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Abstract

Purpose Despite the fact that life cycle assessment (LCA) is a very vital tool, it has not been used in Uganda most likely because very
little is known about it. In an attempt to initiate and promote LCA in Uganda, a partnership among Makerere University, selected agro-
based companies, and Uganda National Bureau of Standards (UNBS) was initiated with the broad aim of promoting life cycle thinking
for improved agricultural products competitiveness on regional and international market. Specifically, the study focused on assessing
and quantifying the environmental impacts throughout the life cycle of selected products.

Methods Life cycle assessment tool was used to quantify environmental impacts including global warming, ecological toxicity, human
toxicity, photochemical oxidation, and abiotic depletion. A detailed, process-based gate-to-gate (core process) LCA approach in
accordance with ISO 14040, 14044 (ISO 2006a, b), PCR 2012:07 CPC 013 Fruits and nuts together with PCR 2011:08, CPC 2143
Fruit juices was conducted. The functional units have been redefined to; 1 litre of packaged juice ready for consumption and 1 kg of
packaged dried fruits including the non-edible parts. Calculations at the farm stage involved calculations of net emission from land
cover changes using; AC = (activity data * emission factor). Calculations of N,O from manure management were obtained.
Results and discussion Carbon dioxide emissions mainly result from the change of tree cover to crop fields and use of fossil fuel.
The other impact categories (ecological toxicity, human toxicity, photochemical oxidation, and abiotic depletion) were brought
about by the packaging material used. Results also showed that energy consumption was highest at the agricultural stage of dried
pineapples processing and production/factory life cycle stage of sweet bananas. The main challenge during assessment was lack
of records.

Conclusions There is need for avoiding or minimizing the conversion of forest-covered land into agricultural land use due to the
high-carbon emissions associated with the change, and for switching to renewable energy sources. There is need for a national
database to support LCA efforts.
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1 Introduction

Uganda’s economy predominantly depends on agriculture
with about 80% of the population deriving livelihoods from
it (FOWODE 2012). The availability of raw agricultural prod-
ucts is increasingly attracting the development of agro-based
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industries (MTTI 2008). According to the statistics of UIA
(2013), Uganda is ranked number one in the production of
fruits like pineapples, sweet bananas and mangoes in Africa
making this sector one of the most targeted by investors in the
country. New processing industries are being established to
meet the increasing demand for fruit products (juice and dried
fruits) on both the local and export markets. The number of
agro-based industries is potentially going to increase in
Uganda in the near future.

The growth in agro-based industries in Uganda is expected
to lead to an increase in environmental impacts and green-
house gas (GHG) emissions during transportation (of raw ma-
terial/products), product processing, packaging, and wastes
generated (Mogensen et al. 2009). Despite this eminent envi-
ronmental problem, there has been no or very limited effort in
Uganda to help in identifying and quantifying environmental
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impacts across the entire life of any product or process. This in
turn has limited the decision-making efforts aimed at devising
environmental management approaches to these impacts
(Kaval 2011). A number of tools to support decision-making
processes pertaining to quantifying and managing environ-
mental impacts have been developed and utilized (Guinée
2001). Among these tools is life cycle assessment (LCA)
which is a process of compilation and evaluation of the inputs,
outputs and the potential environmental impacts of a product
system throughout its life cycle (ISO 14040 (2006a)). In turn,
through recommendations, LCA helps decision-making in re-
ducing costs through the use of efficient materials, production
processes, and waste management practices (EEA 1997).

LCA has been used worldwide most especially in
European countries (Chanaron 2007) as a tool for environ-
mental management. Use of LCA in these countries has been
the major source of information for improved management of
environmental impacts from various product systems (ECA
2014). LCA has been used to quantify the effects of food
productions systems on the environment through impacts like
eutrophication of waterways, acidification, and emissions of
GHGs resulting into global warming (Sonesson et al. 2010).
LCA has also been used to establish environmental impacts
associated with the production and consumption of a food
product at various levels (DEFRA 2006).

A study done in Thailand by Phanchandee and Sachakamol
(2013) noted that among the very many environmental prob-
lems associated with agricultural production, global warming
is the most overlooked by scientists. A LCA tool was thus
used to assess a number of environment impacts associated
with all stages of mango and mangosteen’s life from cradle-to-
gate. In another LCA study, it was found out that pineapples
have a higher energy demand and carbon footprint than com-
mon tree fruits like apples and oranges because of it being
more input intensive (Ingwersen 2012). Also, research find-
ings in Australia suggested that interventions in food chains to
reduce on water use consumptions will likely have greater
impact on freshwater resource availability as other water use
efficiency measures in agriculture and food production
(Ridoutt et al. 2012).

Quantification of energy consumption is another im-
portant way in which LCA provides support on product
life cycle management (LCM) especially through pro-
viding information on indirect effect of climate impact
through GHG emissions (Nilsson et al. 2011). LCA
studies have remained vital in providing detailed infor-
mation for strategic planning and decision-making dur-
ing product manufacturing so as to reduce on the envi-
ronmental impacts (Liamsanguan and Gheewala 2008).
Through LCA, a product design can be improved by
considering raw material, production technologies, and
waste management strategies which emit less GHGs to
the atmosphere.
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Despite the importance of LCA, it has not been used in
Uganda most likely because very little is known about it.
Even those who may be interested in LCA face a challenge
of limited skills and knowledge that are required for a mean-
ingful LCA process (Walakira et al. 2013).

In an attempt to initiate and promote LCA of agro-
processing production systems in Uganda, a partnership
among Makerere University, selected agro-based companies,
and Uganda National Bureau of Standards (UNBS) was initi-
ated with support from the Swedish Standards Institute (SIS).
This specific partnership effort is a follow-up on earlier iden-
tified needs pertaining to carbon footprint and life cycle man-
agement in Uganda (Walakira et al. 2013). The broad aim of
the current initiative was to promote life cycle thinking and
facilitate understanding and implementation of life cycle sus-
tainability principles for improved agricultural products com-
petitiveness on regional and international market. Among the
activities of the partnership, there was a pilot LCA study based
on three selected agro-based companies in order to demon-
strate the importance of LCA as a tool for decision-making
around adopting new and alternative methods of production
that consider reduction of environmental impacts and pro-
motes food products’ sustainability in agro-processing sys-
tems in Uganda. Therefore, the aim of the study was to con-
tribute to the understanding of Uganda specific environmental
impacts from agro-based industries for improved life cycle
management. The specific objectives of the study were to
quantify the various inputs and outputs at the different stages
of the product systems, assessing the associated environmen-
tal impacts, and quantifying waste released to the environment
and documentation of the challenges and limitations for
implementing LCA. The products considered for this study
were dried pineapples, dried sweet bananas, pineapple juice,
and mango juice.

2 Materials and methods
2.1 Study area description

The agro-based companies from which data collection was done
were: Rural Community in Development (RUCID), Flona
Commodities, and Be Organic. RUCID Company is located
in Lubanja Village, Mityana District. The company processes
dried fruits, juice, jam, and wine from various fruits it receives
from farmers. RUCID uses a company truck to collect fruits
from various farms in Mubende and Mityana districts. Flona
Commodities is a company located in Kangulumira, Kayunga
District. Flona collects fruits to be processed from various sites
in Eastern Uganda using pickups to Kayunga where they are
processed into dried products and juice. Be Organic Company is
located in Busi Island, Wakiso District. This company only
deals in processing dried fruits. Some of the farms that supply
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this company with fruits are located on Busi Island. Other farms
are located on the other surrounding islands. Boats are used to
transport the fruits between Islands. Trucks are used to transport
the fruits within the island to the factory. All these companies
sell their products in local, regional, and international markets.
Dried pineapples and mango juice were considered at RUCID
for this study. For Flona Commodities, dried pineapples and
pineapple juice were considered, while dried pineapples and
dried sweet bananas were considered at Be Organic.

This LCA study includes goal and scope definition, life
cycle inventory analysis, impact assessment, and result inter-
pretation basing on ISO 14044 requirements.

2.2 Goal and scope

This study focuses on and used life cycle assessment as a tool to
quantify the environmental impacts of global warming, ecologi-
cal toxicity, human toxicity, photochemical oxidation, and abiotic
depletion during the production of fruit products. Identification of
the environmental impacts was based on descriptive LCA. The
products considered in the study are pineapple and mango juice
and dried pineapple and sweet bananas. The targeted audience
for data and information from the study are academia, agro-based
companies, business individuals and institutions, policy makers,
standards institutions, and organizations, among others.

2.2.1 System boundary

A detailed, process-based gate-to-gate (core process) LCA
approach in accordance with ISO 14040, 14044 (ISO 2006a,
b), PCR 2012:07 CPC 013 Fruits and nuts together with PCR
2011:08, CPC 2143 Fruit juices was conducted as summa-
rized in the flow diagram (Figs. 1 and 2).

In the following lines, there is a description of the produc-
tion processes of the fruit products concerned.

2.2.2 Fruit juice

Fruit juice processing involved transportation of fruits from
the farms to the factory, fruit juice production (selection and
sorting, washing, peeling and cutting, juice extraction, juice
filling), packaging and labeling, and waste generated.

2.2.3 Dried fruit

Dry fruit processing included the agricultural phase (land
clearing, cultivation, harvesting), transportation dried fruit
production (selection and sorting, washing, peeling and cut-
ting, fruit drying, packaging and labeling, and waste
generated).

2.2.4 Functional units

Selected functional units were; 1 litre of packaged juice ready
for consumption and 1 kg of packaged dried fruits including
the non-edible parts. The following packaging size functional
units per fruit product were used in this study: dried pineap-
ples (poly-ethylene 0.00370 kg and poly-vinyl chloride
0.00159 kg), dried sweet bananas (poly-ethylene
0.00098 kg), mango juice (poly-ethylene 0.00284 kg and
glass jar 0.21212 kg), and pineapple juice (poly-ethylene
0.00106 kg).

The inventory analysis was mainly based on primary data
from farms and factories collected in June 2014. Secondary
data for GHG emissions from land use change was obtained
from the default IPCC values.

Fig.1 Flow diagram showing life
cycle stages during the production
of fruit juices
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Fig.2 Flow diagram showing life
cycle stages during the production Inputs
of dried fruits
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Among all products chosen from the three sites for this
LCA study, dried pineapples were the only product produced
at all these sites. Thus a single entity was obtained as an
average for the values from the three sites after normalizing
pineapple inventory values to the functional unit.

During this study, the main cause of uncertainty in the data
collected was the assumptions and estimations made especial-
ly at the farms. For example, there were no records on the
amount of fuel used and so it had to be estimated. Other
assumption include land transformation (from the initial veg-
etation cover to the current) was based on only the change in
the vegetation cover type, and traveling of employees to and
from their place of work was excluded.

2.3 Impact assessment

The impact assessment includes the selection of impact cate-
gories, classification, and characterization based on ISO
14044 (2006b). Impact categories considered during this
study for 1 1 of packaged juice and 1 kg of packaged dried
pineapple are global warming, human toxicity, ecological tox-
icity, photochemical oxidation, and abiotic depletion. Also for
dried fruits, greenhouse gas (GHG) emissions as a result of
land use change are considered.

2.3.1 Assessment of environmental impacts of various inputs
and outputs at the different stages of the product life cycle

Emissions from agriculture Estimation of Net emission

from land cover changes is based on the tier 1 approach
as developed under the 2006 IPCC Guidelines for
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National Greenhouse Gas Inventories using the following
equation. AC= (activity data * emission factor) (Agus
et al. 2013).

Where AC is the change in carbon stock, Activity data is
the area undergoing a specific type of land use change that
emits carbon, and Emission factor is the total loss of carbon
stock per unit land area during the specific type of land use
change. For this study, FAO emission factors are used (http://
www.fao.org/docrep/019/13671e/i3671e.pdf).

Calculations of N,O from manure management are ob-
tained using the IPCC tier la method N,O =N, x
FRACgasm X EFA, where: N,O =emission due to NHj
and NOx losses from manure (kg N/Y), N, =Total N
excreted by animal in the country (for this study, default
IPCC values were used) (kg N/Y), FRACgasm = Fraction
of total nitrogen excretion that is emitted as NOx or NHj
(kg/N/kg), EFA =1PCC default emission factor (EEA
2000).

Manufacturing stage (factory) (a) CML 2001 method

The Center of Environmental Science of Leiden University
methodology, CML 2001 (Guinée et al. 2002) together with
characterization factors of CML-IA, April 2013 database
(https://www.universiteitleiden.nl/en/research/research-
output/science/cml-ia-characterisation-factors accessed on 14/
May/2014) are used to get impact category indicator results.

Midpoint impact categories considered using this method
are global warming, ecological toxicity, human toxicity (con-
sidering poly-ethylene as an input), photochemical oxidation,
and abiotic depletion.


http://www.fao.org/docrep/019/i3671e/i3671e.pdf
http://www.fao.org/docrep/019/i3671e/i3671e.pdf
https://www.universiteitleiden.nl/en/research/research-output/science/cml-ia-characterisation-factors
https://www.universiteitleiden.nl/en/research/research-output/science/cml-ia-characterisation-factors
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(b) USEtox method

Besides poly-ethylene (PET), poly-vinyl chloride
(PVC) also causes human health impacts. USEtox method
(Rosenbaum et al. 2008) was used to get characterization
factor value of PVC so as to get the results of human
toxicity.

Characterization factors for calculating human toxicity and
freshwater ecotoxicity for the case of PET were obtained using
CML-IA, April 2013 database.

To calculate environmental impact assessment results of
global warming, human toxicity, ecological toxicity, photo-
chemical oxidation, and abiotic depletion impacts, the follow-
ing formula was used:

Inventory data x characterization factor = characterization
value.

Quantifying energy use Quantity of fuel; hydroelectric power
(kWh), diesel (liters), petrol (liters), fuel wood (kg), and char-
coal (kg) used were converted (using FAO conversion factors)
into energy and results recorded in mega joules.

Wastes generated During fruit product manufacture, there are
products (according to PCR 2012:07 CPC 013 Fruits and nuts
together with PCR 2011:08, CPC 2143 Fruit juices docu-
ments) that are not consumed by humans. These were record-
ed as wastes (either non-hazardous or by-products).

3 Results

The assessment results on global warming, ecological toxicity,
human toxicity, photochemical oxidation, and abiotic deple-
tion impacts of the production of packaged juices and pack-
aged dried fruits are shown in Table 1.

3.1 Energy consumption

Results from assessment and quantification of energy use are
shown in Fig. 3. The results show that, as was expected, more
energy was being consumed during the production of dried
fruits than for production of juices. Dried pineapples con-
sumed more energy at the agricultural stage compared with
dried pineapples. At the manufacture/production stage, sweet
bananas consumed the highest amount of energy (Fig. 3).

3.2 Global warming

Global warming impact was highest during the production of
dried fruits than juice. Production of dried sweet bananas con-
tributed the highest value of this impact.

3.2.1 Vegetation cover change emissions

Production of dried fruits included the agricultural stage.
During land clearing to grow fruits (pineapples and sweet
bananas), some of the forest land, grassland, cropland (cof-
fee), and shrubland was converted into agricultural land.
Results for carbon dioxide emissions quantification from
change in the land cover are shown in Fig. 4. Loss of forest/
tree land cover contributed the highest amount CO, emission
to the atmosphere (Fig. 4) especially at the agricultural stage
of dried pineapples.

3.3 Human toxicity, ecological toxicity, photochemical
oxidation, and abiotic depletion

Charcoal burning during the production of dried pineapples
and mango juice caused photochemical oxidation with dried
pineapples production having the highest recorded value of
this impact. The use of PET packaging material also caused
this impact (photochemical oxidation). Ecological toxicity,
human toxicity, and abiotic depletion impacts also resulted
from the different types of packaging material as presented
in Table 2. Ecological toxicity, human toxicity, and photo-
chemical oxidation (all from the use of PET packaging mate-
rial) were recorded the highest during mango juice production.
Dried pineapples were the only fruit product with a record of
human toxicity impact due to the use of PVC. This happened
since none of the other fruit products used this type of pack-
aging material. Abiotic depletion impact category was ob-
served only during mango juice production (Table 2).

3.4 Wastes and waste management practices

These were products not consumed by humans but were gen-
erated along with the main product. These were grouped into
non-hazardous wastes and by-products. Non-hazardous
wastes included waste water, old generators oil, spilled
diesel/ juice, PET packaging material, and broken glass. By-
products were peels, pulp, suckers, banana stalks, and mango
seeds (Table 3).

3.5 Challenges and limitations

The challenges and limitations of this study were mainly as-
sociated with absence of related background data and infor-
mation at the study sites level, and in Uganda as a whole.
Similarly, there was lack of expertise and technical support
at all levels considered by the study. Specific challenges at
farm and transport levels are presented next under the respec-
tive headings.
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3.5.1 Farm level

During data collection, some farmers were not willing to dis-
close some of the information about their farms. Tracing the
sources of raw materials used by different companies was
difficult due to lack of records. Physical access to village
farms was also extremely difficult.

3.5.2 Transportation level

At transportation level, there were no records (most especially
at the farm level) about the amount of fuel consumed. So, most
of the figures recorded were estimates. For the processing
level, the main challenge was lack of a national (Ugandan)
LCA database/baseline data to compare with the data that
were collected.

4 Discussion and recommendation

4.1 Amount of carbon dioxide emitted during land
cover transformation

Results from this study clearly show that the single most im-
portant impact was global warming directly linked to land
cover change. The land covers converted were mainly
tree/forest, grassland, and shrubland. As expected, most of
the carbon emissions were realized in areas where conversion
was from tree cover to crop fields. This is because the carbon
that has been stocked in trees over a long period of time is lost
during the conversion from tree/forest cover into fruits crop
fields with less carbon value. The finding is in line with sev-
eral other studies that have shown that land cover transforma-
tion plays a great role in increasing atmospheric CO, (Sitch
et al. 2005; Parish et al. 2007; Agus and Subiksa 2008;
Pachauri and Reisinger 2008). In a study conducted by
Brown et al. (2012), agricultural expansion was found to be
a major driver of deforestation in many countries. In their
study, they further show that reducing emissions through re-
duced conversion of forests into farmlands requires increased
production on existing lands. Results suggest that there is need
to avoid and/or minimize conversion of tree/forest-covered
land into agricultural land use because of the high-carbon
losses associated with the process that is not easily recaptured.

Whereas the growth of agricultural based industries is
seen to be a positive development indicator in Uganda, the
growth needs to be matched with sustainable development
principles. Moreover, there is a need to ensure that the agri-
cultural products meet regional and international standards
which is important in promoting market competitiveness
(World Economic Forum et al. 2015). Regional and interna-
tional recognized standards require measurement of perfor-
mance based on recognized facts and methodologies that
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Fig. 3 Energy consumption
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promote sustainable principles. Therefore, there is need to
develop institutional and human capacity for assessing pro-
duction compliance to standards and legislation as one of the
ways of discovering and promoting competitive advantages
for the agro-based industries in Uganda. For the selected
companies in this study, there was no deliberate effort for
life cycle management in spite of existence of some level of
awareness of its importance. There is need for production
system specific awareness, training, and technical engage-
ments to promote life cycle management practices that will
in-turn promote sustainable agro-based production systems.
Related efforts in Uganda are being initiated to support
decision-making process toward reduced emissions from for-
estry and land use including those linked to energy (Basu
et al. 2013) and climate smart agriculture (M. A. A. I. F
2011; Ampaire et al. 2015). Such efforts need to include
technical guidance on renewable energy from agricultural
wastes among other innovations aimed at improving life cy-
cle management. Innovation from business is vital to making
progress. In order for life cycle management (LCM) to

benefit companies and other interested parties, there is also
need to provide clear, consistent, and reliable quantification
and communicating environmental impacts using LCA ac-
cording to established and recognized standards to ensure
competitiveness of products on both regional and interna-
tional markets.

4.2 Global warming

Global warming potential was higher during the production of
dried fruits than when juice was produced from the industries.
This is attributable to the required use of more energy during
the dehydration of the fruits. The energy used for drying fruits
was mainly obtained by using petrol and diesel generators and
fuel wood which are associated with emission of greenhouse
gases especially carbon dioxide that is majorly responsible for
global warming (Hoffert et al. 2002). Production of dried
sweet bananas produced the highest amount of global
warming impact compared with the production of other fruit
products. This was surprising because pineapples are more

Fig. 4 Amount of CO, emitted

M Dried pineapples

® Dried sweet bananas

= = B

during land cover transformation 30000 -
to produce 1 kg of packaged dried
plneapPle fruits including the o 25000
non-edible parts 2
8 20000 1
()]
£
3 15000 -
[N
b=
E 10000 -
o~
o}
Y 5000 -
0

Forest Grassland Shrubland Cropland
(coffee)

Initial vegetation cover type

@ Springer



Int J Life Cycle Assess

3y £26850°0 Se'l 9TLOILT [eLoyew Sunuelq spaas oguew ‘sioons ajddesurg
g - B - 6£S€0C0 SPa?J [ewiue ding
3y B N 9011590 - 3d 9)sem o ojur Jjo pasodsiq y[els eurURyg
B | 818950°0 950 1STr19°0 SS916°1 Sunsodwo) S[ed
syonpoid-Ag
3y S0-H€9'9 n B B [euRrew Surping sse[3 uovorg
I §TST00°0 B B - JI00[J 9} WO JJO paued[) dom( paqidg
I B a a €92010°0 100[J oY) WOy JJo paurd]) s[ids asarq
3y - L0-d9 90-4L0°€ 7L0100°0 Surung uadQ euajew Surdexoed duojAype-Aj0d
I N B 9G€ST10°0 $88000°0 3o plos [10 103e12Ua3 PO
I £19v6C°0 608%°0 978TS 01 LSETES'T nd syeos I9)eM QISBA
9)Sem SNOPILZEY-UON
nun dom( o3uey som[ ojddeaurq SeuBURq J0dMS PILI(] sojddeaurd paug donoerd JuowaSeuey AISBA\

domn( iy Jo | | pue syuny paup jo 8y | jo uononpoid oyy Juunp pajerduds oisepr € d|qel

‘ba Auowmue 3y 21-AL6'C (reoyewr Surdexoed sse[3 woiy) uonaydop onoiqy
"ba ouajApe 8y €0-d8'+ €0-d6L'1 90-d61°S €0-dLLT (reueyewr Surgexped [Hd wo) UOHEPIXO [EdIUWDYI0I0YJ
papiue Sy/ATvd o o o 60-920°8 (reuepewr Surexped HAJ WOL) AISIX0} UBWNE
"bo suazuaqoIo[OIP-1*1 5 €0-998'1 Y0-4€6'9 90-4600'C YO-d10°L (feueyew Surdexoed [Hd woly) AIOIX0) UeWng
"ba suazuaqorojyaIp-4*| 5y S0-H6€°9 S0-d8€'C 80-d16'9 SO-dI¥'C (reueyewr SurSexoed [ woi) AIorXo) [ed130]007
pasn [eudjew Surdexoed Jo sadA) yuaroyip ay) woy Sunpnsar syoeduy
‘ba ouojAyo 3y €0-dv0°C o - €0-dT'S (Suruang [eodreyd 03 anp O WIOIJ) UOHEPIXO [EONUOYI0)OYJ
"be 70D B 10-426°L v0-H €69 00 955°8S 009 8S¥ Sururesm [eqo[D
nun domn[ o3uey dom( ojddesurq SBUBUBQ }09MS PALI(] sojddeaurd pauig K1039180 108dU]

Sy paup jo 3y | pue 20mf 3nyg Jo | | Jo uononpoid oy yym pojerdosse syoedw [ejuowuoniAug g djqel

pringer

Qs



Int J Life Cycle Assess

hydrated than sweet bananas. As such, the expectation was
that there would be more carbon dioxide emissions associated
with more energy use during pineapple fruit drying. This is
attributed to a lot of fuel used (most especially fuel wood)
during sweet banana drying compared with dried pineapples.
Wood has a high amount of carbon stock (IPCC 2006), so
burning it emits large sums of carbon dioxide to the atmo-
sphere. Therefore, this further calls for the need to invest and
promote use of cleaner energies especially hydroelectric pow-
er and solar energy for fruit drying since they are associated
with far less GHGs emissions to the atmosphere (Hydro
Quebec 2009).

4.3 Environmental impacts resulting from packaging
material used

Packaging material used included poly-ethylene (PET), poly-
vinyl chloride (PVC), and glass. PET and PVC contribute to
ecological and human toxicity respectively (Lithner 2011). It
was also noted that besides PVC, the use of PET also contrib-
utes to human toxicity (Table 2). The recorded values of this
impact from these two types of packaging material were not
combined since they have different units of measurements.
Impacts from the use of PET were highest during mango juice
manufacture because of the higher amount of this packaging
material used than in the production of other fruit products.
Mango juice was the only fruit product packed in glass. This
resulted in the observation of abiotic depletion impact at only
this fruit product.

4.4 Energy consumption

Results also showed that high values of energy consumption
were recorded at the agricultural and production/factory stages
of dried pineapple production and dried sweet bananas respec-
tively. At the agricultural stage, most of the energy was in
form of charcoal burning and fossil fuel (diesel) while at the
factory energy consumption was mainly in form of fossil fuels
used to run generators. The patterns of energy use and the
related global warming potential as quantified during the
study further points to the need to explore options for reducing
environmental impacts and costs associated with using fossils
fuels. The apparent option is resorting to renewable energy
sources which are available in Uganda. This will include pro-
vision of reliable hydroelectricity and efficient use readily
available bioenergy options including use of agricultural
waste which was available at the case study factories, but
was not utilized for energy generation. The results are another
pointer to the current general global need to transition from
fossil fuels to other sources of energy. Again, use of the or-
ganic wastes generated during agro-processing for bioenergy
generation might be a good beginning point. It will also be
important in promoting efficiency in the production system
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and diversification of energy sources. Such efforts are essen-
tial in supporting reduction of energy consumption and in-
creasing the share of renewable energy and other important
energy-related sustainable development targets. It also sup-
ports the global efforts aimed at reducing greenhouse gas
(GHG) emissions linked to the agriculture sector which con-
tribute about 30% of the global emissions (IEA Bioenergy
2010). Whereas the agricultural products from developing
countries like Uganda still enjoy global market access because
they are predominantly organically produced, there is need to
pay attention to issues related to sustainable production partly
for purposes of ensuring market competitiveness and sustain-
ability. The consumers’ expectations have changed in the re-
cent past with indications that they are willing to pay more for
sustainable products most especially in developed countries.
As such, more and more retailers/wholesalers give preference
to growers/suppliers that produce sustainably and/or have im-
plemented strategies to gradually improve their sustainability
performance (Yue et al. 2010).

Whereas the sustainable development benefits offered
through LCA are undisputable, the experiences from this
study show that there are quite a number of challenges that
need to be addressed in the process of seizing those benefits.
The lack of records challenge encountered in the course of this
study will require establishment and development of a nation-
al database to support LCA and LCM efforts (Sonnemann
etal. 2016). Such database should clearly reflect local, region-
al differences in the life cycle systems. The clear lack of local
technical expertise will require investment in technical capac-
ity building through institutions such as universities, environ-
mental management agencies such as the National
Environment Management Authority (NEMA), and standards
agencies such as UNBS. Without technical assistance from
international expatriates through the support by Swedish
International Development Cooperation Agency (SIDA)
through SIS, implementation of this LCA activity would prob-
ably have not happened.

4.5 Challenges and limitations

The technical challenges and limitations experienced through
this study including methodological and data constraints re-
main a critical consideration for better LCA studies in
Uganda. However, this is a general problem in developing
countries where information and technical capacity on LCA
is generally inadequate most especially on crops like fruits
(Ruviaro et al. 2012). This is in part due to the generally low
levels of development in life cycle management in particular
and environmental management in general. In some of these
countries, where efforts have been made to develop and im-
plement life cycle management policies and interventions,
food products such as fruits are generally considered to cause
lower environmental impact than most of other food products,
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hence given less attention (Notarnicola et al. 2014). Key to
addressing this problem will involve capacity building pro-
grams and investing in efforts to undertake baseline studies
and establishment of databases to support LCA efforts.
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