
Enhancing Technology 
transfer and diffusion 

 à CA pillar of climate change miti gati on
Technological diffusion is recognized as a key pillar of climate 
change mitigation in environmental agreements. Enhanced 
technology transfers within a ‘climate club’ would have sizeable 
positive effects on GDP in a 2° scenario.

 à Large gaps in current policies and diff usion patt erns
Existing international policy measures such as the Clean 
Development Mechanism only had an impact on north-south 
diffusion and have mainly been directed to large emerging 
economies, mostly China, India, and Brazil. There exist major 
gaps in the network of technological diffusion, between and 
within developing world regions.

 à Policies to reshape technological diff usion routes
Technology diffusion routes are much more infl uenced by long 
term trade relationships existing between countries and by 
the level of technological development than by sectorial policy 
measures such as renewable support policy. In order to foster 
technological diffusion, climate clubs must target a major 
shift in the structure of international trade and economic 
integration.

 à Building a technological base in developing countries
In developing countries, the build-up of a supply base of certain 
low-carbon technologies is as important as the deployment of 
the technologies per se.
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A pillar of Climate Change Miti gati on

The importance of technological diff usion processes for the achievement of climate policy 
objecti ves has been emphasized at least since the Kyoto Protocol (see e.g., Blackman, 1999). 
Within the scienti fi c community, the Intergovernmental Panel on Climate Change (IPCC) has 
repeatedly put forward its central role for climate policy and sustainable development (see e.g., 
IPCC, 2014). In the policy debate, technology transfers are strongly emphasized in the INDCs 
prepared for the COP21 and their relevance is recognized in the Paris Agreement, which puts 
forward in its preamble “the urgent need to enhance the provision of fi nance, technology and 
capacity-building” and devotes a full secti on to its decisions on “technology development and 
transfer”, hence putti  ng it on an equal footi ng with miti gati on and adaptati on. 

Technological diff usion is also put forward as a key element in the design of ‘climate clubs’. Such 
clubs would bring together countries willing to implement ambiti ous climate policies if associated 
with the benefi ts of a “club good”. Notable candidates for such club goods are: enhanced access 
to low-carbon technologies, trade agreements or access to low-cost climate fi nance (see e.g 
Grubb et al., 2015; Keohane and Victor, 2016). Macro-economic simulati ons performed with 
the GEM-E3 model for the Green-Win project show that technological diff usion can play 
a major role in increasing economic performance within a climate club in a 2° scenario (see 
fi gure 1 below). This impact is notably larger than trade agreements. e.g. increased/decreased 
duti es for countries outside/within the club in relati on to the carbon content of goods (see e.g. 
Nordhaus, 2015).

Enhancing 
technological 

diffusion would 
have substantial 
macro-economic 

benefi ts

Figure 1: GDP and Employment impacts (in % change) of enhanced technological change (learning), 
technological diff usion (spillovers) and trade advantages (duti es) for a set of countries forming a climate 
club. The countries forming the club are China, Europe, India, Japan, South Korea and Argenti na. These 
countries are assumed to implement INDC commitments consistent with a 2° scenario while the remaining 
countries solely implement their Cancun pledges. In the baseline scenario, there are no co-benefi ts in 
parti cipati ng in the club. The results reported for spillovers, learning rates and duti es correspond to the 
increase in GDP and employment provided to club countries if the corresponding “public goods” are 
added to the club, that is if the rate of technological diff usion between countries is increased (spillovers), 
if a higher rate of endogenous technological change is enabled (learning) or if duti es are imposed/lift ed on 
countries outside/within the club (see Paroussos et al. 2017 for details).
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Large gaps in current policies and diffusion patterns

The strong emphasis on technological transfers in international climate agreements, which 
convey a notion of appropriability of the technology by the recipient country, suggest that such 
transfers can be heavily influenced or even controlled by governments. This might be true in 
some very specific industries such as defence and aerospace. Yet, for most of the technologies 
that are of concern for climate policy, notably renewable energy, the diffusion process is the 
outcome of firm-level decisions and interactions. Moreover, transfers take a wide variety of 
forms (e.g. material or immaterial) and employ a variety of vehicles (e.g. international trade in 
intermediate goods, foreign direct investments, licensing). Finally, technological diffusion is not 
a simple bilateral process but might involve strong network effects. In this complex landscape, it 
is much less clear what policy can do and how it can operate.

The Clean Development Mechanism (CDM) is probably the most important policy measure 
that has been implemented in view of fostering technological transfers. It should be stressed, 
however, that technology transfer was only a secondary focus of CDM projects whose main 
objective rather was to reduce GHG emission abatement costs. In particular, it should be noted 
that not all CDM projects entail an actual international technology transfer; in fact, it has been 
shown that transfers take place in less than half of CDM projects (see Dechezleprêtre et al., 
2008). Another important caveat of the CDM approach is its sole focus on the relationship 
between developed and developing countries. Thus, it neglects the potential of south-south 
transfers and the role of network effects. This led to a narrowing of the scope of the CDM 
market, with most projects being directed to the large emerging economies, mostly China, India, 
and Brazil (see Rahman et al., 2016).

In order to understand the requirements for developing policies with a global perspective, the 
Green-Win project has constructed maps of the current patterns of technological diffusion 
using machine learning techniques for network reconstruction and micro-level datasets on 
technological adoption in wind energy, solar energy and electro-mobility (see Mandel and 
Halleck, 2017).
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This allows the development of network maps of technological diffusion routes, such as the one 
reproduced in figure 2. The analysis of the inferred networks reveals a number of inefficiencies 
in current diffusion patterns. First, the distance between source and recipient countries can 
be large, implying long lags in the diffusion process to a large number of developing countries. 
Second, except in the core of developed countries, the technological interconnections within and 
between regional clusters are weak.  Third, there lacks clear regional or global centres that could 
play the role of hubs in the diffusion process and hence increase its efficiency. In this context, 
simulations show that the most efficient policy to ensure a rapid diffusion of technologies at the 
global scale is to develop new hubs and links among developing countries. The development of 
CDM-like frameworks for south-south cooperation seems to be a minimum requirement from 
this perspective.
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Figure 2: network of technological diffusion for wind reconstructed from adoption data (see Halleck-Vega 
and Mandel, 2017) 
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Policies to reshape technological diffusion routes

The development of new technological diffusion routes thus appears as a major policy challenge. 
An econometric analysis of the determinants of technological transfers (Halleck-Vega et al. 2018) 
sheds light on potential policy levers.  Two dimensions of the problem must be distinguished 
à priori: the extensive margin of technological diffusion, i.e. the extension of the scope and of 
the paths of technological diffusion, and the intensive margin, i.e. the increase in volume of 
technology diffusion and usage. A range of specific policy measures appear to have an impact on 
the intensive margin of diffusion: reduced tariffs on low-carbon technologies, renewable portfolio 
standards, participation in the Clean Development Mechanism or, more broadly, in international 
environmental agreements. Once a technology is strongly established in a country, this country 
is also likely to contribute to its further diffusion. However, the initialization of the technology 
adoption process, i.e. the development of the extensive margin of technological diffusion, 
seems to rely on much more fundamental and structural features. The two main determinants 
of initial adoption are, according to our analysis, the level of integration of the recipient country 
in international trade and its level of technological development or technological capabilities 
(e.g. skills/knowledge base as measured by the ArCo index, see Archibugi et al. 2004).  Both are 
independent of sector specific policy measures. 

These results provide some insights to the current debate on climate clubs. They indicate that, 
if they ought to function autonomously, such clubs cannot be designed in an ad-hoc manner 
to foster the diffusion of certain technologies. They must rather target a major shift in the 
structure of international economic and trade integration in order to ensure that the mainstream 
commercial routes are aligned with the objectives of climate change mitigation. The mainstream 
flow of trade must deliver the most advanced low-carbon technologies to countries with large 
mitigation potential. A major concern in this respect is to increase the integration of non-BRIC 
developing countries through the development of new north-south and south-south routes.  

Building a technological base in developing countries

On top of the challenges present at the global scale, technological diffusion might also be an 
issue at the domestic level in absence of a mature market for low-carbon technologies.  Indeed, 
if there are no organized markets in the sector in which low-carbon technologies ought to be 
deployed, e.g. if there is no organized energy market, conventional policy measures such as price 
and quantity support measures can hardly be implemented. The usual alternative is to rely on 
foreign aid and development programs but these do not allow the technology base to build that 
will ensure autonomous scale-up and further diffusion. The Green-Win project is performing 
a case study of an approach to overcome these barriers in the field of biogas in Indonesia. 
The Indonesian domestic biogas program (BIRU) targets the development of a domestic biogas 
sector rather than the deployment of the technology per se. This approach involves the build-
up of a strong supply base, identification of the demand and the design of trading and financing 
schemes. Beyond a good performance in terms of scale and speed of diffusion (see Figure 3), 
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these developments then allow the domestic market to scale-up autonomously and possibly to 
spillover at the regional scale. This case study echoes the global outlook.  Both at the local and 
at the global scales, the efficient policies to foster technological diffusion are those that target 
structural change and aim at aligning the objectives of low-carbon technology deployment with 
mainstream trade and investment flows.
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Work programme

 Ø At national levels, GREEN-WIN analyses win-win opportunities that arise through integrating policies across 

different sectors, and advances state-of-the-art macro-economic models in order to identify green growth pathways. 

 Ø At local levels, GREEN-WIN carries out action research case studies to develop green business models and 

enabling environments in the following three areas: i) coastal flood risk management in Jakarta, Kiel, Rotterdam and 

Shanghai; ii) transformations in urban systems in Barcelona, Istanbul, Shanghai and Venice; and iii) energy poverty 

and climate-resilient livelihoods with case studies in India, Indonesia and South Africa. 

 Ø Cutting across both levels, GREEN-WIN investigates financial products and policies, as well as financial system 

reforms that redirect financial flows towards sustainability and climate action. 

 Ø All of these activities are embedded in an open dialogue between research institutes, international organisations, 

business, and civil society that co-develops shared narratives around win-win strategies, business opportunities and 

green growth pathways


