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WILL WE FIND THE SOLUTION?
THE LIMITED ROLE OF TECHNOLOGY TRANSFER
IN REDUCING THE GROWTH OF GREENHOUSE
GAS EMISSIONS FROM DEVELOPING COUNTRIES

Technocratic opinion suggests that existing, advanced technologies can help to
decouple economic growth and greenhouse gas emissions in developing countries.
Researches suggest that if these technologies are transferred to developing coun-
tries, they may “jump over” the most polluting phase of development. This paper
explores the role of technology transfer in the reduction of developing countries’
greenhouse gas emissions. Examples are taken from the electricity and transport
sectors. It is argued that however transferred energy efficiency and renewable en-
ergy technologies can significantly contribute to emission reduction, more radical
technological changes needed, otherwise progressive carbon lock-in occurs. It is
also argued that comprehensive policies and some conditions are crucial for suc-
cessful technology transfer, but domestic innovation and consumption related
measures are also needed in order to avoid scaling-out of efficiency gains.

In this essay energy related examples are taken with special focus on electricity
generation and transport sectors. Reason for this specification is twofold. Firstly,
CO2 is the biggest single contributor to greenhouse gas emission (GHG) and fossil
fuels are responsible for 2/3 of global CO2 emission (MARLAND 20061). Estimates
say that total CO2 emissions will rise by at least 30% by 2030 (IEA 2006). Secondly,
access to energy is a crucial factor of poverty mitigation, development and competi-
tiveness in the developing world, thus energy related carbon emission will most
likely increase with development if decarbonisation does not come about, and will
represent the biggest challenge in GHG mitigation. The forms of cited carbon miti-
gation measures are energy efficiency (EE) and renewable energies (RES).

Eco-efficient, greener technologies are available for developing countries (devel-
oping country) that were not in place for developed countries (DdC) in their earlier
stage of development. Free trade, globalization and foreign direct investments (FDI)
claim to enhance a theoretical possibility for developing countries to use of this
latecomer advantage to “jump over” the dirty phase of development (UNRUH 2000),
while they build up their production and consumption capacities to avoid the envi-
ronmental “mistakes” of the western world (GOLDEMBERG 1998, Perkins 2003).

Due to lower levels of pre-established routines and system lock-in in developing
countries (GOLDEMBERG 1998), this leapfrogging process can be faster and cheaper,
however the scope and speed is highly questionable (PERKINS et al. 2005). There is
strong technocratic belief in business circles (e.g. GWEC 2006) and in academia
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(e.g. PACALA et al. 2004, GOLDEMBERG 2006), that commercially available, less car-
bon intensive technologies will be enough to decouple developing countries’ grow-
ing carbon emission.

In this process, transfer of technologies can play a significant role (e.g. IPCC
2000, WORRELL 2001). According to WORRELL (2001:29) technology transfer is a
“process involving assessment, agreement, implementation, evaluation and ad-
aptation and repetition”. In line with others, he identifies “institutional barriers
and policies that influence the transaction process… (it’s) efficiency in particular
in the adaptation and repetition stages.”

The conditions and limits of technology transfer, as a GHG mitigation factor are
discussed hereafter.

Cleaner energy technology transfer may work more as “catching up” with devel-
oped countries rather then radical “leapfrogging ahead”.

It is often seen that with technology transfer better technologies are employed
then the local average, but they are not necessarily the best options available. Early
studies emphasise that technology transfer doesn’t work if it does not meet the
needs and capabilities of the receiver (BERQUIN, R. 1981, SAMLI, 1985, RAMANATHAN
2002), that is part of the explanation this “compromise”.

So the first question is: why would developing country governments take action
for the reason of GHG mitigating technology transfer?

Developing countries’ primary priorities are poverty mitigation, development and
competitiveness. This is especially valid for energy supply and fuel investments that
are hardly driven by climate change concerns (IPCC 2000). For this reasons, suc-
cessful transfer of energy related carbon mitigation technologies and strategies is
more likely if they help in meeting other socio-economic goals (PERKINS 2003).

Securing energy supply, diversification of resources is especially important for
fast growing developing economies.

Coal is the most widely available traditional energy source in China and India.
Using the example of coal, the main problems of technology transfer will be illus-
trated. Rapidly extending coal fired power-plans cause significant local environmental
and health problems (GARG 2001), and is the biggest CO2 source. Due to coal’s strate-
gic importance in security of supply, diversification and price stability, in the forth-
coming decades China and India will heavily count on coal (MCMULLAN 2001, VUURAN
2003, YANG 2006). Mainly economic concerns over relatively low levels of power plant
efficiency induce demand for coal-technology transfer from developed countries
(MARTINOUT 2001, RAGHUVANSHI 2006). These end-of-pipe (EOP) efficiency tech-
nologies, in line with other cleaner coal technologies like gasification and emission
control (HE 2002, WEIDOU 2004), represent important opportunities to –as
GOLDEMBERG (1998) puts it “leapfrog over” current dirty phases of development or
even “leapfrog ahead” of current Western technology standards. The problem is that
these technology transfers are not radical carbon-free technologies, and without any
kind of extra credit given to clean coal technologies and advanced energy efficiency
technologies, they are unlikely to diffuse (WATSON et al. 2000, MCMULLEN 2001).

Uncertainty of energy supply endangers development goals, while price increases
and fluctuations can easily melt the derived GDP gains (AWERBUCH et al. 2006).
Security concerns lead to strict policies on energy efficiency and utilization of do-
mestic RES resources with the possible positive side effect of GHG reduction (LU et
al. 2006). Such policies can be justified by the avoided costs and risks of imported
energy (MOREIRA et al. 1999, AWERBUCH et al. 2006).
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Local environmental concerns are usually much higher on the agenda in devel-
oping countries than global GHG mitigation, thus carbon emission reduction tech-
nologies that have other, additional positive environmental effects are more likely to
spread (GARG 2001). Despite some slight doubts (e.g. KRAM 1998) about the
strength of synergies between GHG abatement1 and other local environmental
benefits2, comparative case studies (e.g. WANG 1999, BURAN et al. 2003, Aunan
2004) and large scale examples, for example the public transport fuel switch project
to natural gas in Delhi (BELL 2004) and the ethanol programme in Brazil (MOREIRA
et al. 1999), seem to underline the claim of this synergy.

Available technologies have to find a market to spread. The first step to upscale
transferred EE and RES technologies is to find a niche market (KEMP et al. 1998). A
typical niche market for renewables is rural electrification (LORENZO 1997, WILKINS
2002). The plethora of small scale wind and photovoltaic (PV) projects in develop-
ing countries (e.g. RADY 1992, Acker et al. 1996, DRENNEN et al. 1996, LEW 2000,
AL-SOUD 2004, NARVARTE et al. 2005) have shown that where electricity grid ex-
pansion is costly, whilst intermittent electricity supply is generally accepted. RES
projects can be successful even with small subsidies (BISWAS 2004). Thus the
transfer of the latest and cheapest technologies to these rural areas can help to
avoid future carbon emissions by preventing fossil fuel dependency. The problem
with rural and small scale renewable electrification projects is their marginal overall
share in terms of electricity access and GHG reduction effect3 (SEBITOSI 2005). De-
spite this problem these niche markets are important to upscale transferred RES
and EE technologies.

Governmental action is needed to enable the diffusion of transferred technology.
Larger scale renewable energy projects need defined government intervention

(HUACUZ 1995, LU et al. 2006). technology transfer of state-of-the-art wind tur-
bines, modern biomass, large scale PV, etc “don’t buy themselves”. Incentives and
support policies are needed to spread these less polluting energy technologies
speedily (MCKIBBIN 2006).

An additional obstacle to environmentally friendly energy technologies is that in
most developing countries (conventional) “electricity and fossil fuels are often sub-
sidised” for socio-political reasons (BHATTACHARYYA 1995, OECD 1996, BEERS
2001), and risk-avoiding firms tend not to invest into the newest technologies, pre-
ferring mature, even end-of-pipe-technologies. Hence without government inter-
vention4, locally innovated or transferred EE and RES technologies find themselves
in a relatively worse competitive position (WILKINS 2002: 15).

Local industry development is an important motivation for government action to
spread transferred EE or RES technologies. The most well known example is the
Brazilian ethanol policy that was driven by the need to subsidize the agricultural
sector and the sugar cane industry. Intensive government intervention successfully
reduced the production costs of alcohol (MOREIRA et al. 1999) and helped to upscale
the technology to a competitive level5. The interesting result is the enormous pull
effect that was created for ethanol engines that reacted in the automobile industry

1 E.g. fuel switching, energy conservation, combustion technologies.
2 E.g NOx, SOx emission, particular matters.
3 Relatively successful PV project in Kenya could reach a 4% penetration in rural areas.
4 Elimination of perverse subsidies or support for EE and RES.
5 Price of ethanol in Brazil can be 80% of gas.
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and “re-enforced” the technology transfer. Case studies (e.g. FORSYTH 1998, LEW
2000, LEWIS 2007) for example highlighting the failure of local PV manufactures in
Brazil due to a lack of local manufacturing and distributing capacities, or the suc-
cess of UK windpump manufacturers in Africa due to stable connections, underline
the importance of local partnership in successful renewable energy technology
transfer (FORSYTH 1998).

The general lesson drawn here is in line with STERN’S suggestion (2006): suc-
cessful technology transfer is the outcome of market pull, technology push, govern-
mental actions and market forces.

Despite “comprehensive policy documents” in developing countries, additional
governmental actions in terms of “direction and regulation” are needed for the
adoption of these technologies and to yield economic and environmental gains
(D’SA et al. 2006:278).

The flip-side is the case of “pervasive diffusion” of these technology transfers,
and two long term implications are noted.

Firstly, these technology transfers further enforce carbon lock-in (AUNAN 2004),
because they multiply vested interests into the carbon economy, enforcing tradi-
tional carbon based “techno-institutional complexes” (UNRUH 2000). This is ex-
tremely important in the electricity generation sector, where asset lifetimes are over
20 years and return times are long (GELLER 2003). This means that even a radical
technology shift can take several decades. Trends of dependency on fossil fuels,
intense centralized power grid enhancement in Asian countries (KENNEDY 1997) and
the rapid increase of energy related CO2 may indicate that these have already af-
fected developed countries’ trajectories (LUUKKANEN et al. 2002).

Secondly, if these efficiency technology transfers decrease prices, in the long run
they will increase consumption (PEDOBNIK 2006:155), and therefore GHG emissions
as well. At this “accelerated phase”, carbon abatement will be much more expensive
(HUESMANN 2003). In this sense, long term logic justifies claims that developing
countries should commit themselves to environmental targets and should put strin-
gent regulation in place BEFORE this lock-in occurs; they can prevent some envi-
ronmental problems and uncontrolled GHG emission at an earlier stage and at
lower costs then developed countries, and development does not necessarily have to
be sacrificed (ANDERSON 2001:302). Without such policies, technology transfer is
unlikely to deliver desired GHG reduction.

The implication of the above is that governmental intervention and the system-
atic removal of barriers is unlikely to occur if advantages gained by the transferred
technology don’t meet with the needs of the receiver.

Several studies have dealt with obstacles of the transfer of less carbon intensive
technologies (e.g. FORSYTH 1999, WILKINS 2002, GALLAGHER 2006). It is now a gen-
eral consensus that even the best technologies can fail if necessary socio-economic
conditions are not in place, if the hosts’ capabilities are limited (BERKHOUT 2003,
KATHURIA 2002). These barriers are national context dependent (IPCC 2000).
Given the space limit of this paper, only capital constraints and FDI, and the role of
software and human capital are discussed here.

CAPITAL NEEDS AND COSTS OF TECHNOLOGY TRANSFER

Technology transfer under financial constraints and unsuitable policies might re-
sult in the “lock-out” of the most efficient technologies. An example is the spreading
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of mid-sized (up to 750 MW) wind turbines1 in India instead of bigger, more effi-
cient, state-of-the-art ones (1,8-2,5 MW), which are much more cost-effective but
their capital intensity is also much higher (BAKSHI 2002, JAGADEESH 2000). The
main reason for smaller turbine instalments is that they are simply exported from
Europe, where they are replaced by bigger ones. Given the fact that the lifetime of
these turbines is over 20 years, this shows how RES technology transfer can result
in less efficient position fixation.

In other cases these financial constraints can lead to radical energy technology
change, with intense technology transfer involvement. The example of small island
states underlines the importance of resources in technology trajectories and eco-
nomical rationality. These states, due to the lack of local fossil fuels and financial
constraints, have extensively employed advanced, cleaner technologies for the utili-
zation of renewable resources (DUI 2004, WEISSER 2004a, WEISSER 2004b).

However baseline efficiency can be very different in different developed econo-
mies. As with mitigation costs, these are not necessarily dependent on available
opportunities (KRAM 1998.2). Large scale, capital intensive investments might look
good at the micro level, but could be less appealing at macro level in economies
where capital is scare (WEYANT 1998:9). Derived from this, the question might be:
which mitigation actions have net costs, and which are no-regret-solutions. Esti-
mates show that carbon emissions projections for no-regret solutions can be 10-
30% lower than without these options (WEYANT 1998).

Calculations on the Chinese electricity sector suggest that even if “significant carbon
emission limits are put in place” it would not cost more than BAU (LARSON et al. 2003).

Nevertheless, developing countries are usually less well-off in terms of capital
and the main target of FDI, thus the role FDI is important.

FDI is often regarded as a main vehicle of technology transfer. Its direction used to
be exclusively considered from developed to developing countries. Least developed
countries with low technical level, and developing countries in the 1950-60s generally,
often received not only specific knowledge, but “package technologies” with technical
assistance (KAYNAK 1985). Often failure of this kind of technology transfer caused
disappointment in the developing world, and revealed the complexity of technology
transfer and the role of host country circumstances that were not ideal for integrating
the new technology into the economy and society (POZNANSKI 1984), or where tech-
nology donors did not understand the special, local conditions (GUERIN 2001).

This sheds light on the complexity of technology transfer. Due to space con-
straints only the software element of technology transfer is highlighted here. Re-
search found that the positive spill over effect of technology transfer on productivity
and efficiency is not automatic, but requires a minimum level of accumulated hu-
man capital and R&D in the host country (XU 2000, POTTERIE 2001).

Wind energy examples can be cited here. In South-India, some 40% of wind tur-
bines are situated in sub-optimal locations, due to insufficient design knowledge
(BAKSHI 2004), while the lack of wind technology certification capacities hinders
domestic turbine production in India and China (KLINE 2004). This finding under-
lines the importance of scientific capacity development in host countries (HARRIS

1 In recent 2-3 years this trend has changed, but the already installed capacities will unlikely be
replaced by newer technologies.
2 E.g. natural gas supply, large existing investments in carbon-free alternatives and low energy
use/GDP as conditions.
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2004). For the spread of transferred technologies as a precondition, firms must get
involved in adaptation and the creation of technologies (PACK 1997:87). This under-
lines the importance of domestic innovation capacities for the effectiveness of tech-
nology transfer adaptation. Heavy dependence on FDI and FDI transferred tech-
nologies can result “atrophy” of domestic innovation, thus the chance to develop
“tailor-made” solutions.

Possible advantages of recently experienced south-south (S-S) FDI flow (UNCTAD
2006) and S-S technology transfer are worth mentioning here. One is that more
equally developed countries with similar opportunities and problems can more easily
find solutions (ESWA 2004), and developing country multinationals (developing
country MNCs) are more likely to have more roots in the local economy, and thus have
a more positive effect (GELB 2005: 201). Another issue is the possibility created to
share complementary assets for technological improvement and technology transfer.

Regarding energy sector related technology transfer one should be cautious about
exaggerating possibilities created by S-S FDI for three reasons. Firstly, because sig-
nificant portions of these investments are mainly mergers and acquisitions1, without
EE or RES investments (UNCTAD 2006). Secondly, because lower environmental
performance of these developing country MNCs might reinforce the lock-out effect
and result in lower efficiency level fixation. Thirdly, because most host countries
(e.g. mainly in Africa) might lack the above mentioned minimum human capital.

Based on the above, one can conclude that technology transfer does definitely
have a role in developing countries’ GHG mitigation, but success depends on several
circumstances, and is based on a complex approach. Adequate policies and tools
have to be developed to fully utilize opportunities.

The most important limit of technology transfer is the scale of emissions growth.
Under current trends, developing countries energy-use patterns will soon con-

verge with those of developed countries’ (MIELNIK et al. 2000). Future population
levels and growth will be main elements of carbon emissions (WEYANT 1998). Key
developing countries show very high economic growth, with the implication that:
even if significant efficiency increase is achieved (compared to the relatively low
current standards) this can be easily offset by rapid economic growth-induced emis-
sions increases (KRAM 19982). Different calculations exist, but even twofold eco-
efficiency and EE gains in a relatively short term (2-3 decades) can be out-scaled by
consumption and development in a decade, and in 25 years the environmental im-
pact can be the same as it was initially (HUESEMANN 2003).

As technology transfer focused solutions don’t contest the growth model, eco-
efficiency improvements further promote consumption-growth. Thus it is a real
threat that growth and consumption will out-scale efficiency gains.

CONCLUSIONS

The role of energy related technology transfer in greenhouse gas emissions from
developing countries was discussed in this paper.

It has been shown in GHG emission reduction technology transfer does have a
role, but only if certain circumstances stand, and if they contribute to multiple

1 That raise significant security concerns.
2 P. 174.
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goals. It has been pointed out that technology transfer can easily result in progres-
sive carbon lock-in when GHG reduction becomes more difficult.

Transferred technologies need nisch markets to upscale and government actions
to yield economic and environmental gains. developing countries motivations,
needs and capabilities with a special attention on domestic innovative capacities
were emphasised, as an important factor of technology transfer adoption and fur-
ther GHG reduction technologies’ development.

The main conclusion is that technology transfer and domestic innovation could
easily be insufficient, if development and energy consumption growth induced car-
bon emission out-scales carbon emission reduction results, thus the importance of
complex, early policy formulation is stressed that can lead to radical technology
change and addresses population and consumption problems.
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