
 

978-1-6654-8786-3/22/$31.00 ©2022 IEEE 

Estimation of embedded energy of some selected 
vegetables in the vegetable value chain, Sri Lanka  

 

D.M. Charuni M.K. Dasanayake 
Dept. of Food Science and Technology, 

Wayamba Univeristy of Sri Lanka, 

Sri Lanka 

dascharuni@yahoo.com 

M. Anusha Wijewardane 
Dept. of Mechanical Engineering,  

University of Moratuwa,  
Sri Lanka 

anusha@uom.lk 
 

Chamila V.L. Jayasinghe 
Dept. of Food Science and Technology, 

Wayamba University of Sri Lanka, 
Sri Lanka, 

cjayasinghe@wyb.ac.lk

  

Abstract—Vegetable value chain is an energy intensive process. 

Embedded energy of the vegetables from farm to the retailer 

market has a significant impact on the market prices of the 

vegetables. However, the market price of the vegetable does not 

directly depend on the embedded energy cost of a particular 

vegetable as the availability of vegetables in the market varies 

depending on the different harvesting seasons in the calendar year. 

Sri Lanka is an agricultural country which is self-sustain for its 

total vegetable requirement. This study explains the estimation of 

embedded energy of some selected vegetables in the vegetable 

value chain of Sri Lanka. 

Keywords— Embedded energy, Fruits and vegetables, Market 

prices of vegetables, Vegetable value chain  

I. INTRODUCTION  

Global energy consumption can be categorized into five major 
sectors and are; transportation, industry, agriculture, 
commercial and public services and, residential. Food 
production and agriculture are inseparably linked with energy 
and known as energy intensive processes [1]. Embodied or 
embedded energy analysis is the process of determining the 
energy required directly and indirectly to allow a system 
(usually an economic system) to produce a specified good 
which explicitly calculates indirect effects [2]. Energy is 
accumulated in the food items at all steps across the food value 
chain, which commences at the farm and ends at the plate, 
including production, handling and storage, process and 
packaging, distribution and marketing (retail), and 
consumption (Figure 1).   
 
Because of the intensive energy usage, food production has 
become increasingly vulnerable to changes in the availability 
and price of energy [3]. It is reported that the food sector 
currently accounts for 30% of global energy consumption, met 
largely with fossil fuels [4]. A study by the Institute of 
Mechanical Engineers [5] indicates that current agricultural 
practices use 4.9 Gha (global hectares or 4,931 million 
hectares) of the total 14.8 Gha (14,894 million hectares) of the 
land on the earth surface. Agricultural production in addition 
uses 2.5 trillion m3 of water per year. On-farm crop production 
uses about 2–5% of the energy in almost all countries, 
irrespective of their level of development [4]. Moreover, there 
is a serious shortage of energy requirement to make water 
available for crop production i.e. groundwater pumping [6].  

 
Globally, land, water, and vital ecosystems and resources are 
diminishing, while the human population is growing. The world 
population projected to reach 9.8 billion by 2050 if the present 
growth rate is maintained as it is [3]. Thus, ensuring food, 
water, and energy security for the growing population is a 
fundamental development challenge [7]. The postharvest loss 
represents a waste of resources i.e. water, energy and land 
inputs used in agricultural production. With estimated food 
losses of about 30-50% of total production, this affects to waste 
1.47-1.96 Gha of arable land, 0.75-1.25 trillion m3 of water and 
1.0%-1.5% of global energy [4]. Globally, it is reported that in 
fruit and vegetable value chain, the most energy-consuming 
processes are cooling and refrigeration to store and transport 
them. This includes the requirement of energy and water for 
washing once uprooted and harvested the vegetables [8]. 
Moreover, heating will also be required, in particularly for 
drying the horticultural products for industrial transformation 
[9 and 10]. 
 
Sri Lanka is self-sustained for its vegetables and fruits 
requirement. However, market prices of the vegetables and 
fruits are highly fluctuated during the seasonal and off-seasonal 
period. Moreover, the unit prices of the fruits and vegetables 
are also highly dependent on the losses of the goods, as well as 
the embedded energy in the food value chain. However, none 
of the study is available nor conducted yet to estimate the 
embedded energy in the vegetable value chain in Sri Lanka 
which has been identified as very important to understand the 
price fluctuations. The purpose of this study is to quantify the 
embedded energy of selected twelve types of vegetables from 
farm to plate. According to the extent of production of 
vegetables, vegetables with over 20,000 MT of production in 
Yala and Maha seasons (two main seasons that the farmers 
cultivate vegetables and fruits in Sri Lanka) were selected for 
the study excluding potatoes and onions as those are imported 
from other countries during the off-seasons and are; beans, 
tomato, carrot, leeks, cabbage, brinjal, okra, beetroot, 
capsicum, cucumber, pumpkin and radish.  This study is based 
on the Process Chain Analysis (PCA) which is one of the major 
approaches available for embedded energy analysis. 

 



 

 

 

Fig. 1. Energy requirement during the production of vegetables 

 
TABLE I.  AVERAGE LOSSES OF VEGETABLES IN THE VALUE CHAIN 

Losses (%) 

Crop Grow
er  

Collect
or  

Wholesa
ler 

Retail
er 

Total 

Brinjal 10.99 8.96 2.22 10.75 34.76 

Beet 7.21 9.12 2.13 8.56 27.02 

Cabbage 8.36 13.11 6.17 13.23 40.87 

Carrot 6.47 9.32 2.83 9.78 28.40 

Leeks 9.77 14.47 5.20 11.44 40.88 

Tomato 7.25 10.25 4.59 13.33 35.42 

Beans 6.07 7.93 1.54 9.50 25.04 

Bitter 
Gourd 

5.13 5.13 1.86 10.25 22.37 

Okra 4.50 4.55 2.38 4.64 16.02 

TABLE II.  AVERAGE LOSSES OF FRUITS IN THE VALUE CHAIN 

Losses (%) 

Crop Gro
wer  

Collect
or  

Wholesa
ler 

Retail
er 

Total 

Banana 5.27 7.58 3.25 14.13 30.23 

Pineapple 7.21 8.53 2.89 12.53 31.16 

Papaya 5.78 10.12 4.95 15.28 36.12 

 
In Sri Lanka, results of an Island-wide survey conducted by the 
Institute of Postharvest Technology revealed postharvest losses 
in vegetables to vary between 16 and 41%.  These losses were 
highest for cabbage and leeks and lowest for okra. In the case 
of fruits, postharvest losses varied between 30 and 40% [8]. 
Table 1 and Table 2 summarize the average postharvest losses 
of vegetables and fruits at various steps of marketing value 
chain in Sri Lanka. It was identified that the insufficient storage, 
not using the suitable packaging and use of undesirable 
transportation methods, lack of infrastructure connectivity and 
lack of knowledge of handling postharvest products are 
resulting these huge postharvest losses in Sri Lanka. 

 
To reduce the postharvest loses in vegetables and fruits Food 
and Agriculture Organization of the United Nations (FAO), 
together with the Ministry of Agriculture of Sri Lanka 
conducted six pilot demonstrations.  

II. METHODOLOGY 

This study was conducted to evaluate the embedded energy of 
twelve (12) selected vegetables in Sri Lanka. During this study, 
the energy usage in the mechanical processes: production 

process (land preparation, water pumping during cultivation 
and pesticide application) and transport process (from farm-
gate to Dambulla Economic Centre (DEC), DEC to wholesaler 
and wholesaler to retailer) have been considered. Embedded 
energy involves during the harvesting and handling, where the 
labour energy and labour cost is highly involved were not 
considered. Moreover, energy involved for transport the 
vegetables from farm to farm-gate, washing and cleaning of 
vegetables once harvested (or uprooted) were also not 
considered as the nature of these processes labour intensive. In 
addition, packaging of vegetables was not accounted as a 
standard packaging mechanism is not practiced in the country 
yet.  

 
Data collection for the study was done based on the Dambulla 
Economic Center (DEC) during the period from May 2015 to 
December 2016 by using questionnaires and conducting 
personnel interviews with growers (farmers), collectors, 
wholesalers and retailers (approximately 9-11 of each category 
representing each vegetable considered in this analysis). DEC 
is one of the seventeen Economic centers in Sri Lanka fulfilling 
approximately 65-75% of fruits and vegetable requirement of 
the country. The daily volume of sales of fruit and vegetables 
at DEC is 3,000-6,000 MT/day with the average volume of sale 
at DEC per week is 26,500 MT. During the study it was found 
that approximately 10.7 MT of fruit and vegetable are wasted 
per day in DEC. Approximately 800-1200 vehicles loading 
fruits and vegetables come to DEC daily from different areas of 
the country while, during the festival season around 1,000-
3,000 vehicles come to DEC. Fruits and vegetables are 
transported from all over the country to DEC.  Farmers in close 
proximity to DEC directly transport their product to the centre, 
whereas farmers from Nuwara Eliya, Jaffna and Anuradhapura 
and other area may supply their products through the collectors 
or collecting centers. Finally, fruits and vegetables reach 
consumers through wholesalers and retailers.  

 
The embedded energy of selected fruits and vegetables was 
calculated based on the data gathered through questionnaires 
and interviews from the farmers, collectors, wholesalers at 
Dambulla Dedicated Economic Center (DEC) and, retailers in 
Kurunegala district. Moreover, the energy consumed during the 
vegetable production (land preparation, water pumping, 
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pesticide application and harvesting), energy consumed during 
the transportation and distribution from farmer to the DEC, 
energy consumed during the wholesale and energy consumed 
during the retail selling were accounted to calculate the 
embedded energy in vegetable value chain. However, labour 
cost for handling was not considered. During the data collection 
it was found that the harvested vegetables are directly 
dispatched to the DEC and afterwards to the market and hence, 
energy does not require for storage. 

 
Vegetables famers do not apply weedicides for the vegetables 
and the weeds are removed manually by the farmers. Due to the 
continuous cultivation, weed problem is comparatively low. 
Moreover, primary washing of the harvested vegetables are 
done only for some root vegetables by the water in streams and 
occasionally well water, and hence, not taken for the 
calculation. Furthermore, some farmers do not practice washing 
vegetables because washing enhances postharvest losses 
through changing the colour of the leaves (i.e. Leeks). 

 
The fuel consumption data to perform the mechanical tasks i.e. 
land preparation, water pumping, pesticide application, 

harvesting were obtained to calculate the energy utilization per 
kilogram of vegetable during the processes. Energy 
consumption was obtained by multiplying the amount of fuel 
quantity by their calorific values. Figure 2 shows the energy 
requirement for different vegetables during the production 
process. Energy embedded in the vegetables during the 
transportation from farm to the DEC, and then to wholesaler 
and finally to the retailer was also calculated by interviewing 
the farmers, wholesalers and retailers. Eventually, the 
embedded energy in the vegetable value chain was calculated. 
During the calculations, the losses/waste of vegetables in each 
process (at each and every node) was considered and only good 
quality vegetable weight was carried forward to the next level 
calculations of the value chain. 

III. RESULTS 

As explained above, the amount of energy in the production 
stage of some vegetables were estimated considering the energy 
utilization for land preparation, water pumping and pesticide 
application as shown in Figure 2. Energy requirement for 
harvesting was not taken into account as it performs manually in 
most of the developing countries. 

 
Fig. 2. Energy requirement during the production of vegetables 

 

Energy used at the each node of the vegetable value chain was 
evaluated considering the losses/waste, i.e. weight of only the 
good quality vegetable was carried forward to the next level of 
calculations of the food value chain.  

As shown in Table 3, the highest amount of energy is embedded 
in carrot followed by tomato, beans and beetroot, and the least 
amount of energy is embedded in pumpkin at the production 
stage. Results of the survey reveals that the land preparation is 
mainly done using the machineries such as tractors, land masters 
and manually in Sri Lanka. The cost of ploughing is estimated 
based on the amount of liters of diesel used per acre. Water 

pumping is mainly done by electric and gasoline water pumps. 
The gasoline water pumps uses the fuel gasoline.  In the up 
country (elevation > 900 m), pesticide application is mainly 
done by using a power sprayer called "MeedumBatta/Mist 
blower" which uses the gasoline as the fuel and, in other areas it 
is mainly done by using knapsack sprayer which is operated 
manually. It was found that more than 70% - 90% of the energy 
is spent for water pumping during the cultivation or the 
production of the above vegetables. 

 



 

 

TABLE III.  TOTAL ENERGY USED IN THE DIFFERENT STAGES OF THE 

PRODUCTION OF SELECTED VEGETABLES (KJ/KG) 

Type of 
vegetable 

Energy 
used for 

land 
preparation 

(kJ/kg) 

Energy 
used for 

water 
pumping 
(kJ/kg) 

Energy 
used for 
pesticide 

application 
(kJ/kg) 

Total 
Embedded 
energy for 
Production 

(kJ/kg) 

Bean 34.49 414.71 42.00 491.20 

Tomato 57.69 460.41 7.60 525.69 

Carrot 53.50 492.86 21.91 568.27 

Leeks 32.54 320.70 37.78 391.01 

Brinjal 52.10 162.85 9.04 223.98 

Cabbage 31.21 256.37 9.98 297.56 

Beetroot 48.62 345.10 13.01 406.73 

Okra 55.37 180.24 15.14 250.75 

Capsicum 31.20 235.39 9.14 275.73 

Cucumber  53.46 201.67 14.37 269.50 

Pumpkin 40.35 169.44 3.80 213.59 

Radish 31.39 207.65 8.15 247.19 

 
The purpose of land preparation is to provide the necessary soil 
conditions which will enhance the successful establishment of 
the plants. The physical land preparation concerns mainly the 
preparation of a field mechanically for further detailed 
preparation prior to planting. Ploughing, one of the physical land 
preparation methods breaks up the blocky structure of the soil 
aiding the drainage and root growth. Survey data of this study 
reveals that farmers in low country (elevation < 300m) use 
tractors and land masters with chisels plows, disc plow and 
rotary tiller for ploughing. The highest amount of embedded 
energy for water pumping is required for carrots, tomatoes and 
beans. When considering the carrot, irrigation should be done on 
the daily basis until the germination occurs and then once every 
4 days, whereas, depending on rainfall it should be watered. 
Further, it is important to water the tomato plants regularly, 
during the flowering and fruit formation. The amount of water 
that is needed depends on the type of soil and on the weather. In 
the case of bean, it should be irrigated daily until the germination 
is completed and, then once in every 2-3 days until the crop is 
established.  

According to Table 3, the highest amount of embedded energy 
to apply the pesticides is needed for beans, leeks and carrots. The 
literature review conducted reveals that, up-country vegetables 
in Sri Lanka demands greater amount of embedded energy to 
apply the pesticides than that of the low country vegetables. 
Upcountry vegetable farming is one of the energy intensive 
process as it requires excessive embedded energy to provide the 
pesticides, especially due to the short duration of crops and 
highly favourable humid conditions which would rapidly spread 
the pests and diseases. Most commonly use pesticides by up 
country vegetable farmers in Sri Lanka are insecticides and 
fungicides. The machine, Mist blower "MeedumBatta" is mostly 
used in the up country for pesticide application."Meedumbatta" 
- mist blower is a motorized knapsack sprayer, in which gaseous 
energy nozzle is used for fine breakup of spray liquid. The force 
of escaping air at high velocity is utilized to shear down the 
spray liquid into fine spray droplets. There petrol engine is used 
as prime mover to run a fan blower and it consumes the fossil 
fuel gasoline. 

In the low country, pesticide application is mainly done by using 
knapsack sprayer which is mounded on the back of operator with 
help of a pair of mounting straps. The pump of the sprayer is 
actuated by working a hand lever up and down by one hand of 
the operator and the other hand holds the cut off device for 
spraying purpose. No fossil fuel is required for its operation. 
Results indicate that even low country vegetables have been 
embedded less amount of energy at the time of pesticide 
application though knapsack sprayer is used. It is due to the 
incorporation of kerosene to the pesticides mixture prior to the 
application. It is reported that in Sri Lanka nearly 53% of 
farmers mix two or more chemicals together to make a cocktail 
mixture as they believe such mixtures save their labour time and 
are more effective in controlling pests and diseases. Kerosene is 
one of the chemical that is used to make that cocktail mixture. 

Farmers and collectors bring different vegetables from different 
locations around the country to the Dambulla Dedicated 
Economic Center (DEC). In order to identify the embedded 
energy costs of the different vegetables, it is important to 
understand the average distance that those vegetables travels at 
different nodes in the vegetable value chain. Table 4 summarizes 
the average distance from farm to DEC of different vegetables 
and the amount of vegetables transported during a trip. 
According to the survey data, it was revealed that farmers 
transport vegetables by canters, dimo-battas and tuk-tuks and 
their average fuel economy was considered as 12-15 km/litre, 
18-20 km/litre and 16 km/litre respectively. As majority of the 
used Canter trucks to transport the vegetables, fuel consumption 
of the vehicles were considered as 12 km/litre (m). 

TABLE IV.  AVERAGE DISTANCE FROM FARM TO DEC AND TRANSPORTED 

QUANTITY PER TRIP 

Type of 
vegetable 

Average distance 
from farm to DEC 

(km) 

Maximum load of the 
vehicle (kg) 

Bean 147 1693 

Tomato 121 1931 

Carrot 129 1435 

Leeks 171 1807 

Brinjal 31 1634 

Cabbage 126 1727 

Beetroot 172 1720 

Okra 38 1280 

Capsicum 118 1817 

Cucumber  36 1769 

Pumpkin 46 1796 

Radish 168 1830 

 

In general, wholesalers transport approximately 7-9 different 
vegetables (amounting 80 kg - 170 kg from each type) in a same 
vehicle and hence, this was considered while evaluating the 
embedded energy of different vegetables from DEC to 
wholesalers. Similarly, retailers also transport approximately 8-
10 different vegetables (amounting 30 kg - 40 kg from each 
type) in a same vehicle and hence, this was considered while 
evaluating the embedded energy from wholesaler to retailer.  

 

 



 

 

TABLE V.  TOTAL EMBEDDED ENERGY FOR THE TRANSPORT OF THE 

VEGETABLES IN THE VEGETABLE VALUE CHAIN 

Type of 
vegetable 

Energy to 
transport 

from farm 
to DEC 
(kJ/kg) 

Energy to 
transport 

from DEC 
to 

wholesaler 
(kJ/kg) 

Energy to 
transport 

from 
wholesaler 
to retailer 

(kJ/kg) 

Total 
energy 

to 
transpor
t DEC 
(kJ/kg) 

Bean 267 32 37 336 

Tomato 193 28 37 258 

Carrot 276 32 35 343 

Leeks 291 42 40 372 

Brinjal 58 39 36 133 

Cabbage 224 50 36 311 

Beetroot 308 54 34 396 

Okra 91 52 38 182 

Capsicum 200 57 37 294 

Cucumber  63 52 29 144 

Pumpkin 79 43 28 150 

Radish 282 56 33 372 

The transport vehicles use either gasoline or diesel to transport 
the vegetables. Maximum distance from DEC to wholesalers 
were considered as 100 km whereas, wholesaler to retailer was 
considered as 40 km respectively (these values were obtained 

from 9-11 participants for each vegetable). Table 5 and Table 6 
present the embedded energy from farm to DEC, DEC to 
wholesaler, wholesaler to retailer and total embedded energy 
(ETotal) for transport. 

TABLE VI.  TOTAL EMBEDDED ENERGY FOR PRODUCTION AND TRANSPORT 

OF VEGETABLES 

Type of 
vegetable 

Energy for 
Production 

(kJ/kg) 

Energy for 
Transport 

(kJ/kg) 

Total 
energy 
(kJ/kg) 

Bean 491 336 827 

Tomato 526 258 783 

Carrot 568 343 911 

Leeks 391 372 763 

Brinjal 224 133 357 

Cabbage 298 311 608 

Beetroot 407 396 803 

Okra 251 182 433 

Capsicum 276 294 570 

Cucumber  269 144 413 

Pumpkin 214 150 364 

Radish 247 372 619 

 

 

 
Fig. 3. Energy requirement during the production of vegetables 

As shown in Figure 3, it was revealed that the embedded energy 
for upcountry vegetables (i.e. beetroot, radish, carrot, leeks, 
beans and cabbage) is significantly higher than the other 
vegetables as they are transported from Nuwaraeliya or Matale 
to DEC and then distributed to the wholesalers around the 
country.  

Labour intervention during the production of the vegetables in 
Sri Lanka is very high as the farmers do not prefer the machines 
for small land extents. Due to the limitation of the study, the 
labour cost was not encountered to estimate the embedded 

energy of the vegetables. However, it should be noted that in 
other countries, the energy for production is very high due to the 
usage of mechanical devices for larger land extents. 

Losses of the vegetables (or postharvest losses) in each and 
every node in the vegetable value chain was considered and 
taken into account while doing the calculation. As shown in the 
Table 7, it was found that the market price of the vegetable does 
not directly depend on the embedded energy cost of a particular 
vegetable as, the availability of vegetables in the market varies 
depending on the different harvesting seasons in the calendar 



 

 

year; the labour cost varies as some of the labour work is done 
by the individuals (grower/wholesaler/retailer) or with the 
support from few laborers hired for different wages; cost of 
electricity and fuel varies during a calendar year. Due to the lack 
of availability of labour cost and energy cost, as described 
above, it is difficult to relate the prices of the vegetables and the 
embedded energy at the moment. 

TABLE VII.  MARKET PRICE OF THE VEGETABLES 

Type of 
vegetable 

March 2017 (Rs:/kg) April 2017 (Rs:/kg) 

 Wholesale Retail Wholesale Retail 

Bean 134.31 191.19 104.17 189.04 

Tomato 87.19 136.94 103.65 193.79 

Carrot 51.63 113.76 110.73 182.84 

Leeks 26.98 95.68 37.60 115.11 

Brinjal 31.17 95.46 57.51 124.75 

Cabbage 22.20 88.13 64.73 146.64 

Beetroot 50.67 114.52 102.48 189.17 

Okra 90.90 157.09 65.21 138.21 

Capsicum 149.10 237.89 189.62 288.95 

Cucumber  26.15 100.67 18.23 95.72 

Pumpkin 59.79 117.95 56.04 124.31 

Radish 40.63 107.42 56.53 129.70 

 

IV. DISCUSSION AND CONCLUSION 

Findings of the study show that, average of 56% of the 
embedded energy of the selected vegetables used for production 
(varies from 40%-67%) and, average of 44% of the embedded 
energy is consumed during the distribution (varies from 35%-
60%). However, this study has not been considered the 
embedded energy during the food preparation at consumer’s 
level as the different consumer practices various cooking 
methods. The market price of the vegetables changes depending 
on the postharvest losses and abundance of the different 
vegetables and seasonal production and demand in the market 
as the harvesting season of vegetables are varied from each 
other. Moreover, unaccounted factors i.e. cost of fertilizers, cost 
of pesticides and cost of labour are also govern the market price 
of the vegetables in the market.  

 
Energy spend on fruits and vegetable value chain from farm to 
plate can be reduced by minimizing the postharvest losses at 
various nodes of the vegetable and fruit value chain. During the 
survey, it was further found that approximately 10 MT/day of 
fruit and vegetables are wasted at DEC. This bio-waste should 
be efficiently used for production of bio-fuel as soon as the 
possible to minimize the loss of energy in the value chain. 

 

ACKNOWLEDGMENT 

The authors wish to thank Sri Lanka Sustainable Energy 
Authority (SLSEA) and National Science Foundation (NSF) of 
Sri Lanka for funding this study. 

REFERENCES 

[1] M. Bazilian., H. Rogner., M. Howells., S. Hermann., D. 
Arent., D. Gielen., P. Steduto., A. Mueller., P. Komor., S.Y. 
Tol. and K. Umkella. Considering the energy, water and 
food nexus: Towards an integrated modelling approach. 
Energy Policy 39 (12), p.  7896–7906, 2011 

[2] M.M. Jiang., B. Chen B. and S.Y. Zhou. Embodied energy 
account of Chinese economy 2002. Procedia Environmental 
Sciences 5 (2011), p 184-198, 2011 

[3] World population projected to reach 9.8 billion in 2050, and 
11.2 billion in 2100, 2017. [Online]. Available: 
https://www.un.org/development/desa/en/news/population/
world-population-prospects-2017.html 

[4] Food and Agriculture Organization of United Nations, 
Economic and Social Department: Statistical Division, 2007. 
[Online]. Available: http://data.worldbank.org/data-catalog 

[5] IMechE, Global Food: Waste not, Want not (Institution of 
Mechanical Engineers, 2013 [Online]. Available: 
https://www.imeche.org/policy-and-
press/reports/detail/global-food-waste-not-want-not 

[6] S. Khan. and M.A. Hanjra. Footprints of water and energy 
inputs in food production – Global perspectives. Food 
Policy, Vol. 34, Issue 2, Pgs: 130-140, 2009 

[7] G. Rasul. Food, water, and energy security in South Asia: a 
nexus perspective from the Hindu Kush Himalayan region. 
Environmental Science Policy, Vol. 39, p. 35–48, 2016 

[8] Post harvest management of fruits and vegetables in Asia 
pacific region, 2006. [Online]. Available: https://www.apo-
tokyo.org/00e-books/AG-18_PostHarvest/AG-
18_PostHarvest.pdf 

[9] A. Latini., C. Campiotti., Pietrantonio., C. Viola., V. Peral., 
J. Fuentes-Pila., J. Sagarna., Identifying strategies for energy 
consumption reduction and energy efficiency improvement 
in fruit and vegetable producing cooperatives: a case study 
in the frame of TESLA project. Agriculture and Agricultural 
Science Procedia 8 (2016) p 657-663, 2016 

[10]R.D. Raut., B.B. Gardas., V.S. Narwane. and B.E. 
Narkhede. ‘Improvement in the food losses in fruits and 
vegetable supply chain – a perspective of cold third-party 
logistics approach’. Journal of Operations Research 
Perspectives, Vol.6, 2019 

 

 


