
a new class of drugs was just then becoming available—artemisinin and its derivatives.  

The efficacy of artemisinin against malaria, first recorded in the 4th century AD, was rediscovered and 
developed into a modern drug in the 1970s by scientist Youyou Tu, after the Chinese government 
prioritized combating malaria during the Vietnam War (5, 6). Using artemisinin alone renders it 
vulnerable to the emergence of resistance, so a Chinese and Swiss pharmaceutical firm, Novartis, 
collaborated to develop a pill in 1992 that combined artemisinin with an older anti-malarial 
(lumefantrine), inventing the first ACT. Novartis initially launched its ACT for the European traveler 
market in 1998, but by 2001, NGOs and academics were fiercely criticizing both industry and donors 
because this effective drug was neither affordable nor available in the poorer countries of sub-Saharan 
Africa and Southeast Asia where drug-resistant malaria was most prevalent. Soon after, WHO 
recommended that governments adopt ACTs for the treatment of malaria, Novartis and WHO agreed to a 
price for developing countries significantly below the European level, and the Global Fund to Fight 
HIV/AIDS, Tuberculosis and Malaria (GFATM) agreed to provide funding for these drugs. Drug 
suppliers in many developing countries began procuring these drugs, but because they were still more 
expensive than the older, less-effective anti-malarials, uptake was slow. (1) 

Achieving widespread use of ACTs presented a formidable challenge. ACTs are more expensive to 
produce than CQ and other commonly used antimalarials. The higher cost would prevent many poor 
people from purchasing ACTs despite evidence of the ineffectiveness of older drugs. This challenge was 
compounded by the weak public health systems in many of the countries most affected by malaria. 
Moreover, experts believed that reducing the manufacturing costs of ACTs through economies of scale 
was probably not possible and that their $1.00 per course price tag was unlikely to come down due to the 
complexities of the manufacturing process. (2)  
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In order to overcome the barriers to widespread use of ACTs, a committee of the US Institute of Medicine 
(IOM) led by Stanford economist Kenneth Arrow originally conceived of the institutional intervention 
that would come to be known as the Affordable Medicines Facility-malaria (AMFm). The committee’s 
central recommendation, made in 2004, was the establishment of a global donor-funded ACT subsidy. 
The goal of a subsidy would be to make ACTs available at prices similar to those for CQ and other 
monotherapies, thereby permitting broad access and “pricing out” the monotherapies. The subsidy would 
apply not only to government purchases, but also to the private sector. The IoM Committee hoped that by 
relying on existing distribution channels, especially the informal private sector of largely unregulated 
sellers and village shops, ACTs would be both affordable and widely available and drive out the less-
effective incumbent technologies (7).  

Five years later the Affordable Medicines for Malaria (AMFm) mechanism was created by two global 
health funding bodies, UNITAID and GFATM. A two-year pilot program was officially launched in April 
2009 in eight countries. While the Arrow committee had recommended a global, all-at-once initiative, 
other actors were skeptical and wanted a more rigorous testing of the subsidy before rolling it out at a 
larger scale. Outcomes from the pilot were mixed: while the price of ACTs to end-users did fall 
significantly, including in hard-to-reach rural areas, consumers did not adopt ACTs as quickly or as 
thoroughly as hoped and ACTs did not completely capture the market from CQ and other mono-therapies. 
Dedicated financing for the AMFm pilot was discontinued, but some of the pilot countries continued 
using other donor funds to sustain the subsidy. (2) 

Today, the challenge of ensuring access to ACTs in malaria-endemic regions and controlling the spread of 
resistance remains formidable. The ACT experience, however, has spurred important institutional 
changes: it highlighted the potential human benefits of developing new technologies for diseases that 
primarily affect the poor; it challenged the prevailing norm that donors should not finance the provision of 
advanced technologies in developing countries for fears such programs would not be sustainable; and it 
provided significant evidence on the possibilities and limits of global subsidies as a policy tool. 

 
2. System of Rice Intensification for Rice Growing 

Casework by Alicia Harley 

An expanded treatment of this case study is available as a working paper: Harley, 2016 (8).  

The System of Rice Intensification (SRI), a practice-based technology for improving rice yields and 
decreasing seed and fertilizer inputs, was developed in Madagascar in the 1980s, by a French Jesuit priest 
working in close collaboration with local NGOs and farmers (9). In the mid-1990s, Norman Uphoff, a 
professor at Cornell University, learned about SRI in Madagascar, and after three years of on-farm 
evaluations, he began championing SRI as a promising technology for improving rice yields for small 
farmers (10). Uphoff fostered a global network of academics and civil-society partners who promoted the 
technology. Initially, SRI met with significant pushback from the established rice research community, 
who called the practice “agronomic UFOs,” or unconfirmed field observations (11–13). While tensions 
over the efficacy of SRI persist, many actors including Oxfam and the World Bank as well as government 
programs and policies in India, China, Indonesia and Vietnam promote SRI as an important technology 
for helping small farmers increase yields and decrease input costs. SRI has been tried by farmers in 60 
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countries and has achieved widespread farmer adoption in several countries including Cambodia, India 
and Vietnam.  

This case looks first at the invention and selection of SRI in Madagascar and the development of a global 
network of scholars and practitioners, who worked through a nested-multi level structure to promote 
adoption of SRI by farmers and published over 650 peer reviewed articles evaluating the agronomic, 
economic and social dimensions of SRI between 2000 and 2015. In parallel, the case looks at the critiques 
of SRI, from the established rice research community including scholars at the International Rice 
Research Institute (IRRI) and other established research centers. The case disentangles the evolving 
language with which the two communities framed the terms of the debate and the role of NGOs and 
development organizations such as Oxfam in creating legitimacy for SRI in the development community. 
Finally, the case grounds the analysis on the adoption of SRI in Bihar, an Indian state. In 2011, the state 
government of Bihar selected the technology for inclusion in the official agriculture road map, despite 
continued controversy between different actors at the state and national level.  

Across Bihar, interviews with farmers as well as government extension officers, policy makers and 
agriculture scientists confirm that a significant majority of state level actors agree that SRI does increase 
yields with respect to traditional practices. Where these actors disagree however is in translating these 
yield increases into calculation of farm revenues, due to disagreements in the extra labor demanded by 
SRI as well as the rate at which labor is priced in these calculations. Agriculture scientists tend to use a 
common government wage rate set by the national employment guarantee scheme (MGNREGA) as a 
proxy to calculate profits from different technologies and practices in research station experiments. Yet in 
reality, MGNREGA work is limited at the village level and farmers are often paid significantly lower 
wages for non-MGNREGA labor.  

At the same time, SRI is not the silver bullet for small and marginal farmers often portrayed by 
proponents of the technology.  Fundamental to the practice of SRI is timely access to irrigation. While 
overall, SRI decreases water requirements; the practice is also highly sensitive to timely availability of 
water during the planting cycle. Farmers, who are exclusively dependent on monsoon rains, are often 
limited in their ability to practice SRI. In drought prone South Bihar, this has been a major roadblock to 
SRI adoption. The complex relationship between SRI, a technology that reduces water requirements, and 
the need for timely availability of water resources is often poorly understood by proponents of the 
technology especially at higher decision making levels (e.g. national and transnational).   

The case highlights the hidden role of selection as an important stage in the innovation system, especially 
with respect meeting the needs of vulnerable populations, where end-user needs are complex, varied and 
often hard to translate into experimental designs conducted on agriculture research stations. This finding 
has implications for the selection of technologies to meet sustainable development goals. Technologies 
with the potential to meet the needs of vulnerable populations should be evaluated with a more nuanced 
understanding of the specific opportunities and constraints faced by end-users. Improving the ways in 
which the agriculture research community evaluates technologies to include a deeper understanding of the 
objective functions facing different categories of farmers would go a long way in ameliorating the 
controversy over SRI. A more nuanced understanding could also improve policy design and 
implementation of programs meant to support farmer adoption.  

 



29 
 

3. Cookstoves for Darfur and Ethiopia 

Casework by Kayje Booker  

An expanded treatment of this case study is available as a working paper: Booker, 2016 (14).  

The International Energy Agency estimates that 2.7 billion people use traditional solid biomass fuels 
(wood, dung and other biomass) for cooking (14). Use of inefficient biomass stoves is understood to 
contribute to local deforestation as well as climate change and is a major public health threat in the 
developing world: 4.3 million deaths per year in 2012 are attributable to household air pollution (15), 
largely caused by products of incomplete combustion resulting from cooking.  Because each of these 
problems could be mitigated by increasing the fuel-efficiency of cookstoves, developing such improved 
cookstoves has attracted attention for decades (16). 

Within this context, Dr. Ashok Gadgil, a researcher at the Lawrence Berkeley National Lab (LBL) was 
approached by the US Agency for International Development (USAID) to develop a cookstove for 
Internally Displaced Person (IDP) camps in Darfur (Sudan) that could replace the traditional three-stone 
open fire with one that could use kitchen waste in place of fuelwood (17). USAID was concerned with 
cookstoves because women in the refugee camps were getting systematically raped while walking long 
distances to gather firewood (18). After visiting Darfur in 2005, Dr. Gadgil and his team at LBL and the 
University of California Berkeley (UC Berkeley), with collaboration from Engineers Without Borders, 
started developing a metal-based cookstove adapted from an Indian “Tara” cookstove named. The result 
was the Berkeley-Darfur Cookstove (BDS) (17), a biomass-fueled cookstove that was a 50% more fuel-
efficient (as measured by various cooking tests) than the three-stone open fires traditionally used for 
cooking (19). 

According to Dr. Gadgil, around 150 people were involved in developing the BDS by 2008, many of 
them providing in-kind donations.  The costs, not accounting for time donated, were mostly funded by 
private donations and USAID grants and reached around $300,000 in 2008. A large number of actors 
contributed to developing the BDS after 2008, including private donations and support from U.C. 
Berkeley's Blum Center and the Sustainable Products and Services Program (17). Dr Gadgil also worked 
with LBL’s technology transfer office to patent the stove in order to incentivize investor interest, generate 
small revenues for LBL to continue the work in this area, and protect the brand from lower quality copies 
that may hamper its longer-term widespread use (17).  To facilitate and coordinate the non-technical 
aspects of BDS production and dissemination, Dr. Gadgil helped found the Darfur Stoves Project (DSP), 
an NGO, which licensed the stove from LBL and worked in close collaboration with the Lab and partners 
on the ground in India and Darfur.  

 

From the beginning of the project in 2005, Dr. Gagdil and his collaborators recognized that ensuring that 
the stove was culturally appropriate was essential for successful adoption. This led to a BDS that was 
adapted 14 times (it went through 14 versions) as of 2014.  Nevertheless, because the cookstove cost $16 
to produce and deliver to the camp, it was too expensive for most refugee families to pay upfront, even 
though the payback period is less than 20 days (19). Thus, widespread cookstove distribution required 
financial support from external actors.   
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Recently, the emergence of carbon markets through the Clean Development Mechanism (CDM) has 
spurred some investor interest in cookstoves.  In late 2008, World Vision International, a large NGO 
contacted Dr. Gadgil to explore the possibility of adapting the BDS for use in Ethiopia (20). The 
Ethiopian project would be supported by funding from an international investor seeking CDM carbon 
credits. A grant from the US Department of Energy that was matched by World Vision International 
(which had transferred the project to World Vision Australia), enabled LBL to adapt the BDS to better 
match Ethiopian cuisine and cultures (19). Current work involves developing a CDM-compliant 
cookstove pilot program which includes the commercialization, dissemination, and monitoring of 1000 
Berkeley Ethiopian Stoves (20). This work is being tracked by another NGO (Potential Energy, the new 
and expanded NGO that was formerly Darfur Stoves Project), which is working on a full launch after the 
LBL pilot (20). This case illustrates not only the multiplicity and multi-level nature of the actors, but also 
the non-linearity of innovation, the need for adaptation and long time scales involved even in this type of 
technology, which may be perceived by many as mundane or non-complex. 

4. Ceramic Pot Water Filters for Household Water Treatment 

Casework by Mark Williams, Sharmila Murthy, Daniele Lantagne, and Lucilla Spini 

An expanded treatment of this case study is available as a working paper: Williams, et al., 2016 (21).  

Where infrastructure barriers prevent the effective delivery of clean drinking water through centralized 
systems, household water treatment and storage systems (HWTS) can be an effective interim solution that 
enables users to treat the water in their homes and thereby reduce the incidence of water-borne diseases.  
As the name suggests, HWTS enable individual users to treat water at home.  The need for safe drinking 
water, especially in developing countries, is clear.  The WHO and UNICEF estimate that as of 2015, 663 
million people still used unimproved water sources, which include unprotected wells, springs, and surface 
water.  An additional 1.2 billion people are estimated to drink contaminated water from so-called 
“improved” sources (22).  Due in large part to unsafe drinking water, diarrhea is the second leading cause 
of death among children under five globally, with an estimated 1.5 million deaths per year (23).   

This case examines the benefits and limitations of one specific type of HWTS, the ceramic pot filter 
(CPF).  First developed in early nineteenth century England (24), the porous ceramic pot allows water but 
not bacteria and protozoa to pass through to a container below.  NGOs and dedicated individuals, with 
varying degrees of support from universities and aid organizations, have played leading roles in 
manufacturing and distributing CPFs. As a result of research conducted by Dr. Fernando Mazariegos of 
Guatemala and funded by the Inter-American Development Bank in the 1980s, CPFs are now 
impregnated with colloidal silver to prevent the growth of bacteria, slime and other contaminants on the 
filter wall (25).  In addition, two members of the NGO Potters for Peace, Ron Rivera and Professor 
Manny Hernandez of Northern Illinois University, are credited with further improving the manufacturing 
process (26, 27).         

CPFs are a cost-effective method for reducing the protozoal and bacterial organisms that cause many 
water-borne diseases (10, 11, 14–16) 
.  Compared to other HWTS technologies, CPFs are often better equipped to treat water with medium to 
high turbidity (i.e. water with particulate matter (31)).  CPFs do not require electricity and can be 
manufactured with local materials and labor.  Because CPFs do not require the addition of chemicals, the 
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treatment process does not change the taste or smell of the water.  As a result, some studies have reported 
strong uptake and continued usage of CPFs (31, 32). 

Despite their numerous benefits, CPFs also have their drawbacks.  As one World Health Organization 
study observed, “[q]uality control, breakage  in  transport  or  cleaning,  high  up-front  cost,  slow  flow  
rates,  the  need  for  regular  cleaning and susceptibility to water recontamination are challenges that may 
inhibit scaling up this alternative” (24).  Sustained adoption can also be challenging to achieve because 
the intended recipients may not recognize the need for treating water (24).  This is not unique to the water 
sector; uptake of any environmental health intervention can be difficult where traditional behavior needs 
to change (24).  Cost is another limitation.  Even where NGOs are able to provide CPFs for free, 
replacement parts are often unavailable or too expensive for the user to purchase (33).  Moreover, local 
CPF manufacturing efforts can be difficult to scale up (24).  The zeal and enthusiasm that donors and aid 
agencies have traditionally shown for HWTS, like CPFs, needs to be critically examined to assess the true 
impact of these projects.  Key insights include the need to develop generalizable production standards, to 
promote more user-friendly products, and to assess the actual impact of HWTS interventions, including 
those that rely on CPFs. 

5. Drip Irrigation 

Casework by Alicia Harley and Lonia Friedlander 

An expanded treatment of this case study is available as a working paper: Harley and Friedlander, 2016 
(34).  

Drip irrigation is a technology for irrigating plants that reduces water requirement and improves the water 
use efficiency of many crops (35). In addition, drip irrigation improves yields and decreases labor 
requirements, raising incomes for farmers and potentially helping poor farmers escape poverty (36, 37). 
Modern drip irrigation methods were invented in Israel in the 1960s and government support through 
regulations, subsidies and capacity building programs fostered widespread use (38, 39). Outside Israel, 
other developed countries including Spain, Italy and the United States have seen widespread adoption of 
drip irrigation technologies (40). However, adoption of drip irrigation among developing countries 
especially in Sub-Saharan Africa remains very low and faces many barriers including high upfront costs 
to small farmers, lack of farmer capacity, limited agricultural support and extension services, lack of 
water storage facilities and destruction of drip equipment by wildlife (41). 
 
In spite of the barriers in the innovation system for drip irrigation in much of the developing world, India 
has achieved remarkable success in adoption and widespread use of the technology (42, 43). This case 
looks at the reasons for India’s success in fostering widespread use of drip irrigation, focusing on the 
institutional design of India’s subsidy support program.   
 
In India, the first experiments with drip irrigation on agriculture research stations began in the 1970s. By 
the 1980s, India had its own homegrown drip irrigation company, Jain Irrigation Systems Ltd. Despite 
this, adoption of drip irrigation was slow to take off(41, 42). Many barriers prevented higher adoption 
rates including the upfront capital costs of the technology for India’s small farmers (the average 
landholding size in India is 1.2 hectares). In addition, lack of farmer awareness about the potential 
benefits of the technology and weak agricultural extension services created barriers to farmer adoption.  
 
The slow pace of drip irrigation adoption in India changed rapidly in 2003, when the southeastern state of 
Andhra Pradesh (AP) developed a unique subsidy program to promote the technology. In 2003, the Chief 
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Minister of the State of AP faced an upcoming election, extreme drought and an unhappy electorate. In 
response, he convened a working group tasked with the responsibility of finding a way to effectively 
promote drip irrigation. Based on the recommendations of the working group, the state developed the 
Andhra Pradesh Micro Irrigation Project (APMIP) to support drip irrigation adoption. On the surface, 
APMIP was designed as a downstream subsidy program that changed the prices farmers faced for drip 
irrigation equipment. The design of the APMIP policy also included two unique institutional elements. 
First, the government used the subsidy program as a carrot to leverage the private sector to reduce the 
component-wise costs of their systems. Second, the design of the program incentivized the private sector 
to assume significant responsibility for technology demonstration, farmer training and after sale service. 
By using the subsidy program to incentivize responsibility for farmer outreach and capacity building to 
the private sector, the government overcame a major barrier to widespread use of drip irrigation.  
  
The APMIP program was highly successful. In the initial year, APMIP hit its target of bringing one 
hundred thousand hectares under drip irrigation (only five hundred thousand hectares of area had been 
brought under drip irrigation in India in the previous thirty three years) (46). Based on AP’s success, the 
Government of India created a Centrally Sponsored Scheme for Micro Irrigation in 2005 that extended 
the subsidy policy across the country(42). After 2005, overall adoption rates in India increased and by the 
end of 2008, the technology irrigated 1.4 million hectares of land (45). By 2010, India had the single 
largest area under drip irrigation globally, though the fraction of drip compared to total irrigated area was 
still quite low at 3.12% of total irrigated land (42, 43). 
 
The case demonstrates how the success of drip irrigation in India was built on a unique subsidy policy 
first designed by government bureaucrats in Andhra Pradesh and later modified across many states in 
India. This program aligned the incentives of private sector actors with public goals while lowering the 
cost of the technology to end-users. Despite the success of India’s subsidy program for drip irrigation, 
many challenges remain. First, while adoption rates have been very high in some states, in other states, 
adoption has lagged despite the subsidy program. One key reason for low adoption rates in some states is 
poor administration of the subsidy program at the state level, in addition to poor extension services and 
agro-ecological considerations. A second critical challenge is that rates of adoption by small and marginal 
farmers (those with less than less than 2 hectares) remain low (42). This is at least partly because private 
sector companies have little incentive to market to small farmers, as the profit per farmer is small 
compared to the effort required. Finally, the technology standards set by the subsidy policy, excludes low 
cost drip irrigation systems and disincentive companies to experiment with lower cost technology options 
that might prove more appropriate for the needs of small and marginal farmers. 

6. Industrial Symbiosis 

Casework by Dwayne Appleby, Kira Matus, and Vanessa Timmer. 

An expanded treatment of this case study is available as a working paper: Appleby, 2016 (47). 

While industrial production provides an important economic basis for improved livelihoods, its impacts 
places a significant burden on environmental and human health. Industrial symbiosis (IS) is one method 
for shifting industrial production and consumption systems toward a more circular model. Based on a 
biological systems metaphor, IS views the waste or byproducts from one activity as sources of inputs for 
another (48).  
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In practice, IS links a variety of different firms, usually in close geographical proximity. Through a 
number of social and technological innovations, these linkages improve the environmental and social 
impacts of manufacturing activity. Innovations that have emerged from IS include material and energy 
flow analysis tools and techniques, new processes and equipment for byproduct exchanges, and sharing 
arrangements for human and other social resources (47). 

The practice of IS has been growing around the world, and this case looks at four IS efforts:  Kwinana 
(Australia), the National Industrial Symbiosis Programme (NISP-UK), Ulsan (South Korea) and 
EcoTEDA (Tianjin, China). Kwinana is an example of an ‘emergent’ IS program, which emerged without 
outside intervention; the other three were ‘goal-oriented’- specifically planned, with a number of policy 
interventions from their start. 

Despite the differences in geography and origin, these four examples provide important insights into the 
broad innovation system surrounding IS. In all of these cases, the development of social bonds between 
participants was crucial for program success. These bonds serve as the backbone for resource exchange 
networks, and were facilitated by central coordinating organizations. Facilitators help with identification, 
planning, implementation and adaptation of exchanges among participating firms (49–52).  

Like most IS projects, these cases drew on international sources of expertise. NISP has, in fact, become a 
major IS consultant, acting as a hub and conduit between UK-derived and international experiences. In 
addition to NISP, SWITCH-Asia Programme helped start the EcoTEDA program (53). The combination 
of available information, a set of standardized procedures, and the modularity of the platform, which 
allows for adaptation to local technological, social, and political contexts, have all contributed to the 
spread of IS from developed to developing world contexts (47). 

While facilitating bodies have proven crucial for the success of IS projects, the primary driver of 
participation in industrial symbiosis is the economic benefits derived by participants. Thus, across 
examples, underlying policy environments are important in either favoring incumbent technologies or 
providing economic incentives for innovation (54). For example, where waste disposal costs and 
environmental regulations are relatively low, IS uptake is negatively impacted. Conversely, where waste 
disposal costs are high and environmental regulations more rigorous and difficult to avoid, the financial 
benefits of IS incentivize participation (47). More generally, policies that change the relative costs of 
inputs and/or outputs can drive the uptake of IS. 

Some concern exists that if IS networks become too robust, it can result in technological lock-in, with 
firms declining to reduce waste or to adopt newer, more sustainable technologies because of the profits 
accruing from existing IS exchanges. There is little evidence to support this hypothesis. Furthermore, 
many exchanges are centered around human resources, which do not involve large amounts of sunk 
capital. There are also open questions as to whether IS projects deliver social and livelihood benefits, and 
only limited data on environmental impacts, as many of the projects do not engage in rigorous monitoring 
and reporting. 

IS activities need to be economically attractive, and there is also a need to support a facilitating or 
coordinating body which requires stable sources of revenue. Grant-funded and government-supported 
programs have both had to explore alternative resource streams. For example, NISP, after its government 
funding ended, is now consulting on IS development in different countries. Beyond funding streams, the 
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networks in any IS program must also be large enough that it is robust to changes in circumstance and 
resource streams.  

Overall, this case demonstrates variable success across IS projects over time, but also some of the key 
ways that different actors and policy interventions have been able to overcome different challenges that 
emerge. 
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