
Role of Co-InnovatIon In aCCeleRatIng 
towaRds ClImate neutRalIty

Introduction

Technology has been playing a piv-
otal role in steering the development 

of the economy worldwide (IPCC, 2007). 
Economic development and increasing 
production and consumption patterns 
have resulted in increased greenhouse gas 
(GHG) emissions. On the other hand, it is 
widely understood that the use of clean 
technology can significantly help reduce 
greenhouse gas emissions and help miti-
gate climate change impacts. 
Today, as the world is witnessing an 
alarming trend in terms of growing GHG 
emissions, it is important to make use 
of advanced clean technologies to leap-
frog towards carbon neutrality. The Sus-
tainable Development Scenario (SDS) 
of the International Energy Agency (IEA, 
2021) highlighted that radical technology 
transformation is required in all key sec-
tors, especially the energy sector to en-
able countries to achieve their net-zero 
emissions targets. These changes should 
go well beyond nominal or incremental 
changes of existing technology options. In 
fact, these should be disruptive technolo-
gies and urgently needed integration into 
the key sectors. For the energy sector, the 
SDS focuses on four types of technology 
options: electrifying end-use sectors (such 
as advanced batteries); integrating carbon 
capture, utilisation and storage (CCUS); 
developing hydrogen and hydrogen-
related fuels; and developing bioenergy 
(IEA, 2021). Similarly, technology changes 
are also critical for other industrial sectors 
as well as the transportation sector, which 
together are responsible for a significant 
share of energy consumption and the cor-
responding GHG emissions. 

Technological innovation and efficient 
technology sharing mechanisms are 
important for the global community to 
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make better use of clean technologies in 
meeting carbon-neutrality goals (Wang, 
et al., 2021). There are various technology 
collaboration approaches to facilitate 
the transfer of technology or know-how 
among countries. The Clean Develop-
ment Mechanism (CDM), which is defined 
in Article 12 of the Kyoto Protocol under 
the United Nations Framework Conven-
tion on Climate Change (UNFCCC), has 
played a major role in clean technology 
collaboration. The CDM is viewed as the 
first global environmental investment 
and credit scheme of its kind, providing a 
standardised emissions offset instrument 
(UNFCCC, 1997). Other notable efforts 
such as the formation of Technology Ex-
ecutive Committee (TEC) and the Climate 
Technology Centre and Network (CTCN) 
under the guidance of UNFCCC have also 
made substantial progress in the greater 
use of advanced technologies across the 
world. However, availability, affordability, 
accessibility, and adaptability remain key 
challenges that continue to hinder tech-
nology integration. 

The remainder of this paper is divided 
into four sections. Section 2 discusses 
technology cooperation in the backdrop 
of net-zero emissions targets, and Section 
3 highlights the clean technology collab-
oration in the Asian region. In section 4, 
the paper elaborates on the concept of 
co-innovation and its sustainability and 
the scalability and replicability objec-
tives of advanced clean technologies. 
It also discusses policy and legal and fi-
nancial mechanisms necessary to enable 
co-innovation. Section 5 provides a con-
clusion and identifies some key policy 
recommendations. 

Need for technology 
collaboration against the 
backdrop of net-zero targets
Low-carbon technology transfer has been 
one of the central agendas for develop-
ing countries to enhance their economic 
development and reduce their GHG emis-
sions. The expectation for developing 
countries has been to receive technolo-
gies from developed countries, espe-
cially from the global North and China. 

Conventional technology transfer typ-
ically relies on capital imports, foreign 
direct investment (FDI), international aid 
programmes, technology licensing, and 
joint ventures with multinational corpo-
rations (Lema & Lema, 2012) or countries. 
These channels rely heavily on the transfer 
of “hardware” and foreign counterpart’s 
technology and investment, focusing on 
more diffusion in the recipient countries 
(Ockwell & Mallett, 2012). This type of 
conventional transfer also involves major 
financial outlays for capital imports and 
licensing, often draining the recipient 
country of financial resources. The lack 
of soft skills and know-how in adopting 
these technologies, the failure to develop 
locally matched and adaptable technolo-
gies, the lack of transfer of intellectual 
property rights, the lack of markets, and 
other relevant issues have hindered these 
traditional technology transfer mecha-
nisms (see also, for example, (Kirchherr & 
Urban, 2018; Lema, et al., 2015). For con-
ventional transfer, FDI and joint ventures 
tend to showcase more successful and 
sustainable cases (Lee & Tan, 2007; Pigato, 
et al., 2020). However, most of these suc-
cessful technology transfer mechanisms 
have gone beyond the conventional 
transfer approaches and have built their 
ecosystems. Such ecosystems involves the 
development of a base technology origin-
ally transferred from the source country, 
fine-tuning the same according to local 
needs, and continuously incorporating 
elements of local knowledge and market 
conditions as well as taking into account 
the economic, social, and environmental 
conditions of the recipient. The develop-
ment of Maruti-Suzuki in India’s passenger 
car manufacturing sector is an example, 
which has even become a household 
name in the Indian market. 

Some key emerging technologies are 
considered crucial for achieving net-zero 
targets. Examples hydrogen, efficient bat-
teries, and Carbon Capture and Utilisation 
and Storage (CCUS). Though full viability 
of emerging technologies remains ques-
tioned, innovation is making such tech-
nologies more and more available. The 
renewables such as solar energy and wind 

energy have already become the main-
stream alternative energy sources. This is 
primarily because the increase in the scale 
of deployment and such economy of scale 
has led to a rapid decline in cost. It now 
costs less to generate these forms of re-
newable energy, especially solar and on-
shore wind energy, than it does to generate 
energy from fossil fuels in many countries 
(IEA, 2020). However, upfront costs re-
main high for many developing countries, 
which hinders wider access to low-carbon 
technologies in developing economies 
(Pigato, et al., 2020). Developing econo-
mies lack not only technology but also 
finance and capacity. There are also limi-
tations to accessing technology, investing 
in fundamental research and development 
(R & D), and sustainably disseminating the 
technology. Some economies promote lo-
cally developed and popular approaches 
for reducing costs and lowering the com-
plexity needed in production, which is 
often termed frugal innovation (Bhatti, et 
al., 2013) or “jugaad” innovation in the In-
dian context (Leliveld & Knorringa, 2017). 
However, this is a just short-term solution, 
and what is needed is an ecosystem to 
leapfrog in technology and innovation that 
could eventually help a country accelerate 
towards carbon neutrality.

Clean technology 
collaboration in Asia 
Countries continue to face significant 
challenges due to the change in climate. 
In the Asian region, one of the most press-
ing issues is, as several studies have indi-
cated, that many Asian coastal cities would 
potentially be submerged if ocean levels 
continue to rise (Cao, et al., 2021). This 
demonstrates the urgency of accelerating 
efforts on climate mitigation and adapta-
tion targets and also meeting net-zero 
targets in the coming decades. Although 
many countries have been making signifi-
cant efforts towards these goals, assess-
ments have been indicating that the goals 
set by many economies are still insuffi-
ciently ambitious (Climate Action Tracker, 
2022). The continuous and rapid growth in 
Asian region, however, faces a challenge 
in balancing the increasing demand for 
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energy and altering existing patterns of 
consumption and production to make a 
noticeable reduction in GHG emissions. 
Technology innovation and clean energy 
development play a key role in this regard 
by reducing GHG emissions without com-
promising the growth objective. This sug-
gests that greater policy attention needs 
to be paid to the integration of clean 
technologies also to offer the co-benefit 
of helping to achieve sustainable devel-
opment targets.

Technology collaboration initiatives in the 
Asian region are mostly fragmented. The 
common type of collaboration is the sale of 
advanced technology-based equipment 
by donor countries to recipient countries. 
Among the Asian countries, China has a 
market advantage over other countries 
and has played a remarkable role in dis-
seminating efficient equipment based on 
clean energy technology, under competi-
tive cost conditions (Janardhanan, 2021). 
The economy of scale and cheap labour 
help China supply equipment and ma-
chinery at lower cost in the international 
market. Due to this, many countries in 
Asia are heavily dependent on the supply 
chains from China. For example, India’s re-
newable energy sector with its ambitious 
target of having 500 GW of installed cap-
acity by 2030 depends on China for equip-
ment and machinery supplies. 

There have also been several bilateral col-
laboration initiatives on the technology 
front among other countries in the re-
gion. Japan has been actively contributing 
to the transfer of technology for energy-, 
 environment-, agriculture-, and health-
related activities in East, Southeast, and 
South Asian countries since the mid-twen-
tieth century. Probably one of Japan’s most 
efficient technology transfer platforms is 
the Joint Crediting Mechanism (JCM) (see 
Box 1).

The JCM has the potential to evolve into 
a more efficient technology collaboration 
approach by involving newer partners 
from across the globe. The replicability 
of the projects to introduce various new 

technologies would also contribute to 
achieving a broader range of goals and 
targets under the SDGs.

It is important to note that several  recipient 
countries are keen to strengthen their do-
mestic manufacturing industry, which in 
turn can contribute to the employment 
scenario and the local economy. The pre-
vailing technology transfer mechanisms 
only make the recipient countries cus-
tomers of advanced technology supplier 
countries and do not facilitate a condu-
cive environment for learning, scaling up, 
and replicating technology applications. 
This demands a significant change in the 
way technology collaboration has been 
done to date. The next section focuses 
on co-innovation and explains how it 
can contribute to strengthening tech-
nology collaboration between source and 
 recipient countries.

Co-innovation: addressing 
barriers to technology 
collaboration 
The existing mechanisms of traditional 
technology transfer broadly hinder the 
actualisation of the four As of technology 
collaboration—availability, accessibility, 
affordability, and adaptability—in the 
following ways.1

The primary challenge of any shift towards 
newer low-carbon alternatives is to make 
sure that these technologies are available 
in the first place. The availability of alter-
natives through technology transfer is a 
collective challenge incurred by all the 
stakeholders involved. The governments 
of recipient countries act as key players in 
guaranteeing this ‘availability’ via legal and 
policy frameworks such as patent laws and 
science and technology (S & T) develop-
ment plans. The challenges in addressing 
the availability issue are manifold and in-
clude ensuring that relevant technologies 
are adopted and absorbed according to 
local situations, eliminating non-measur-
able barriers to the entry of technology 
(such as stringent local content require-
ments in recipient countries that may pose 

practical infeasibilities for the host to set 
up industries), and providing space for 
building indigenous R & D and production 
bases in recipient countries. By establish-
ing technology collaborative laboratories 
(CoLabs) (or facilities for collaboration 
among active knowledge-sharing stake-
holders), the collaboration stage of the co-
innovation model seeks to address these 
availability issues.

The next significant challenge is acces-
sibility. Once the technologies are made 
available, such technologies must reach 
end users. Equitable access, patent 
mechanisms, lab-to-market penetra-
tions, and supply chain continuity, thus, 
become the next set of concerns. One of 
the major impediments to the market ap-
plicability of new technologies is the lack 
of a harmonised set of national standards. 
International standards, unless they are 
mandated by national regulation, act as 
mere voluntary guidelines. This may cre-
ate market differences that may eventu-
ally impact the accessibility of alternative 
technologies. Hence, through expert con-
sultation processes within the governing 
bodies, governments must develop syn-
chronisation of their technical and safety 
regulations into a consensual international 
set of standards. Furthermore, market ac-
cessibility can also be augmented with 
green public procurement policies that 
may incentivise the local production of 
imbibed technologies. These issues can 
also be resolved at the collaborative stage 
(see Figure 1 below).

A technology that is newly accessible in 
the market may not be affordable to the 
end user. The upfront production cost of 
the alternatives, without any subsidies or 
market incentives, directly passes on to 
the end-user. For instance, it is observed 
that the production costs of the low-
GWP (low global-warming potential) 
cooling blends are more expensive than 
the refrigerant components themselves, 
rendering the transition to sustainable 
cooling costly (UNEP, 2020). The add-
itional cost of highly energy-efficient and 

1  The four As are typically a generic analytical framework for analysis of the twin goals of energy security and climate mitigation.
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Box 1: Joint Crediting Mechanism

The JCM facilitates the diffusion of advanced low-carbon and zero-emission technologies, products, 
systems, services, and infrastructure, which contributes to sustainable development in developing 
countries (Government of Japan, 2013). Japan initiated this mechanism to accelerate a low-carbon 
society through bilateral cooperation by transferring advanced and high-efficiency technologies 
with financial support from the government of Japan. 

To implement projects to transfer low-carbon and zero-emission technologies through the JCM, 
private entities from Japan and a partner country have to establish an international consortium to 
apply for JCM financial support. Various advanced technologies have high upfront costs, making it 
difficult for developing countries to implement and invest. Through the JCM, the Japanese govern-
ment covers a part of the initial investment to install low-carbon and zero-emission technologies. 
Under the JCM, GHG emission reductions or removals from implemented projects are quantitatively 
evaluated by applying a measurement, reporting and verification (MRV) approach (Government 
of Japan, 2013).

The first bilateral agreement of the JCM was established between Japan and Mongolia in 2013 and 
currently, there are 17 partner countries from the Asia Pacific, Africa, and Latin American regions 
(Government of Japan, 2013). As of December 2021, a total of 205 projects received JCM financing 
support from Japan’s Ministry of the Environment. The expected GHG emission reductions from 
all these projects are more than 19 MtCO2 by 2030 (Ministry of the Environment, Government of 
Japan, 2021a).

Through the JCM, capacity building and technical training are conducted to transfer advanced 
technologies smoothly in partner countries. With a view to implementing low-carbon and zero-e-
mission technologies such as solar PV, the project participants from the Japanese side have regularly 
organised vocational training (e.g., workshops and webinars) to improve local partners’ capacity 
building (Murun & Tsukui, 2020a). This aims to enhance the technical skills of local employees and 
technicians to operationalise and maintain technologies by themselves and ensure the sustaina-
bility of project implementation. 

However, Japan and partner countries may need to improve and enhance the JCM for scaling up 
projects to reach their maximum potential. This requires active involvement from the private sector. 
Additionally, smoother processes may need to be developed to pursue the JCM financial support 
process, for which ease of documentation would be critical. As collaboration is built on mutual trust, 
stronger partnership between private entities from both Japan and partner countries is a neces-
sary element in the efficient implementation and monitoring of JCM (JCM Mongolia, 2017). Since 
the JCM monitoring period is more than 10 years depending on the project type, it is important to 
develop and implement projects that are easy to monitor and maintain in the long term. One of 
the most important elements of the governance of the JCM is a joint committee (JC) constituting 
representatives from both Japan and partner countries. The JC can make all necessary decisions 
related to adopting rules, guidelines, and project registration under the JCM (JCM Joint Committee, 
2013). Due to this equal partnership and collaboration, partner countries can transfer and introduce 
the technologies and projects that would contribute to their sustainable development (SD) and the 
achievement of sustainable development goals (SDGs). 
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low-carbon equipment is often passed on 
to the customers. Furthermore, state reg-
ulations should also ensure demand-side 
efficiency and place policies to reap econ-
omies of scale. The co-innovation entry-
stage should conduct impact assessments 
of the differential tax regimes on the final 
product and evaluate the cost-benefits of 
incentivizing speedy firms for early adop-
tion, moving fast, and greener consumer 
preferences.Adaptability principally 
focuses on end-users’ ability to make full 
use of an imported technology or a tech-
nology’s adaptability to the local require-
ments of end users. A common direction 
of technology transfer is from the Global 
North to the South. Often the local condi-
tions and needs in the Global North are far 
different from those in the Global South. 
Thus, the consideration of socio-economic 
and environmental factors are particularly 
important. The adaptability to technology 
can be accomplished through integrated 
learning of local demand conditions and 

local knowledge in designing equipment 
or machinery. Mechanisms and efficiency 
checks, regular awareness programmes 
for consumers, skilling and reskilling pro-
grammes to enhance the employability 
of locals, training sessions for technicians, 
and independent assessments of climate 
co-benefits, etc. are important elements 
that can enhance the adaptability of a 
technology. The recipient stakeholder 
should have a better role in designing and 
improving the adaptability of new tech-
nology. Additionally, a market surveillance 
mechanism across sectors, products, and 
collaborative governments has to be set 
up to safeguard consumers from market 
shocks and non-compliant equipment. 

The idea of co-innovation emerged in re-
sponse to the mismatch in technology 
transfer practices. Co-innovation substan-
tially improves the four As of technology 
collaboration. Co-innovation is defined 
as “a collaborative and iterative approach 

to jointly innovate, manufacture, and scale 
up technologies” [Janardhanan, 2019; 
Janardhanan, et al., 2020]. It also reflects 
the continuous exchange of knowledge 
among all stakeholders including scien-
tists, manufacturers, and the end-users 
of technology to improve the product 
(Janardhanan, 2021). Unlike conventional 
technology transfer, which is a linear en-
gagement of source and recipient play-
ers, co-innovation presents an organic 
engagement between the partners given 
greater adaptability of technology in the 
recipient country. Co-innovation brings 
profound changes to the industrial world’s 
operating rules (Maniak & Midler, 2008) 
by facilitating technology fine-tuning 
to ensure greater adaptability to various 
regions. 

Figure 1 demonstrates three major phases 
of co-innovation: (a) collaboration, (b) in-
novation and development, and (c) out-
comes.

Figure 1: Co-innovation Conceptual Framework
Source: Janardhanan, et al., (2021a)
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The first phase aims to establish a collab-
oration among partners involved in the 
co-innovation—the source and recipient 
partners. While the source partner is the 
one from which the base technology origi-
nates, the recipient partner is the host that 
collaborates in fine-tuning the technology 
application. The second phase demon-
strates the entry stages of the collabor-
ation. For a technology to be available in 
the market, it has to go through numerous 

stages from conceptualisation to design to 
development and marketing. The collab-
oration can happen at any stage between 
the partners, with the ultimate goal being 
fine-tuning and customising the tech-
nology so that it can be implemented in 
multiple geographic contexts. The third 
stage demonstrates specific advantages 
of co-innovation. While the source partner 
gets the benefit of a large market presence 
and business expansion opportunities, the 

recipient partner benefits from economic, 
environmental, and employment oppor-
tunities. At the same time, there are also 
common benefits for both, which include 
scalability and replicability, environmental 
benefits of reducing emissions, and the 
sharing of generated carbon credits. 

The case study below (Box 2) demon-
strates the opportunities for technology 
collaboration under co-innovation be-
tween India and Japan. 

Box 2: Opportunities for Co-innovation between Japan and India

Based on work experience by the author through working on the identification of new and efficient 
technological options for Small and Medium-sized Enterprises (SMEs), the following three Low 
Carbon Technologies (LCTs) offer good opportunities for co-innovation between India and Japan: 

i. Automatic looms (textile sector): Globally, India is the second-largest producer of textiles. About 
95% of the 2.8 million looms installed in India are semi-automatic, conventional shuttle looms. 
The adoption of automatic looms in place of the conventional shuttle looms will increase pro-
ductivity and improve the efficiency and quality of the fabric produced. At present, there are 
no manufacturers of automatic looms in India. Japan has some of the leading manufacturers 
of automatic looms like Tsudakoma and Toyota. However, the penetration of Japanese looms 
in the Indian market remains low mainly due to high costs. Considering the market potential 
in India, this technology is an ideal candidate for co-innovation. 

ii. Efficient smelting furnaces (secondary aluminium sector): Aluminium is the second most used 
metal after steel. Secondary aluminium processing, which involves the conversion of ingots and 
scrap to cast and extruded products, is concentrated in the SME sector. The energy consump-
tion of and consequently the GHG emissions from the secondary aluminium sector are quite 
high. Most units use conventional, inefficient oil-fired smelting furnaces. Some of the leading 
manufacturers of smelting furnaces in Japan are Nihon Kohnetsu and Sanken Sangyo. At pre-
sent, only a few SME aluminium units can afford to buy smelting furnaces available in industri-
alised countries like Japan. The joint development of an energy-efficient smelting furnace for 
the aluminium industry with Japanese experts will significantly reduce energy consumption 
and GHG emissions. 

iii. Energy-efficient agricultural pump-sets (pump-manufacturing sector): Agricultural pumps are 
a major consumer of electricity. More than 20 million agricultural pumps are in operation in 
India and about 2 million pumps are added annually. Most agricultural pumps manufactured 
in India have low efficiency and poor reliability. It would be a good opportunity to improve the 
efficiency of the locally made agricultural pumps by up to 40 per cent through co-innovation 
between Indian and Japanese agricultural pump manufacturers like Xylem and Tsurumi. Large-
scale adoption of energy-efficient pumps would lead to huge electricity savings with consequent 
reduction in GHG emissions. 

Source: Excerpts from the joint research conducted by the Institute for Global Environmental Strategies (IGES, Japan) and the Energy 
and Resources Institute (TERI, India), titled ‘Co-innovation of low-carbon technologies for Small and Medium Enterprises: a framework for 
strengthening technology cooperation between Japan and India’ (Janardhanan, et al., 2021b)
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Sustainability, scalability, and 
replicability of technologies through 
co-innovation
Unlike conventional technology transfers, 
co-innovation focuses on collaboration to 
fine-tune and customise technologies that 
are beneficial to climate change mitiga-
tion and carbon neutrality and that align 
with the key objectives of (a) sustainability, 
(b) scalability, and (c) replicability of low 
carbon technologies. 

• Sustainability: The core objective of co-
innovation is to promote sustainability 
through collaboration in the develop-
ment and implementation of technolo-
gies that accelerate climate co-benefits. 
While the main goal of using new tech-
nology is often economic, projecting 
its social or environmental benefits 
accelerates decision-making processes 
to recognise its additional value. The 
recognition of co-benefits opens up a 
“window of opportunity” for additional 
policy goals to be achieved (Mayrhofer 
& Gupta, 2016). This can also help allay 
concerns over GHG mitigation costs 
(Janardhanan, et al., 2021a). 

• Scalability: Enhancing the scalability of 
technology collaboration can broaden 
the reach of its outcomes to cover a 
wider set of beneficiaries. Collaboration 
on innovative technology remains crit-
ical for climate mitigation and SDGs. It 
is often reiterated by experts that a 
business-as-usual scenario may not be 
sufficient to address climate mitigation 
needs. There is a greater need to scale 
up clean technologies (WEF, 2015) and 
promote their usage across the various 
sectors and key industries that are re-
sponsible for GHG emissions. While a 
particular technology may be relevant 
in its initial stages for medium or small 
industries, it may well have the poten-
tial to be scaled up, applied, and imple-
mented in larger industries to reduce 
emissions there as well. The scaling up 
of technology application in this way 
is extremely important in reaping the 
emission reduction benefits of clean 
technologies. 

• Replicability: Accelerating replicability 
is a core element of co-innovation. 

The flexibility for adapting a newly 
developed technology to multiple 
geographical contexts has beneficial 
effects in addressing climate change  
(Azimoh, et al., 2017). Unlike traditional 
technology transfer that works in a 
linear direction from the source to the 
recipient, co-innovation is aimed at uti-
lising the jointly developed technology 
or equipment in a wider geographic 
context. As replicability boosts eco-
nomic benefits and offers wider usage 
of clean technologies, it also incentiv-
izes decision-making to promote more 
co-innovation initiatives.

Policy, legal, and financial 
mechanisms to enable co-innovation
When technology is merely diffused, the 
transfer of tacit knowledge to a recipient 
country may not be guaranteed (Lema 
& Lema, 2016). It is now evident that the 
years of conventional technology transfer 
mechanisms (such as FDI, technology 
licensing, and joint ventures) have not 
improved the absorptive capacities of 
technology in recipient countries at the 
local level. 

Firstly, for the diffusion of technologies 
and technological expertise to suit local 
production, local governments require 
considerable capacity. While an increas-
ing number of countries have dedicated 
separate ministries for the environment 
and climate change, coordinated func-
tioning of institutions and departmental 
task forces may improve the implemen-
tation of the co-innovation model. Most 
economies follow a top-down approach to 
climate action, particularly in the transfer 
of low-carbon and other climate-sound 
technologies. There must be synergy 
among local, state and national-level 
agencies so that technology can cater to 
different local conditions. Even for cases 
where fiscal autonomy is conferred to local 
governments, it has been observed that 
local governments prioritise economic 
growth over climate action, and hence 
refrain from investing in risk-prone newer 
technologies and industries to generate 
revenues (Zhou, 2019). The crucial role of 
subnational agencies in co-innovation can 

be understood through the following two 
cases. The first case can be seen in China, 
where, despite the establishment of an 
inter-ministerial National Coordinating 
Committee on Climate Change Policy 
(NCCCC), we see that excessive centralisa-
tion and the lack of coordination between 
administrative agencies severely affect the 
motivation of local governments in invest-
ing in newer, risk-prone climate technolo-
gies. This indicates that local governments 
cannot merely be given supervisory roles 
to monitor national standards; they rather 
should be made active players in contrib-
uting to recipient inputs at the collab-
oration stage. The second case involves 
subnational agencies in India, which have 
made commendable use of the quasi-
federal structure of the government and 
moved towards institutional innovation 
by providing entrepreneurial support for 
clean energy innovation (Singh, 2021). 
State-level economic advisory councils 
have enabled support and alignment of 
national and sub-national net-zero tar-
gets. Thus, inter-departmental coordin-
ation within the domestic landscape can 
attract foreign governments and agencies 
to collaborate effectively.

Secondly, a major legal hurdle in the in-
novation and development stage of co-
innovation is that the local intellectual 
property (IP) laws are not on a par with 
global standards. For instance, in the case 
of China, policies aspire to acquire tech-
nology “by various means” (Hannas & 
Tatlow, 2021) . As a member of the World 
Trade Organization (WTO), the Chinese 
state is bound for certain amendments 
in its national patent law. However, the 
enforcement mechanisms, the national 
review process, and the litigation sys-
tems in China are fractured, hindering ef-
fective technology transfer. While national 
policies aim for self-reliance through indi-
genous innovation, the promise of open 
innovation and knowledge-sharing is 
put under scrutiny due to various ‘extra-
legal’ modes of technology transfers in 
China. Such a presence of vague IP laws 
and extra-legal personnel and organisa-
tions may lead to a lack of confidence 
and trust for host countries to collaborate 
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with China and envision mutually benefit-
ting co-innovation outcomes. In line with 
China, most developing countries have 
contradicting IP regulations. While un-
conventional transfer mechanisms such 
as joint R & D ventures and strategic alli-
ances (Lema & Lema, 2016) are emerging 
in low-carbon technologies, there exists 
a simultaneous practice of traditional 
modes of technology use licensing, IP 
selling, etc. that hinder co-innovation even 
at the entry stages. This situation can be 
addressed by experimenting with alter-
natives to collaborative IP mechanisms 
such as patent pools (WIPO, 2014). Patent 
pools not only reap shared benefits but 
also reduce transaction costs. By setting 
up technology patent pools that incorp-
orate a greater number of actors into the 
agreement, not only is access to techno-
logical know-how ensured but innovation 
rates are also bound to increase (Hoven-
kamp & Hovenkamp, 2017).

Thirdly, the co-innovation model will 
work only with a robust financial mech-
anism. Article 4.5 of the UNFCCC calls for 
developed (Annex I) countries not only 
to transfer technologies and know-how 
to other parties but also to “facilitate and 
finance” such transfers. While many corpo-
rates and regional organisations such as 
the European Union (EU) have established 
innovation funds, at present, there is no 
overhauling international fund specific-
ally for technology transfer or co-inno-
vation. Through the traditional modes of 
technology transfer, certain developed 
countries have been providing financial 
assistance to the least developed countries 
(LDCs) via one-time non-reimbursable 
grants (as a part of their implementation 
of Article 66.2 of the Agreement on Trade-
Related Aspects of Intellectual Property 
Rights (TRIPS)). However, the transition 
towards co-innovation models requires 
alternative financing mechanisms at all 
stages of development. Ideally, public 
funding would initiate such new high-risk 
projects, with governments also provid-
ing the R & D base and tax incentives to 
the collaborative parties. With evolving 
modes of financing mechanisms, govern-
ments can also support alternative private 

financings such as venture capital funds, 
incubators, and accelerators, rather than 
engaging only with major corporations 
and multinational companies.  

Finally, with the CDM offering carbon off-
sets, there have been various concerns 
over the implementation of offsetting and 
the quality of the offsets. The benefits of 
shared carbon credits that the co-innova-
tion model promises will be materialised 
only when the concerns of market-based 
balancing approaches are resolved using 
accurate quantification of GHG reductions 
with rigorous social accountability mecha-
nisms in place. 

Conclusion and policy 
recommendations
This paper discussed the need for clean 
technology against the backdrop of 
net-zero targets and the role of co-inno-
vation. As climate change mitigation 
remains an urgent task for the world, it is 
imperative for the global community to 
enable developing countries to address 
this challenge collectively. Technology 
remains an integral part of mitigation 
efforts, and closing the gap in the avail-
ability, accessibility, affordability and 
adaptability of low-carbon solutions 
deserves paramount policy attention in 
both developing and developed coun-
tries. The paper discussed co-innovation, 
which is a collaborative and iterative 
approach to jointly innovating, manufac-
turing, and scaling up low-carbon tech-
nology. As radical changes are required in 
the way technology is developed, used, 
and disseminated, co-innovation will be 
a useful approach. The paper also high-
lighted that sustainability, scalability, and 
replicability will need to form the central 
elements of technology collaboration. 
Further, conducive policy and legal and 
financial enablers would play a critical 
role in building co-innovation.

Four specific policy recommendations can 
be suggested to promote co-innovation 
for achieving climate neutrality.

• Going beyond business-as-usual 
pathways: To accelerate along cli-
mate neutrality pathways, countries 

need to promote clean technology 
using approaches beyond conven-
tional, business-as-usual pathways. 
In promoting the co-innovation of 
technology, joint conceptualization, 
innovation, and production, and scal-
ing up would be some of the critical 
approaches that offer economic and 
social benefits in addition to environ-
mental advantages.

• Prioritizing sustainability, scalability, 
and replicability: Technology collabor-
ation must hold these three elements 
as the core objectives of co-innova-
tion. While sustainability benefits of 
technologies may be the primary con-
sideration, scalability to large-scale 
applications as well as replicability in 
other relevant sectors and regions also 
deserves equal attention. 

• Addressing disparities in the four As of 
clean technology: As climate concerns 
deserve greater policy attention, the 
global community needs to address 
the disparities in the availability, acces-
sibility, affordability, and adaptability 
of clean technology in the developing 
world. Greater collaboration through 
co-innovation needs to be built among 
developing and developed econo-
mies to help countries benefit from 
advanced technology.

• Improving enabling conditions: 
Among the key enablers, one of the 
most critical elements that shape 
technology collaboration is the legal 
framework that governs intellectual 
property rights. By jointly innovating, 
producing, and marketing machinery 
and equipment based on low-carbon 
technology, entities would share legal 
rights, which could potentially facili-
tate the technology’s reach to a wider 
set of users.
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