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A B S T R A C T

Technology transfer continues to play a significant role in fostering economic growth, enterprise and human
capability development in many emerging and developing economies. In this paper, we examine the appro-
priateness and mechanism of hard and soft technology transfer in the African cotton industry. Focusing on
Uganda, a land-locked African country, we comparatively examined the appropriateness and pro-poor nature of
Indian and US made hard and soft ginning technologies transferred into Uganda. Data for our inquiry come from
two cotton ginneries in the eastern region of Uganda. We found that a technology transferred into a developing
economy can only be appropriate if both the hard and soft component of the technology is transferred into the
economy. Our study also reveals that while ginning technologies from India appear to be much more appropriate
relative to those from USA, they are not environmentally friendly and affordable for those at the bottom of the
pyramid. In addition, the long staple cotton lint the Indian made technologies churn out tends to attract higher
prices on the international market. Nevertheless, ginning technologies from the United States tend to have very
high rates of production. Implication for theory and policy are presented.

1. Introduction

Innovation and technology researchers have begun to increasingly
develop comprehensive models of technology transfer to developing
countries (e.g. Archibugi and Pietrobelli, 2003; Bell and Pavitt, 1993;
Costantini and Liberati, 2014; Majidpour, 2016). While these studies
have extended our understanding on the wider social, historical, and
economic context within which technology transfer succeed or fails, the
transfer mechanism, and appropriateness of these technologies, which
can be decomposed into capital equipment, intermediate goods, and
consumer goods and services have not been fully explored (Botchie
et al., 2016; Kaplinsky, 2011a, 2011b).

While the concept of technology appropriateness for developing
countries has received scholarly attention, a bulk of the seminal works
was published before the 1980s. These studies were widely developed
in the context of not-for-profit indigenous technologies and their re-
levance towards poverty reduction (Kaplinsky, 2011a, 2011b). It was
only until the 1990s that technologies from foreign sources were re-
cognised to be more appropriate for northern economies and relatively
not exactly suitable for developing countries (Kaplinsky, 2011a,
2011b). In recent times, high demand for new technologies in low-in-
come markets as observed by Prahalad and Hammond (2002), presents

an extraordinary opportunity for multinational organisations in the
northern economies to seek their fortunes and bring prosperity to those
at the bottom of the pyramid (Dey et al., 2013) Nevertheless, empirical
evidence rather suggests that emerging economies, led by China and
India appear to be taking advantage of this opportunity than their
Northern counterparts (Kaplinsky, 2011a, 2011b; Lema and Lema,
2012). In making sense of this empirical puzzle, researchers have in-
voked the larger spread effects, leading to smaller gaps in technological
know-how between south-south, and the appropriateness of these
technologies by virtue of been induced in similar context as the fun-
damental factors driving the emerging south-south technology transfer
trends (Amanor and Chichava, 2016; da Nobrega Cesarino, 2013). By
appropriate technology, we refer to any form of hard and soft tech-
nology that is accessible, affordable and simple to use, with its embo-
died knowledge and skills easy to acquire and transferred to users of the
technology (Hazeltine and Bull, 2003; Los and Timmer, 2005). In this
regard, Kaplinsky (2011a, 2011b), pp.193), argues that “the very large
size of China and India, coupled with their growing technological
capabilities and the rapid growth of low-incomes, makes it likely that
they will become the dominant sources of technological innovations for
the poor”.

The focus of this paper is on a relatively under-researched
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dimension of the appropriateness' of technologies transferred into de-
veloping countries - a comparative study of the appropriateness and
mechanisms of hard and soft technologies transfer in a developing
economy. As part of a national foresight exercise aimed at improving
national competitiveness, we focus on the Ugandan cotton industry to
examine cotton ginning technologies transfer from the USA (re-
presenting northern economy) and India (representing emerging
economy), to ascertain their appropriateness and mechanism of transfer
into Uganda. We develop our contribution at a time when Indian made
ginning machines; by virtue of their cheap price have come to dominate
the market, even though most Ugandans tend to consider technologies
from the northern economies as the most reliable and efficient
(Kaplinsky, 2011a, 2011b). Data from the World Integrated Trade So-
lution (WITS) of the World Bank shows that import value of ginning
technologies from India1 to Uganda increase from US $9400.00 in 2000
to US $232,000 (see Fig. 1 below). Contrariwise, the value of cotton
ginning technologies imports from the USA into Uganda remains sig-
nificant but has underperformed when compared to India.

Such investigation is relevant and valuable as technologies trans-
ferred into African countries, in particular, are creating conditions for
emerging indigenous and local firms to flourish and thrive (Amankwah-
Amoah, 2015). Despite this noticeable trend in a shift towards the
adoption and utilisation of technologies in many developing countries,
recent STI reports have concluded that over reliance on inappropriate
technologies is one of the main causes of their under development and
high levels of poverty, particularly, in many African countries (World
Economic Forum, 2013). For example, some of these transferred tech-
nologies are not suitable for developing countries environment; hence
may lead to the creation of inequalities in job creation, incomes, and
consumption patterns (Chataway et al., 2014). Such problems, we
follow scholars such as Papaioannou (2014), Chataway et al. (2014)
and Kaplinsky (2011a, 2011b), to suggest, can be partly explained by
the mechanism of transfer and the inappropriateness of these technol-
ogies. Our premise is that the strategic importance of appropriateness
lies at the core of hard and soft technology transfer to developing
countries (Paunov, 2013), since consumers and firms without the re-
levant competence and abilities cannot effectively adopt and utilize a
given technology to enhance their capabilities and improve their wel-
fare.

The paper is structured as follows. The second section is a brief
review of the literature on technology appropriateness and transfer in
developing countries. Following this, we provide an overview of the
ginning technology in the cotton sub-sector in Uganda. Next is our re-
search methodology. The penultimate section is our research findings.
We conclude with a discussion of our findings, and its implications for
policy and economic development.

1.1. Technological appropriateness in developing countries

The concept of appropriate technology is frequently used to refer to
any small-scale technology that is simple enough that people could
adapt to meet their socio-economic needs. For Stewart and Ranis (1990;
p.4.), it is a “technology which best makes use of a country's resources
to achieve its development objectives”. In developing countries, ap-
propriate technologies make best use of available resources because
they are labour intensive, less skills intensive and less reliant on in-
frastructure, and operate on small scale basis. Thus, unskilled labour in
developing countries are able to use them because they are less skills
intensive—thereby leading to the creation of more jobs (Chataway
et al., 2014; Kaplinsky, 1990). Technologies that are appropriate for
developing countries are less reliant on infrastructure because they

often do not require electric infrastructure to operate (Kaplinsky,
1990). From this perspective, Schumacher (1973) advocated for the
development of $100 technologies that are simple, affordable and less
reliant on infrastructure. Schumacher‘s proposal gave rise to the pub-
lication of three major studies by the Organisation for Economic Co-
operation and Development (OECD, 1976), The World Bank (1976),
and the United States Agency for International Development (USAID,
1976). The three publications made a very strong argument against the
reliance on northern capital intensive technologies in developing
economies. They argued that developing countries do not have the
capacity to generate resources—financial, human and infra-
structural—that would mitigate the developmental challenges in key
sectors of their economies.

The three documents further argued that capital intensive technol-
ogies generally have socially disruptive repercussions and in many
cases were introduced in developing economies as a result of distorted
factor prices and protection. The technologies tended to produce for
either the high income group of the domestic economy and/or for ex-
port purposes. They argued further that capital intensive technologies
are usually not adapted for the supply of labour in developing coun-
tries. Hence, the industrial sector generally suffers from under-utilised
capacity and excess downtime. This stifles growth of technological ca-
pacity and innovation in developing countries. It also leads to very
adverse developmental outcomes. Thus, they argued that technology in
developing countries must be appropriate.

The traditional appropriate technology movement as espoused by
the international organisations in the 1970s and 1980s were over-
whelmingly driven by not-for-profit organisations. More recently
though, a new school of thought have postulated that the rise of
emerging economies such as China and India suggests that this domi-
nant trajectory may be subject to change and that―for-profit appro-
priate technology may become increasingly prevalent. This is driven
not just by the growth in capabilities in these economies but also be-
cause the rise of some Asian economies, like China and India, has co-
incided with a rapid growth in demand by poor consumers. These poor
consumers may aspire to branded positional goods, but because of their
low incomes will settle for simpler and lower quality products
(Kaplinsky, 2011a, 2011b). This form of demand from poor consumers
has reignited the appropriate technology concept with China and India
serving as the likely sources.

The re-emergence of the appropriate technology concept has come
in the wake of advocacy for profit oriented less skills intensive tech-
nology for the poor since there is more unskilled labour than skilled
labour in developing countries (Chataway et al., 2014; Fu et al., 2011;
Kaplinsky, 2011a, 2011b; Papaioannou, 2014). This is one of the main
reasons why Fu and Gong (2011, pp. 1214) argue that firms using
“unskilled labour augmenting technology will be more efficient than
firms using skilled-labour augmenting technology in low-technology
industries” in developing countries. However, Fu et al. (2011) makes an
important point that the fact that a technology is labour intensive does
not always mean that the technology is efficient and appropriate. This is

Fig. 1. Comparing cotton ginning imports from USA and India into Uganda ($ 000).
Source: WITS Database, World Bank.

1 Uganda has for many years had a human capital skills set that is of Asian (pre-
dominately South Asian/Indian) origin, hence the presence of ginning technologies from
India in Uganda, we concede also has deep historical roots (Baffes, 2009).
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because there are differences in endowments between countries in de-
veloping economies, and demand for skilled labour varies across in-
dustries. This makes appropriateness subjective since foreign tech-
nology in a developing country hinges on the characteristics of the
factor endowments of the country.

An earlier study by Willoughby (1990) explained further that ap-
propriate technologies can only meet the economic, social, and en-
vironmental objectives of a country if the country's factor endowments
are suitable for the technology. Therefore, a developing country with
highly trained human resource will classify some skills intensive tech-
nologies appropriate. Those with less highly trained human resource
will consider the same technology inappropriate. He further argues that
lack of human capital and the subjective nature of the appropriate
technology concept make it difficult for proponents of the appropriate
technology concept to consider environmental issues. As a result, most
developing countries are unable to collect data on environmental ap-
propriateness of a technology (Willoughby, 1990). Studies such as
Kaplinsky (2011a, 2011b) argued that the reason why proponents of
appropriate technology do not emphasis on environmental appro-
priateness of a technology is because developing countries are not
fussed about the consequences of environmental issues. This may not be
entirely accurate since there are growing concerns about the con-
sequences of greenhouse gases in developing world. We will discuss the
environmental appropriateness of two alternative technologies in a
later section of this study.

1.2. The concept of ‘hard’ and ‘soft’ technologies

Two components of technology emerges from the appropriate
technology literature—the hard and soft technology. However for many
years, hard technology has dominated the description of technology
(Shoffner et al., 2000); and this has resonated across proponents of the
appropriate technology concept. Most empirical studies that were
conducted to support appropriate technology in developing countries
focused on the physical component of the technology (see Bhalla, 1985;
Kaplinsky, 1990 and Stewart, 1982). This is largely because of how the
concept of technology has been defined over the years. For instance,
Clark and Staunton (1989) define technology as machines and equip-
ment that are employed in a production process. Jin (2005) indicates
that hard technology exists because of invention which in turn is the
result, according to Shoffner et al. (2000), of its physical usefulness to
society. These tangible physical technologies can be termed “hard
technology” (Mokyr, 2003). They are also commonly referred to as
artefacts (Mokyr, 2003).

However, Burgess and Gules (1998) argue that the experience,
knowledge, and skills associated with a technology are very important
for efficient operation of a technology. Thus a technology cannot be
useful if it is not accompanied by the requisite knowledge it requires for
its operation. For instance, what is done with a ginning machine as a
technology depends on the way it is used by the ginning machine op-
erator, how it is incorporated in a wider production process and even
the machine repairer in the case of machine breakdown (Mokyr, 2003).
These disembodied skills and procedures are termed “soft” technology.
Soft technology depends on a combination of experience, skills,
knowledge and organisation. In order to ensure efficiency, there is the
need for effective coordination between hard and soft technology.

The development of soft technology is a result of the gradual and
deliberate approach of acquiring the knowledge embodied with the
technology (Dobler et al., 1990; Lamming, 1993). The acquisition of
knowledge, how it is used and passed on in an economy is key to
economic growth (Jensen et al., 2007). Specifically, two forms of
knowledge have been recognised as important for ensuring economic
growth: codified knowledge and tacit knowledge (David and Foray,
2001; Nelson and Winter, 1982 and Polanyi, 1966).

Jin (2005) explains that tacit knowledge requires ‘thinking tech-
nology’ and cannot be properly presented easily in a written form, often

being embodied in a technology. It is difficult to communicate tacit
knowledge in a formal manner or standardised manner (Bascavusoglu,
2005; Jin, 2005). Experience is important in mastering tacit knowledge
and the transmission of tacit knowledge almost always requires face-to-
face interaction. David and Foray (2001) on the other hand argue that
writing knowledge down is one way of codifying tacit knowledge. This
is one of the surest ways in which knowledge can be passed on to others
and be understood by those who can read and understand the language.
However, Johnson and Lundvall (2001) argue that in reality codified
and tacit knowledge goes ‘hand in hand’. This study considers tech-
nology from a hard and soft perspective. Though we recognise the
importance of tacit and codified knowledge in the soft technology lit-
erature, our focus is not specific to these aspects of the soft technology
literature. Generally, we limit our discussion on soft technology to ex-
perience and skills transfer in cotton ginning, specifically, by analysing
the appropriateness of these soft technologies in the context of how it is
transferred into the country.

1.3. Technology transfer

Transfer of technology to developing countries has been a widely
discussed area in international business and development over the past
three decades. In particular, the role of multi-national corporations in
the process of developing and transferring technology across national
borders has generated special interest. Some academic studies define
technology transfer in the context of either movement of soft (see Bi
et al., 2017; Chun, 2006 and Wahab et al., 2012) or hard technologies
(Botchie et al., 2016) from their country of manufacture to the final
user. Other studies also define technology transfer as the transfer of
hard technology—physical artefact—and soft technology—experience,
know-how, and knowledge from one entity to another (Bozeman, 2000;
Ramanathan, 1994 and Souder et al., 1990).

Studies that define technology transfer in the context of soft tech-
nologies argue that the cornerstone of technology transfer is the
transmission or movement of knowledge from a technology developer
to a final user (Wahab et al., 2012). Chun (2006) added that it relates to
the processes through which an organisation or a country transfers
scientific or technological achievements to new users. Chun further
explained that the design and technical knowledge that accompanies
new scientific and technological achievement must demonstrate effi-
ciency in production. Maskus (2004) further indicated that technology
transfer does not only focus on the transfer of technological knowledge
or information but also the ability for the technology recipient to learn
and absorb the technology.

One of the main ways in which a technology can be absorbed is
when the final product of the technology is used (Sahal, 1981). Some
studies argue that the technologies that are already embodied in hard
technologies are the soft technologies. Therefore, technology transfer
must involve the transfer of both the hardware and soft knowledge
associated with it (see Botchie, 2015; Kaplinsky, 1990 and Sahal, 1981).
Transferring only the hardware (i.e. machine) without the soft tech-
nology will make the transfer process ineffective (Sahal, 1981; Sahal,
1982). This explanation has been validated by a recent structured
survey of the effectiveness of technology transfer in China conducted by
Li-Hua (2006), which found that technology transfer in China has be-
come efficient because the transfer process combines both hard and soft
technologies. This study follows the school that argues that both hard
and soft technologies must be transferred in order to make the transfer
process effective. In the next section, we examine the three dominant
modes of technology transfer—international trade, foreign direct in-
vestment (FDI), technology licensing and cross border movement of
personnel (Coe et al., 1997; Maskus, 2004; Milner et al., 2013;
Morrissey and Rudaheranwa, 2012; Nicholson, 2002; Rudaheranwa,
2009; Smith, 2001), from one country to another.
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1.3.1. International trade as a mode of technology transfer and
appropriateness

International trade is central to technological change and forms the
main vector of technology transfer to developing countries (Coe et al.,
1997Maskus, 2004). This involves the movement of machinery from its
country of origin to the recipient country (Hassan et al., 2015). Inter-
national trade is one of the fastest means of transferring a technology
from its origin to the recipient country. However, the cost of transfer
through trade varies according to the location of the recipient country
(Faye et al., 2004; Milner et al., 2013; Morrissey and Rudaheranwa,
2012). From this perspective, a landlocked country will incur higher
costs in transporting a technology than its maritime neighbour. For
example, the cost of transporting a technology to Uganda is higher than
that of its neighbours—Kenya and Tanzania (Rudaheranwa, 2009). This
means that the build-up cost involved in importing a technology into
Uganda—a landlocked country—may be more expensive than that of its
maritime neighbours—Kenya and Tanzania. By extension, a given
technology is more likely to be less appropriate in a landlocked country
compared to a country with maritime borders.

Milner et al. (2013) use data from a range of sources to estimate
transport costs for imports to, and exports from, Uganda. They calcu-
lated the effective protection of imports and implicit tax on exports due
to transport costs and compared it to the effective protection due to
trade policy barriers. Their results show that high transport costs—as a
result of the country's landlocked nature—are more harmful to Uganda
than bad trade policy. They also observe that the landlocked nature of
Uganda will make access to goods and services very difficult. Milner
et al. (2013) recommend improved infrastructure and institutional
support to facilitate trade and reduce the adverse effects of natural
barriers. They further indicate that international trade is the most
common and easiest approach to technology transfer, but for invest-
ment in technologies can help in efficient absorption and utilisation of
the technology. Prahalad and Hammond (2002) also buttresses on the
importance combining trade and investment to promote technology
transfer to the bottom of the pyramid.

1.3.2. Technology transfer through foreign direct investment (FDI)
FDI is a cross-border investment by a resident entity in one economy

with the objective of obtaining a lasting interest in an enterprise re-
sident in another economy (UNCTAD, 1999; Vu et al., 2008). In Uganda
for instance, FDI from the China and India, and Europe is among the
important conduits for technology transfer for local cotton ginners in
Uganda (GoU, 2009). Borensztein et al. (1998) explain that to be suc-
cessful, FDI as a means of technology transfer generally requires im-
ports of products, adoption of foreign hard technology and acquisition
of soft human capital—soft technology. However, Borensztein et al.
(1998) identifies acquisition of soft technology in a host economy as the
key challenge for successful technology transfer. That is why Mansfield
and Romeo (1980) stated that FDI as a means of technology transfer can
generally only be successful if there is available capacity such as skilled
labour to absorb the transferred technology. This also means that FDI
can be a very good conduit for both soft and hard technology transfer in
one developing country but may fail in another if there is not adequate
capacity to absorb the technology (UNCTAD, 2010). For instance,
Collier (1999) explained that the Indians were in control of Uganda's
super performing cotton ginning industry in the 1960s and early 1970s,
but their expulsion led to skills deficit in the ginning sector. Though the
Idi Amin government made efforts to invest in ginning technologies,
cotton lint production significantly dwindled. This was attributed to the
fact that there was no FDI in the sector (Collier, 1999). He argues
Uganda should have formulated policies that will attract investor who
have expertise to operate the sophisticated cotton ginneries that the
Indians left behind.

Aitken and Harrison (1999) also argued in favour of Collier by in-
dicating that the net effect of FDI on domestic plants productivity is
very small. They used more than 4000 Venezuelan plants between 1976

and 1989 to show that there is a robust positive relationship between an
increased foreign equity participation and performance of small plants.
They also observed a robust positive relationship between FDI and large
scale enterprises but this relationship disappears when they take into
account plant differences. They also strongly argue that FDI does not
led to technological spillover like skills and knowledge transfer to do-
mestic firms. This conclusion by Aitken and Harrison may be specific to
Venezuela and perhaps other few economies. Studies like Iamsiraroj
and Ulubaşoğlu (2015) used FDI data across 140 countries (from 1970
to 2009) to show that FDI has a global positive effect on technology
transfer and general economic growth, but the extent of growth will
vary from one country to another. They however, indicated that
countries that are opened to trade and financial development stands in
a better position to benefit from FDI. Other studies such as Mansfield
and Romeo (1980) and Botchie et al., 2016 have argued that FDI is the
cheapest means of technology transfer as the recipient country nor-
mally incurs no cost in the acquisition of new technologies.

Studies have shown that FDI as a means of technology transfer is
often a sufficient condition for increased productivity and economic
growth in a recipient‘s country (Vu et al., 2008). Zhang (2001) uses
data from 11 economies in East Asia and Latin America to show that
FDI influences economic growth. Vu et al. later on confirmed Zhang's
study by using sectoral FDI inflow data on China and Vietnam to ana-
lyse sector- specific impact of FDI on growth. Their results show that
FDI has a positive effect on economic growth and this is achieved
through a direct interaction with labour (Vu et al., 2008). They further
demonstrate that the positive relationship between FDI and economic
growth vary across economic sectors, with the industrial sector at-
taining the highest growth through FDI compared to agriculture and
services sectors. Amin Almfrajia and Almsafirc (2014), goes further to
argue that FDI can positively improve economic growth in a country/or
a sector within an economy if it there are appropriate human capital
conditions and a stable macro-economy (Table 1).

1.3.3. Cross border movement of people
The transfer of soft technology is an important part of technology

transfer. Cross border movement of technical and managerial personnel
is one of the most important channels for the transfer of soft technology.
This happens when the technology requires the complementary services
of engineers and technicians who must be on-site for some period of
time to ensure proper installation and efficient operation of the ma-
chines. This may lead to the transfer of skills from expatriate workers to

Table 1
Background characteristics of research participants.

Double roller
gin

% Saw gin % Total

Age
15–24 3 4 5 12.5 8
25–34 42 53 22 55 64
35–44 25 31 9 22.5 34
45 above 10 13 4 10 14
Total 80 100 40 100 120

Residence
Urban 8 10 3 7.5 11
Rural 72 90 37 92.5 109
Total 80 100 40 100 120

Education
No education 4 5 7 17.5 11
Basic education 46 58 15 37.5 61
Secondary education 15 19 11 27.5 26
Vocational/technical 10 13 2 5 12
Tertiary 5 94 5 12.5 10
Total 80 100 40 100 120

Casual staff (average number per
shift)

76 95 35 87.5 111

Permanent staff 5 5 5 12.5 9
Total 80 100 40 100 120
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local workers in recipient countries. This will also enhance the appro-
priateness of technologies for indigenous Ugandan employees, since
they may be able to uptake technological skills from the expatriate
workers (Table 2). However, this may be more restrictive and less
flexible, raising the costs of such transfer and absorption (Maskus,
2004). The immediate recipients of new technologies can gain higher
productivity with a lower the cost of production. This is because the
firm may be able to host and employ the expert who has crossed borders
for their production activities (Maskus, 2004). (See Table 3.)

Though important for a landlocked country like Uganda, little re-
search has been conducted to investigate the relevance of these modes
of technology transfer for the growth of its manufacturing sector.
Mutambi et al. (2013) stresses the need for small and medium scale
enterprises to develop their internal capacity through efficient adaption
and use of products and process technologies imported into the country.
Moreover, the technology transfer literature has not sufficiently ad-
dressed the issues confronting Uganda as a landlocked country. Only
Milner et al. (2013), Morrissey and Rudaheranwa (2012), and
Rudaheranwa (2009) capture this as an issue. Even these focus mainly
on trade policy and the hard technology and less on appropriateness.
Furthermore, there are limited empirical studies to show the role of the
AD economies in the transfer of technology to developing countries,
and specifically not to Uganda. Available studies mainly consider the
transfer of technology from northern economies (see Bozeman, 2000;
Maskus, 2004 and Stewart, 1982). Technology transfer has invariably
been looked at from the perspective of technologies moving from a

developed economy to a developing economy.
Considering the existing scholarly gaps, our study seek to examine

the appropriateness of hard and soft technology transferred from the
northern (USA) and emerging economies (India) into Uganda, focussing
on the accessibility and affordability of these soft technologies to the
user.

1.4. Research context: ginning technology in the Ugandan cotton sub-sector

We develop our contribution in the context of the global cotton
industry where the linkages between the industry's structure and the
employed ginning technology in a given country impact the overall
cummulative output and profitability (Baffes, 2009; Estur and Gergely,
2010). Cotton ginning in its strictest sense is the process of separating
cotton lint from the seed so as to place the fibers in an acceptable
package for commerce (Baffes, 2009). Thus, a seed cotton produces two
main products—the cotton lint and seed. The cotton seed usually serves
as raw material for cotton oil mills for conversion into a number of
valuable products. However, the cotton lint remains the most vital raw
material on the international market; hence the design and operation of
a cotton gin is usually towards the production of desired staple cotton
lint (Anthony and Mayfield, 1994; Gordon and Hsieh, 2006).

Uganda, our empirical research focus has 43 ginneries and these
ginneries have a combined installed average annual seasonal ginning
capacity of one million bales of lint (CDO, 2009). However, only 5% of
the total cotton produced is processed by the two existing local textile
factories in Uganda. The remaining 95% of the cotton lint is exported.
Export figures as at 2011 shows that the major importing countries are
Singapore (55%), Switzerland (23%) and United Kingdom (17%)
(Ahmed and Ojangole, 2012). China, Kenya and Tanzania are minor
importers of Ugandan cotton (Ahmed and Ojangole, 2012). According
to CDO (2009) almost all the ginning technologies operate at only a
third of their capacity. This has partly been attributed to lack of ap-
propriate technology to increase production (CDO, 2009). Again, be-
tween 2001 and 2010 average ginning outturn (GOT) was 0.35%2

(CDO, 2009). There are two main types of cotton gins—the roller and
saw gins.

1.5. Roller ginning technology

Roller gins are the commonest type of gin in Uganda. There have
been many variations and refinements in how the technology work in
many countries around the world but its fundamental principle of a
harsh pulling of fibers from the seed coat has not changed. There are
two main types of roller gins currently used in Uganda. The first type is
the double roller gins (DR) which has two leather rollers passing
through a stationary knife and rotated in opposite directions.

There are two main types of roller gins currently used in Uganda.
The first type is the double roller gins (DR) which is produced in India
and has two spirally grooved leather rollers which are pressed against a
fixed knife for rotation at about 90–120 rpm (Patil and Padole, 2003).
The double roller gin is powered by a 2 horse power electric motor with
a diameter of 25 mm and revolves with a speed of 1440 rpm (Patil and
Padole, 2003). It also has a crank shaft pulley of 125 mm with a speed
of 288 rpm (Patil and Padole, 2003). In addition, it has a central as-
sembly known as the beater—which oscillates by means of a crank or
eccentric shaft close to a fixed knife. During operation, fibers are
gripped between a roller and the knife, and stretched to be separated
from seeds (Patil and Padole, 2003). The space through which fibers are
stretched is so narrow that it does not permit seeds passing through
with lint. The separated seed drops down through the grid which is

Table 2
Time involved in the transfer of ginning technologies to Uganda.
Source: World Bank-Doing Business Report-2017.

Uganda Africa

Border Malaba border
crossing

–

No. of documents required for import 13 –
Time to import: Border compliance (hours) 154 144
Time to import: Documentary compliance

(hours)
138 107.4

Table 3
Results on the properties of the alternative technologies.

Indicators Unit Double roller
gin

Saw gin

India USA

State of equip at the time of
purchase

Brand new Brand new

Cost of equipment US$/gin 3000 300,000
Annual cost charge for ginning

machine
US$ 504,008 5040

Average ginning variable cost
Cost of labour $/year/gin stand 5040 1936
Energy $/litre of diesel/

gin stand
5568.00a 27,840.00

Maintenance of gins $/year 9.00b 8540
Repair cost $/year/gin stand 310 3000
Ginning GHG emissions CO2eq/kg cotton

yarn
0.161025 0.093651

Output/gin stand
No of bales Bale/h 0.1 6.83
Capacity Tonnes lint/h 0.055c 3.40d

Ginning outturn test % 34 31
Staple length Inches 1/8 1/16

Computation base on field data.
a Monthly income paid to installers for only 3 month.
b Monthly income for experts who are paid as regularly employees.
c This is capacity per gin stand.
d This is the capacity for a 170 saw gin.

2 Though, current GOT figures are not readily available, it is expected that the trend
will remain the same considering the fact that not much has changed in terms of infra-
structure and the variety of cotton used.
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oscillating along with beater. The second type is the rotary knife roller
gin. The rotary knife roller gins (or rotobar) on the other hand combine
a stationary knife with a rotary knife to allow high speed. Turkey,
United Kingdom and USA manufacture the rotobar gins but USA has
since the year 2000 switched to the production of saw gins.

1.6. Saw ginning technology

Saw gins are mainly produced in the United States of America. They
operate by pulling cotton lint from the seed with saw teeth through
metallic ribs. Each saw passes between two stationary steel ribs spaced
in order to allow the lint to pass through while preventing the cotton-
seed from doing so. The main parts of a saw gin are saws, ribs and a
blast of air for cleaning the lint from the saws. Just as the proponents
appropriate technology indicated, the saw gin (which is from the USA)
operates on a very large scale and they are faster than roller ginning.
However, they produce a relatively shorter staple length. The number
of saws per gin ranges from 90 to 200 and this determines the size and
the capacity of a single gin stand. The number of installed gin stands
and their associated saws determine the capacity of a ginnery (Lumus,
2013). The saw ginnery in Uganda uses an American made 170 saw gin
with 150 hp. and a 305 mm diameter saw gins (Lumus, 2013). His-
torically, it is known to produce clean and good cotton lint. However,
this will depend on the operator's skills and experience (Lumus, 2013).

2. Methodology

We conducted our study in the Eastern region of Uganda where
cotton ginning firms account for more than half of the local economy.
Data collection comprised two phases. The first stage started with ar-
chival research to unearth the trends in ginning technologies trade
between Uganda and its main partners—India and the USA. The ar-
chival research came from international databases such as World
Development Indicators, World Integrated Trade Solutions of the World
Bank, official government document reports and other academic pub-
lications. We complemented this with Ugandan government reports
such as the Uganda 2012 Statistical Abstract (GoU, 2013), projections
of demographic trends in Uganda 2007–2017 (GoU, 2010), Uganda
National Textiles Policy (GoU, 2009) and the Uganda Industrial Policy
(GoU, 2008).

The second phase involved the selection of two ginning firms lo-
cated in the Gulu and Bulangira districts which served as our empirical
research context. We purposively selected these two firms because of
their managements' readiness to grant us access and permission to
conduct the research in their organisations. There are only two saw
ginneries of which both originate from the Northern economies. One is
an obsolete British made ginnery located in Kasese-Uganda which is not
operated regularly. Hence, we decided not to consider that ginnery. The
second saw ginnery is located at Bulangira. All the cotton gins at the
Bulangira Ginnery were manufactured in 2009 in the United States of
America (USA), and were first operated in 2010 in Uganda, which co-
incides with the year the Gulu cotton gins started operating. The two
ginneries are among the largest in the country. The Bulangira Ginnery
employs 121 ginning machine operators (i.e. 80% of the total em-
ployees of the firm). These are junior ranked employees directly in-
volved in the operation of the ginning machines. Senior staff members
are 30 in total (i.e. 20% of the total number of employees)—mainly
engineers, managers and firm owners. This firm purchases cotton from
45,000 cotton farmers in Uganda. The Gulu ginnery on average em-
ploys 240 workers for cotton ginning and buys cotton from almost
30,000 cotton farmers in the country. We started the sampling process
by first obtaining the total list of ginning machine operators from the
management in each firm. We then obtained the list of registered em-
ployees from management of both organisations and then randomly
picked a first respondent on the list from each organisation. We then
randomly selected the 3rd registered employee in each firm. In total, we

sampled 40 ginning machine operators in the firm that uses the
American saw gin. We also sampled 80 ginning machine operators from
the firm that use double roller gin. The rational for sampling the cotton
ginners is mainly because they have a full knowledge of the char-
acteristics of the ginning machines. They also understand the functions
and operations of the ginning machine since they are responsible for the
day-to-day operations of the ginning machine. Furthermore, we pur-
posively sampled 5 senior staff in each firm. We sample these re-
spondents mainly because we are also interested in eliciting how the
ginnery firms are able to secure a transfer of ginning technologies from
their respective country of origin to their final destination in Uganda.
Table 2 is a summary of the background characteristics of the research
participants.

Beyond the respondents within the company, we also purposively
sampled 2 key informants in the Ministries of Trade, Industry and
Cooperatives in Uganda; and 1 key informant from Uganda Revenue
Authority. These are experts in the cotton sector who were willing to
assist us to understand the relevance of the cotton sector to the
Ugandan economy. We also purposively sampled 2 respondents from
the Uganda National Bureau of Standards. We sampled these re-
spondents because we are interested in unpacking the role of standards
in technology appropriateness and transfer of technology in Uganda.

The main data for our empirical inquiry were collected through
semi-structured interviews with each lasting an hour. The full data
analysis followed three steps after all the interviews were audio taped
and transcribed. First, we employed the constant comparative approach
(CCA) (Glaser and Strauss, 2012), to compare our new collected data
with previous data that was collected for earlier studies on a closely
related subject (Hewitt-Taylor, 2001; Ragin, 2014). Second, we used an
open coding approach to identify common themes related to techno-
logical appropriateness (cost, capital intensity, skills and infrastructure
requirement, and the accessibility of the ginning technologies), which
also served as our basic social processes (BSP). Ginning technology
development has always focused on obtaining optimum fiber para-
meters at the lowest cost (Estur and Gergely, 2010). Hence, we followed
Estur and Gergely (2010) to focus on investment costs for a given
ginning capacity, ginning outturn ratio, labour, energy, maintenance
requirements and quality premiums to analyse appropriateness' of the
ginning technologies we studies. In our effort to ensure the relevance of
our BSP, we probed the data to identify recurrent phrases which were
also ‘analytically converted’ (Strauss, 1978, p. 30) to fit into these ca-
tegories.

Third, drawing on theoretical insights from the extant literature on
technology transfer and appropriateness, and relevant key indicators
including; easiness to transfer the technology to Uganda, the identified
segments were then analysed and interpreted iteratively until common
themes emerged and became saturated (Suddaby, 2006). These themes
were then sorted, reconstituted (Strauss and Corbin, 2008), and indexed
to generate the analytical categories of capacity of the ginning tech-
nology, gin acquisition cost, maintenance cost, repair cost, energy cost,
labour cost, and ginning out-turn which we used to explore viable ex-
planations of the appropriateness of ginning technologies from emer-
ging economies relative to those from advanced countries two ginning
technologies.

In the following section, we present our comparative findings of the
appropriateness of the two competing technologies.

3. Research findings

3.1. Technology transfer through trade

The American and Indian ginning technologies are both manu-
factured by the transnational corporations (TNCs) in their respective
countries. The Lumus Corporation in USA and the Indian Bajaj Steel
industries in India are respectively responsible for the manufacture of
saw and the double roller ginning machines. Just as indicated above,
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import of both technologies from their country of origin to their final
destination in Uganda, is usually through the Mombasa seaport in
Kenya and it is done by the cotton ginning firms. This is then subjected
to a series of documentation processes at the Mombasa port. After
successfully completing all the bureaucratic processes, the goods are
then transported by road from the Mombasa port through the Malaba
border crossing to Uganda. We observe that these processes are very
laborious and time consuming for importers. This is largely due to the
fact that Uganda is a landlocked country and so will have to import the
technology through the Mombasa port in Kenya. For instance, an im-
porter will have to spend an average of 154 h at the port to get a border
compliance approval—10 h more than the average in sub-Saharan
Africa. Similarly, technology importers will spend an average of 138 h
to complete a documentary compliance process relative to an average
107.4 h for sub-Saharan Africa.

According to an official at the Ugandan Revenue Authority, the cost
of transporting the ginning technology into Uganda is 100% more ex-
pensive than those that are imported into Kenya and 153% more ex-
pensive compared to those of Tanzania. This was confirmed by one of
the managers of the double roller ginnery who is responsible for im-
porting ginning machines—she explained:

I spend US$ 1500 to import ginning machines to the Mombasa
port…though there are several regional treaties; I always pay ad-
ditional $1500 at the Mombasa port as port charges. If it comes
through the Dares Salaam port, I need about US$ 2300 to import the
machines [ginning machine]. Can you believe I pay an extra US$
3800 for port charges and warehousing? Transport cost from the
port to Kampala can also cost more than US$3000.00.

However, because of the bulky nature of the Lumus ginning ma-
chine, its cost of transportation is almost 75% as high as that of the
Indian Bajaj ginning machine. The owner of the Lumus saw ginnery
provided insight into the cost involved in the importation of a Lumus
saw gin:

Importing this machine [Lumus saw gin] was very simple for me but
it was very expensive. The manufacturers were responsible for the
transport of the machine to Uganda but I am the one who incurred
all the cost. I paid $US 2500 for the importation. They charge a
higher rate because it occupies a lot of space on the ship but that is
not the issue, the issue is how to transport it by road from Mombasa
to Uganda. That alone cost me US$ 3000.

Clearly, the fact that a technology is appropriate does not mean it
can always be affordable, transferred and accessed in the recipient
country. The location of the country and ability to easily import the
technology can also determine the cost of the technology. This implies
that the “land-lockedness” can limit the extent to which appropriate
technology is transferred into the country.

3.2. Financing of technology transfer

Though importers of the two alternative technologies face chal-
lenges in the importation of the technologies, the appropriateness of the
technology is a major impetus for financing the technology transfer into
Uganda. For instance, the perceived appropriate nature of the double
roller ginning technology is serving as an incentive for authorities in
Uganda to financially support their transfer into Uganda. Specifically,
the Uganda Ginners and Cotton Exporters Association Limited (UGCEA)
and the Cotton Development Organisation (CDO) often facilitate the
processes of securing loans and some financial support from the gov-
ernment to support the importation of the Indian double roller gins.
This is because compared to those from the saw gins, the double roller
gins is cheaper to maintain, and produce high quality cotton lint, which
attract high premium price on the international market. We will discuss
the appropriateness of these alternative technologies in more details in
a later section of this paper.

Officials of the double roller ginnery firm confirmed that they have
successfully secured loans from financial institutions with CDO and
UGCEA serving as guarantors. They also get reference letters from these
two organisations to their suppliers, often the Bajaj Company in India,
for a 3 months trade credit. The production manager of CDO lamented:

It is very difficult to get apply for loans as a ginnery and get it from
these people [financial institutions], so we go through either CDO or
UGCEA to secure some funding [Loans] from the Banks. UGCEA
guaranteed our loan application for us in 2006 and 2009 but last
year [2011], we were able to get CDO to guarantee it for us.
Sometimes we take reference letters from our CDO and UGCEA to
our suppliers for a 3 month trade credit.

Those who import from the USA face are often not able to get
support from the CDOs and UGCEA. This is because the CDO and
UGCEA continue to discourage the importation of cotton saw gins, with
the view that the quality of cotton produced by the saw gins does not
attract premium prices, despite the fact that the saw gins are often
known to produce clean quality cotton lint. Interviews with the pro-
duction manager at the saw ginnery show that they don't rely on sup-
port from the CDO and UGCEA mainly because as investors, they have
the capital to invest. The production manager further added that their
preference for the saw gins is largely because they have ready market
for their cotton, irrespective of the fact that they do not attract premium
price for their product.

3.3. Cross border movement of personnel

Cross border movement of personnel is very crucial in the transfer of
ginning technologies into Uganda (see Bozeman, 2000Maskus, 2004).
Our field observation shows that ginning technology imports from the
emerging economies into Uganda are often accompanied by experts
who undertake installation works at the final destination of the tech-
nology. On the average the double roller ginnery spends $3000 for the
upkeep of these expatriate workers in Uganda. These experts facilitate
the transfer of soft technology, in the form of knowledge and skills
transfer, to the society. They train machine operators of the double
roller gins on how to use the technology. At the end of the training
programme, the Indian expatriates go back to their mother company in
India.

After acquiring training from the Indian experts, the cotton ginners
are able to host ginning technology students from Busitema University
for internship programmes as well as train local employees on how to
use the technology. In addition to the knowledge acquired in the
classroom, such internships ends up equipping students with the prac-
tical aspect of cotton ginning in Uganda and also develop their em-
ployable skills in cotton ginning. According to the lecturers at the
ginning training school at Busitema University, the University is the
only type in Eastern and Central Africa. In addition, the Indian gov-
ernment occasionally facilitates some refresher courses for the lecturers
in the University so as to be informed about new ginning technological
innovations in India. Thus though the cost of importing a ginning
technology may be high, there is an efficient transfer of technological
know-how from the Indians to the cotton ginners and ginning tech-
nology students and Lecturers at Busitema University. One Busitema
student observed that:

This form of training is very good for me because it has helped me
acquire knowledge which could have cost me thousands of dollars to
acquire.

This makes access to ginning technology information and knowl-
edge cheaper and easier for local Ugandans—an important indicator for
appropriateness of technology (Kaplinsky, 1990Stewart, 1982).

Our field observations further show that working conditions in the
Lumus ginnery—as a result of the nature of the technologies in the
ginnery—makes it less appropriate of the poor compared to those from
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the emerging economies. Expatriate workers in the Lumus ginnery are
all from USA, and the cost of their upkeep is three times (US$9000)
more than that of Indian experts. We further observed that engineers
from the USA prefer to maintain the standard of living they are used to
in the USA in Uganda and this makes it more expensive for the man-
agement at the Lumus ginnery compared to those in the double roller
ginnery. The challenge is compounded by the fact that the Lumus gins
are bulky, sophisticated and require highly skilled engineers who are
original manufacturers of the technology to install them. As such,
management of the Lumus ginnery has no option than to opt for these
skilled engineers from USA anytime the technology breaks down.
Unfortunately, these expatriates often do not train local Ugandans.
Interviews with some senior staff at the ginnery shows that the
American expatriates will demand higher rates if they are made to train
local Ugandans on how to operate, maintain and repair the Lumus
ginning machine. Local Ugandans who work at the ginnery are only
given the opportunity to feed the ginneries with cotton as well as
cleaning of the ginneries. They also undertake various packaging and
processing activities including taking data on the quantity of cotton lint
produced per given period of time.

3.4. Capacity of the ginning technology

As indicated above, the processing capacity of the saw gin stands is
bigger than roller gins. The number of saws, their speed and diameter
are the key capacity determinants for the saw ginning technology. As
shown in Table 4, the saw gin in Uganda has 170 saws with a speed of
3.4 tonnes lint/h. This figure was arrived at by practically measuring
the rate at which each saw in the ginnery gins cotton lint. This mea-
surement was undertaken by the local Ugandans with assistance from
the ginnery engineers.

Interviews with the ginning engineers show that the capacity of the
roller gin is determined by the number of rollers—whether it is a double
roller gin. With assistance from the ginnery engineers, we measured the
quantity of cotton lint (in tonnes per hour) that is produced per a gin
stand. In total, a double roller gin produces 0.055 tonnes of lint/h
(Table 4). This means that cotton ginners who use the double roller gins
will require a total of 62 roller gin stands to be able to produce the
quantity of cotton lint that can be ginned by a 170 saw gin per given
period of time. A confirmation of the fact that technologies from the
northern economies including those from the north operate on large
scale and so may not be appropriate for developing countries like
Uganda.

3.5. Gin acquisition cost

The cost of a ginnery varies according to the capacity of the
equipment and the country of origin. The lower the capacity of the gin,
the cheaper it becomes (Lumus, 2013). Generally, the double roller
ginning technologies from the emerging economies are less expensive
compared to those from the USA. The acquisition cost of a US 170 saw
gin is US$ 300,000 and that of the double roller gin from USA is US$
3000 (Table 4). As explained above, one will require a total of 62 roller
gins to be able to gin the quantity of cotton lint that a 170 saw gin will
be able to gin per given period of time. This implies that the total ac-
quisition cost of 62 double roller ginning technologies is US$ 186,000,
38% less than that of the investment cost of the 170 saw gin.

Following Kaplinsky (1990) this paper computes the annual capital
cost of the ginning technology charged by taking a ratio between dis-
counted acquisition cost and the average discount rate within the as-
sumed life span of the ginning machine. Based on the prevailing real
market rates at the time of the data collection, the study employs a
discount rate of 9.8%. The study assumes a 10 year life span and each of
the technologies were acquired brand new. The annual capital cost
charged for the double roller ginning machine from the emerging
economies is US$ 504. Thus, the total cost of the 62 double roller

ginning technologies is US$ 31,248 and that of the 170 saw gin is US$
50,400 (see Table 2 below).

Similar to our observation above, the double roller ginning tech-
nologies appear to be more appropriate for Uganda when compared to
the 170 saw gin. But this may not be a sufficient condition, considering
that not many people may be able to acquire the technology in Uganda.
Income earnings for more than 70% of households in Uganda fall within
the 5th quintile. In addition, only 16.9% and 5.3% of households in
urban and rural communities respectively earn more than a million
Ugandan Shillings per year. This means that more than 80% of
Ugandans may not be able to acquire the double roller gins even if we
consider Schumacher's proposal of the production of $100 intermediate
technology. Thus, acquisition costs of both technologies are not ap-
propriate for developing countries. This violates the appropriate tech-
nology concept which stipulates that technology must be affordable.

3.6. Skills required for the operation of the machine

3.6.1. Saw ginnery
The saw gin is highly automated and skills intensive and it is the

casual workers in the firm who are directly responsible for operating
the machine. All the casual workers in the saw ginnery often undergo
training on how to operate the Lumus saw gin and its auxiliary parts
before given the opportunity to operate the machine. One of the ma-
chine operators explained that:

This machine is big and very complicated…you cannot operate it
without any training. I had my training on how to use this machine
10 years ago.

An experienced casual worker, pointing to the machine observes
that:

This machine is very strong and good but very difficult to operate. It
is highly computerized. You need a lot of training before you can
operate it. You must be computer literate before you can work well
with it.

Fortunately, the casual workers benefit from the expertise of the
permanent workers who are well trained ginning technology engineers.
One important observation we made is that the American expatriates
who visit the firm often do not provide any training for the permanent
workers, and so these engineers often rely on their own experience and
skills that they have acquired over the years. Thus, the firms are able to
secure an upgrade of the hard component of the technology but the soft
component, which is the knowledge and skills, is seldom upgraded
through the expatriate workers. One of the engineers in the ginnery
explained that

These expatriate workers take a lot of money but they don't give us
any training. They just fix the machines and then make sure they are
working. Maybe they are hiding something from us.

On average, the saw ginnery employs 121 saw gin plant operators
and 30 permanent staff. This includes casual workers and permanent
workers. Permanent workers at the saw ginnery earn higher wages and
are mainly workers who are highly skilled and also perform supervisory
roles e.g. engineers. The casual workers are hired on temporal basis
because cotton ginning is a seasonal job. On average, the firm pays an
average wage rate of US$ 19.5 a month.

3.6.2. Double roller ginnery
Unlike the 170 saw gin that employs 121 ginnery operators, the

double roller firm employs 240 gin operators for the double roller
ginnery (i.e. one machine operator to one double roller gin). Just as the
saw ginnery, the gin operators are responsible for a ginnery. This is due
to the more number of gin stands and the less automated operation
system of the gin stands. Thus, each double roller gin stand operator
requires minimum or no skills to be able to operate the machine.
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Therefore compared to the saw ginnery the soft technology, which is
the knowledge and skills, associated to the hard technology in the
double roller ginnery appears to be more appropriate.

Compared to the saw ginnery (US$ 19.5 per month), wages in the
double roller ginnery is higher (US$ 21 per month). The issue however
with the double roller gins is that the labour involvement in the ginning
process makes the feeding rate irregular and also increases con-
tamination and if care is not taken, can compromise the quality of the
cotton lint. So a lot of care is required during ginning so as to get clean
cotton lint with the required staple length after ginning. This makes
ginning laborious; and therefore, workers demand higher wages for the
meticulous ginning process they undertake.

Furthermore, its production rate is slower compared to those of the
Lumus saw gins. The double roller gin from emerging economies re-
quires almost 3 man h, whereas an American Lumus Saw Gin uses
0.33 man-h to produce a 185 kg bale of cotton (Table 2). On average, a
ginnery with double roller gin firm employs 240 workers per an 8 hour
shift as compared to 121 workers for the American Lumus Saw Gin.
Thus relative to the saw gins, the double roller ginning technologies are
more appropriate when it comes to labour intensity of the two alter-
native machines.

3.7. Maintenance cost

3.7.1. Maintenance of the Lumus saw gins
Regular replace of saws, frequent oiling of the machine and cleaning

are the main activities that are undertaken during maintenance work.
Engineers at the saw ginnery indicated to us that the average cost of a
saw is $100, and each saw must be replaced every 2 years. Each saw gin
has 170 saws and each saw costs US% 50.00. This means that a Lumus
ginnery requires US$ 8500.00 to replace 170 gin saw blades (i.e. if the
cost of each saw is US$ 50.00). In addition, they will require an average
of 20 l of the grease for annual maintenance work. Each litre of the
grease costs US$ 2.00 on the Ugandan market, amounting to US$ 40.00
for the 20 l of grease. This means that the Lumus ginnery requires a
total of US$ 8540.00 per Lumus gin saw. This makes it very expensive
for operators of the saw ginnery to maintain their ginnery, and in terms
of maintenance, inappropriate for developing countries like Uganda.

3.7.2. Maintenance of double roller gins
Compared to the American saw gin, the double roller gins from

emerging economies are mechanically simple and easier to maintain
without any specialized course or programme. Though the ginnery
employs skilled and competent ginnery engineers, most of the machine
operators are able to undertake simple maintenance activities at the
ginnery without direct supervision from the engineers. My field ob-
servation in the double roller ginnery shows that all the 76 casual
workers were able to undertake simple maintenance works on the
ginning machines after close of ginning. The leader of the casual
workers at the roller ginnery explained that:

I can dismantle this machine [double roller gins] into pieces and
clean all the left over lint and re-assemble them.

Another leader of the casual workers said that:

This machine is very easy to maintain that is why I like it [double
roller gin]. I find it very easy to clean and oil every part of the
machine.

Maintenance of the gins is mostly undertaken through regular re-
placement of worn out parts of certain key parts of the gin. In the case
of the double roller gin, the cotton rollers and the bearings are the most
important parts to frequently replace.

According to the ginnery engineer in the double roller ginnery,
originally, the roller-covering material for double rollers is usually
made of leather shafts and each leather shaft costs US$ 1000 (US$ 500/
year). Each of the leather shafts on the rollers must be changed on the

average every two years.3 This becomes very expensive for the ginnery.
The coping strategy is to use leather from cows to produce the rollers.
These locally fabricated leather rollers can be used for a year. Field
interviews with the engineers at the double roller ginnery indicate that
the cost of the fabricated leather roller is $5.00 instead of $ 1000 for the
exotic ones. The demerit for the fabricated leather rollers is that they
must be replaced every year compared to 2 years for the exotic ones. An
engineer from the double roller ginnery indicated that:

We don't buy the foreign rollers. In fact using leather from our local
cows to produce leather rollers is far better because it rolls better
cotton [cotton lint] than the one from India. It is also very cheap and
very easy to fabricate.

The double rollers are manufactured in such a way that the bearing
is changed every 3 months and it requires an average of 45 g of grease
per hour in order to operate more efficiently. The cost of the grease and
the bearings for a double roller gin stand is US$ 4.00. In total, a double
roller ginnery will require an average of US$ 9.00 to maintain a gin (i.e.
US$ 558.00 per year for 62 double roller gins).

Thus relative to the saw gins, the double roller gins appears to be
more appropriate in terms of maintenance and its associated cost. The
use of fabricated leathers rollers makes the cost of maintaining the
double roller gins cheaper than that of the saw gin. The less skills in-
tensive nature of the double roller ginning technology makes the double
roller gins appropriate in terms of cost of maintenance.

3.8. Repair cost

Repairs of the saw ginning technologies depend of availability of
spare parts and competent skilled repairers. Availability of spare parts
for the northern made Lumus saw gin is not readily available at the
Ugandan local market. Almost all the parts are ordered from the
manufacturers anytime there is a breakdown. Repair works are also
done by the manufacturers. Thus, ginning is always suspended anytime
the machine breakdown. The complicated nature of the saw ginning
machine makes it very difficult for ginners to repair them. A local en-
gineer in the saw ginnery explains that:

We are always limited. We don't get the training on how to repair
broken parts of this machine; it is a very complicated machine. Our
responsibility is to keep up to date records on how each machine is
functioning in this ginnery.

The owner of the ginning firm indicated that they undertake repair
works on the saw gin every 6 months. He further indicates that on the
average, the firm spends $ 3000 to hire an expatriate repairers anytime
a saw ginning machine breakdown. Thus, the complicated nature of the
machine and inability of the local engineers and operators of the saw
acquire the skills on how to repair the machine makes the Lumus gin-
ning machine not appropriate for the poor.

Local engineers and in some instances, machine operators in the
double roller ginnery are able to repair the machines anytime it
breakdown. They have very good understanding on how the ginning
machine operates. This is coupled with the fact that spare parts of the
double roller ginning machines are readily available on the local
market. Similar to the saw gins, repairs works is undertaken on the
double roller ginnery every 6 months and this is done by local repairers.
I must indicate that the engineers acquired the skills through cross
border movement of expatriate workers at the installation stage of the
machine. These expatriate provide simple training to the ginners and
ensures that local repairers are able to repair the machine in their ab-
sence. The manager of the double roller ginnery indicates that he
spends US$ 310 per year on repair works.

3 It must be emphasised that the rate of changed usually depends on the variety and
nature of seed cotton.

D. Botchie et al. Technological Forecasting & Social Change xxx (xxxx) xxx–xxx

10



3.9. Energy cost

Energy is one of the major issues facing the ginning sector in
Uganda. All the ginneries are located in rural areas where there is no
electricity infrastructure. So, most ginners use diesel to power the
ginneries. The owner of the double roller ginnery indicates that each
gin stand uses 200 l of diesel a week and the cost of 1 l of diesel is US$
0.58. This means that the ginning machine consumes US$ 5568 worth
of diesel a year. The saw gin on the other hand consumes 4000 l of
diesel a month. With the cost of a litre of diesel estimated at US$ 0.58,
saw ginnery spends a total of US$ 27,840 on diesel annually. Thus,
energy requirement of the two technologies is capital intensive and may
be expensive for local Ugandans to invest in, particularly when we
consider this from the perspective of those who live below US$ 2 a day.

3.10. Environmental appropriateness of the alternative technologies

However, officials of the Uganda Standards Authority, the Indian
Bajaj gins emit more greenhouse gases compared to those from the USA.
The Uganda Standards Authority often conducts annual monitoring
exercise on the various machines that are imported into the country.
They indicated that the Bajaj ginning machines emits more than twice
the amount of GHG that are emitted by a Lumus cotton gin and this has
been consistent between 2007 and 2012. They explained this with data
from 2007 to 2012. The data shows that average GHG emissions from
the Lumus cotton gins over the period indicated above is
0.093651 CO2eq/kg Cotton yarn. The roller gins on the hand emit
0.161025 CO2eq/kg Cotton yarn for the same period.

They also measure the amount of sound pollution caused by each of
the two alternative technologies. Each double roller and saw cotton
ginnery produces an average of 120 dB and 90 dB of sound per pro-
duction day respectively. This means that relative to the saw gins, the
double roller gins are inappropriate in terms of sound pollution and
GHG emissions. Though the double roller gins may appear to be gen-
erally appropriate in Uganda, it is not environmentally friendly. Lack of
standards enforcement is mainly the reason why such technologies are
imported into the country. Though the Ugandan Standards Authority is
aware of these GHG emissions from the ginneries, they often overlook
them with the view that Uganda encourages the importation of in-
dustrial technologies and so as a policy, they encourage importation of
such technologies.

3.11. Ginning out-turn

The ginning outturn (GOT) of a ginnery is measured by the lint
percentage of the seed cotton, the weight of foreign matter as well as
trash in seed cotton and the moisture content before and after ginning
(Estur and Gergely, 2010). The proportions of lint in clean seed cotton
and are determined by the weight of lint per seed. The roller gin is a
slower and softer process than saw ginning, and it gets rid of less for-
eign matter, hence leading to better ginning outturn for the ginner
(Estur and Gergely, 2010). However, it means that it will produce more
trash for the end-users Estur and Gergely, 2010). Data from the two
ginning firms show that GOT for the double roller gin is 34% and that of
the saw gin is 31%. The roller gins produce longer staple length, less
short fiber, and fragmented seed coat than the same cottons ginned
with saws. As such, roller ginned cotton commands a price premium.
However, if care is not taken, the level of contamination of the cotton
lint can offset the premium. However, the Indian Double roller gin
produces a longer staple length (1/8 in.) which is of high demand on
the international market compared to that of the short staple length
produced by the American Lumus saw gin (1/16 in.). This means that
the double roller technology from emerging economies may have their
own challenges but stands a better chance of producing long staple high
quality premium priced staples, hence, more appropriate in terms of
quality of output.

4. Discussion and conclusion

The crisis in the growth model in the Northern economies has
presented a very good space for the boom in some emerging economies
like China and India, to facilitate development in Africa (Broadman,
2008; Shaw et al., 2007). Such change might provide manifold oppor-
tunities for those at the bottom of the pyramid to have access to ap-
propriate technologies required to improve upon their livelihoods
(Kaplinsky and Morris, 2010; Tull, 2006). It is in this regard that we
examined the appropriateness of hard and soft ginning technologies
transferred from the USA and India on the basis of their capacity, ac-
quisition cost, maintenance cost, repair cost and ginning out-turn in the
case of hard technology, and skills and knowledge in the case of soft
technology. Our study shows that both the hard and soft components of
a technology must be appropriate. The transfer of an appropriate hard
technology without the soft component will make the former in-
appropriate; unless the country/or firm is endowed with knowledge and
skills required for efficient operation of the hard technology. We also
argue that soft technologies—knowledge and skills—transferred into a
country must be further transferable to all users of the technology. We
further show that the saw ginnery bring in expatriates from USA for
installation and repairs, but do not train the machine operators how to
operate the machine efficiently. This impedes smooth transfer of tech-
nology into the saw ginnery.

While we accept that soft and hard technologies from emerging
economies may be appropriate, we argue that an appropriate tech-
nology in addition to its problem solving abilities can best achieve its
purpose if the poorest of the poor can also afford them. We realise that
the double roller ginning machine is still very expensive for the poorest
of the poor despite the fact that it is less knowledge and skills intensive,
easier to repair with lower maintenance cost and operate on smaller
scale compared to those from the northern economies. This is ag-
gravated by the fact that the country is landlocked and so incurs very
high cost in transiting the technologies from the Mombasa port to
Uganda. We also argue that it will be very difficult for a technology to
meet all socioeconomic and environmental conditions required for it to
be “fully” appropriate for an economy. For instance, though the double
roller gins appear to be pro-poor, they are not environmentally ap-
propriate. This is mainly because as a policy Uganda does not enforce
standards on these technologies. As a result of the country's lack of
technological capability; it finds it important to relax standards to en-
courage the importation of industrial technologies. The findings from
our study demonstrates that the rise of the India and China in tech-
nological development provides a good opportunity for developing
countries like Uganda to have open access to appropriate technologies
they require for industrialisation and ultimately create jobs for poverty
reduction. But this will be realised if cautious efforts are made to
identify technologies that people who earn $2 a day can acquire.

As a policy, Uganda can take advantage of this cheap source of la-
bour to build capacity in the area of technology utilisation and devel-
opment. This will create opportunities for Ugandan indigenous busi-
nessmen to get the appropriate labour required for their businesses. It
will also help entrepreneurs to identify the most appropriate type of
technologies required in Uganda. Productivity is likely to rise since is-
sues regarding machine inefficiencies will decline significant (see
Stewart, 1982). There is also the need for Uganda to provide financial
support for STI activities to keep skilled labour in the industry and also
support them to be able to transfer the skills they have acquired to
others. This can be done by putting in place practical oriented educa-
tional and training systems that produces human resources that can
apply contemporary technologies to increase productivity. On another
note, one reason why the double roller cotton gin appears to be capital
intensive for the poorest of the poor is because of the build-up cost at
the port in Kenya and Tanzania. We encourage the Ugandan govern-
ment to support technological import by negotiating with the Kenya
and Tanzania through the East African Community to waive such port
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charges. In addition, the double roller ginning technology is small in
nature, simple and less capital intensive compared to those from the
north. Though the cost remains high for those at the bottom of the
pyramid, the simplicity of the machine means that government in the
long-term can build the capacity of local Ugandans in this area to
manufacture these technologies for both local and international con-
sumption.

For future research, we encourage future technology and innovation
scholars to focus on (re)examining the appropriateness of industrial
technologies from the West and East making their way into developing
countries, particularly in Africa. This will provide a holistic view of the
appropriateness of Asian Driver technologies, and their potential in-
fluence on economic development in the third world. It is possible that
the Indian technologies in other sector are not appropriate. We must
emphasise that evidence in Kenya shows that technologies in the Jua
Kali sector are appropriate (see Atta-Ankomah, 2014). However, this is
still not enough since there is different spectrum of technologies spread
across different sectors (and sub-sectors) in developing countries in-
cluding Uganda. One of the key barriers of industrialisation in devel-
oping countries is lack of technologies. In an era where Africa has be-
come the new economic frontier for India and China, there is the need
to ascertain whether technologies from the Asian Driver economies will
enable African countries to boost their productivity and drive the
needed economic growth they desire.
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