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Abstract 

The Indian transportation sector has highly depended on oil and produced more environmental pollution. Indian government wants 

to achieve climate goals through a sustainability approach that simultaneously addresses other environmental and developmental 

challenges in urban areas. Smart cities are playing a significant role in GHG emissions reduction in our nation. Economic 

transportation demand has grown worldwide in urban areas and supply chains. Fresh food has a short shelf life and it is spoilage 

with increasing temperature during transportation. Urban distribution of goods in the metropolitan market has a necessary factor 

for the better development of city life. Solar hybrid E-cargo rickshaw has fit for the home delivery of logistics in urban areas. 

SHECRs are completing the economic and green transpiration needs of supply chains in developing countries. The reduction of 

food losses and low carbon emissions will only possible by using SHECRs in freight mobility. Thus SHECRs is used as a feasible 

alternative to traditional vehicles in term of transportation cost reduction for perishable products. The purpose of this research paper 

is to provide a better understanding of the logistics behind SHECRs transportation and also focuses on its energy savings.   

 

©2018 The Authors. Published by Elsevier B.V. 

Peer-review under responsibility of WORLD CONFERENCE ON TRANSPORT RESEARCH SOCIETY. 

 

Keywords: Road transport demand; city logistics; alternative modes of transportation; solar hybrid electric vehicle; supply chain 

1. Introduction 

The road transport sector contributes 4.8% of overall GDP in India. Currently, India has the fourth rank in GHG 

emitter globally.13% of CO2 which is only produced by the transport sector in our country (IEA and OECD, 2015). 

One of the world’s rapidly growing economies in India.  The globally third-largest vehicle market is in India. Due to 

increased population, annual vehicle demand has increased with a fast rate. Around 210 million vehicles in 2015  
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Nomenclature 

EVs         Electric vehicles 

GHG          Greenhouse gases 

SHECRs        Solar hybrid E-cargo rickshaw 

VCR              Vapour compression refrigeration system 

GDP               Gross domestic products 

TRUs             Trucks 

PM2.5Ambient particulate matter pollution 

GWP              Global warming potentials 

FAI                 Food agency in India 

were registered in India (GOI, 2016b). India imports about 85% of oil currently and is estimated to increase by 92 

% in 2020.This may pose a challenge for the balance of payment and energy security of the entire nation (IEA, 2015c). 

After buildings and industry, third-largest energy is consumed by the transport sector in India (IEA, 2015a). This 

sector will consume 22% of India's energy in 2040, as compared to 14% in 2013 according to the International Energy 

Agency (OECD/IEA, 2015). About 70% of diesel and 99.6% of petrol are consumed by this sector in the country 

(PPAC, 2013). 20 cities from India out of 40 most polluted cities are present globally according to the World Health 

Organization (WHO, 2016). Ambient particulate matter pollution (PM2.5) caused about 590,000 premature deaths in 

India in 2013 according to the Global Burden of Disease (GBD, 2016). A major source of PM2.5 emissions in an urban 

area is caused by a rapidly growing transportation demand. Today mostly products we are purchasing online. These 

items are delivered to the customer at a few meter distance near his home. The home delivery demands are growing 

in urban areas of a developing country. Food and household goods home delivery requires fast and flexible transport. 

It is only possible by using SHECRs for delivery. Agriculture sector contributes about 20% of GDP in the Indian 

economy and provides a livelihood for two-thirds of the population (ICAR, 2015). The integrated food chains are 

continuing grows in developing countries. Due to this reign worldwide demand for temperature controlled food 

distribution is increasing. It is expected that the global refrigerated vehicles market could increase from an estimated 

number of USD 11 million in 2016 to USD 16.5 million by 2022 (Automotive, 2016). Mostly refrigerated vehicles 

employ VCR system used in current time and driven by a diesel engine. These systems are used hydro fluorocarbon 

refrigerants (R-404A and R134a) as working fluid. Global warming potentials (GWP) for R-404A and R134a are 

3922 & 1430 respectively [4]. The leakage from the VCR system estimated between 5% to 25% annual (charge per 

year) in diesel operated TRUs (Cowan, 2016). Global warming and environmental degradation will slow down only 

by using low-carbon scenario in the transportation sector (Boroojeni et al., 2016; Amini et al., 2017). The low-carbon 

scenario in the transportation sector is obtained only by using solar electric vehicles in urban areas. The overall 

problem of the cold chain can be controlled by using SHECRs. 

This research paper study outcomes can help understand key trends in perishable food items transport developments 

and provide important insights for Indian policymakers as they try to decrease carbon footprint fuel dependency 

improve energy efficiency in the urban area transportation sector. They more focus on SHECRs for city home delivery 

and reduce emissions from vehicles. 

2. Cold chain perishable products transportation requirement through SHECRs 

The cold chain is responsible for about 2.5% of direct and indirect GHG emissions. It is estimated that up to 31% 

of the world’s food supplied through TRUs in worldwide and its growing with10% annual rate. Today more than 40% 

of food product requires refrigeration in cold chain deliveries.15% of total global energy is used in cold chains and its 

cooling system. The world population has increased with a faster rate in the last 50 years. It is estimated that the global 

population is going to reach over 9 billion people in the next three decades (Fredriksson & Liljestrand, 2015). The 

world near the 2050s will be faced with a new food problem challenge. Food wastage has increased globally in the 

past few years, because of complexity persists in-coordination among the members of the food supply chain. In order 

to increase efficiency and reduce the adverse impacts of urban goods distribution, a number of  
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Fig. 1. Cold chain transportation. 

cities have launched major initiatives to enhance cold chain transportation systems, finance organizational and 

technological research innovation and introduce new traffic regulations (Saskia et al., 2016). Perishable products 

transportation in the cold chain has become a necessary part of the food chain. It is used in all stages food chain as 

shown in figure 1. 

3. Effect of temperature on perishable food products self-life during transportation 

During cold chain transportation, perishable fresh food deterioration raises due to ambient temperature rise.  The 

shelf life of fresh food decreases with increasing external environment temperature, as shown in figure 2. All 

perishable fresh food products are maintained storage temperature between 0oC to 10oC because most bacterial 

pathogens grow within temperature range 20oC to 45oC. For proper preservation maintains temperatures below 0oC is 

necessary during storage, because at 0oC slow progressive change in organoleptic quality. It does not objectionable 

for some time. Different type of vegetables and fruits (tomatoes, cucumbers, eggplants, potatoes, and lettuce) received 

freezing injury when these are cool at a temperature below 0oC. Bacterial grow rate perishable fresh products at 

different temperatures is shown in figure 2. The cold chain performance is clear affected by the ambient temperature 

of the environment. The direct relation between climate and perishable products distribution cannot be ignored (James 

and James, 2010). High-temperature differences between storage and ambient temperature will raise the risk of 

product quality (Valli et al., 2013 and Ayyad et al., 2017). Presently, more than one-third of the food produced 

 

 

 

 

 

 

 

 

Fig. 2. Self-life and bacterial growth in perishable fresh products after increasing environment temperature. 

Table 1. Light commercial vehicle use in market with source of energy. 
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Author name Energy source Barriers Economics & environmental  benefits 

Tozzi.et al.  D & M NA NA 

Lebeau.et al.  E Acquisition costs, Capacity 

(weight and dim.) 

Reduction of CO2 emissions and atmospheric 

pollutants 

Roumboutsos.et al. E Operational cost, Recharge 

infrastructure 

Reduction of CO2 emissions, atmospheric pollutants, 

and noise 

Montwill. E NA NA 

Thompson& Hassall  E NA NA 

Alessandrini.et al.  E Recharge infrastructure Reduction of CO2 emissions and atmospheric 

pollutants 

Faccio & Gamberi  E NA Operational cost, Reduction of CO2 emissions and 

atmospheric pollutants 

Lebeau.et al.  E Fleet acquisition costs Reduction of CO2 emissions and atmospheric 

pollutants 

Andaloro.et al.  E Acquisition costs, Capacity 

(weight and dim.) 

Reduction of CO2 emissions and atmospheric 

pollutants 

Schau.et al. E Infrastructure, vehicles 

charging time 

Reduction of CO2 emissions and atmospheric 

pollutants 

Margaritis.et al. E Cargo consolidation NA 

Rizet.et al.  E Recharge infrastructure Traffic congestion, Reduction of CO2 emissions and 

atmospheric pollutants 

Taniguchi.et al.  D Cargo consolidation centre centre - Reduction of CO2 emissions, atmospheric 

pollutants and noise 

*E- Electric, D- Diesel, M- Methane 

universally is lost to waste/spoilage. Therefore, in food preservation cold chain transportation plays an important 

role in addressing world hunger. Light commercial vehicle use in the market with a source of energy as shown in table 

1. 

4. SHECRs operating principle 

The operating principle of SHECRs is explained in figure 3. Four PV modules were installs on the top roof of the 

vehicle. These panels convert solar energy directly into DC electric power. SHECRs use four lead-acid automotive 

batteries which are connected in series and produced 48 volts. The maximum power point tracking (MPPT) controller 

was used to get the maximum power output from solar panels for charging batteries. The brushless direct current 

(BLDC) electric motor (1000W) was set up to convert battery bank power into mechanical impel energy for SHECRs. 

This type of motor consumed less power and is operating with minimum noise. Brushless direct current (BLDC) 

electric motor is safe to use in any session. The motor controller of the motor senses the position of the form stator 

and supplies the energy to the rotor by using Hall Effect sensor. 

 

 

 

 

 

 

 

 

 

Fig. 3. Block diagram of SHECRs. 
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Fig. 4. SHECRs photographic and 

software view (solid works). 

Power transmutation was possible BLDC motor to wheels by using differential gears. These type vehicles have the 

ability to power supply V2H or V2G. The software (solid works) view of fabricated SHECRs with PV panels is shown 

in figure 4. 

5. Temperature effect on storage life of perishable products in cold chain 

Perishable fresh food items must be stored at low temperature for maintaining quality prolong the shelf life in 

transported food chain items. Transporting fresh food items have been widely accepted as a serious aspect for the cold 

food chain. Refrigerated products temperature during transportation must be kept within close limits to ensure 

optimum food safety levels. Satisfaction level of the customer depends on the freshness of the delivered food items. 

The freshness of each delivered products depends on its traveling time and ambient temperature. The freshness of 

delivered products is higher when it’s delivered by refrigerated vehicle. Table 3 shows temperature effects on the 

storage life of perishable products. 

6. Challenges for SHECRs implementation 

 The SHECRs technology since its inception sets the main problem of enlarged cost as a result of which it finds 

lower acceptance in the majority of middle-class income group of the Indian population. But today the government 

gives subsidies on all type of electric vehicles. 

 Battery bank charging times for all SHECRs are few hours, thus this leads to a lower acceptance as compared to 

the conventionally fueled vehicles. 

 Electricity demands in all power consuming sector is already quite high; the use of SHECRs will give extra load 

on the Indian power grid. 

 Considering the Indian population the amount of a load of the power system will be extremely high during the peak 

load periods. 

 For SHECRs requires efficient solar panels at a lower cost, it is only possible by government subsidies. 

 Short battery life is also one kind of problem in SHECRs because battery bank gives efficient voltages for a few 

years. 

 SHECRs is suitable for the medium load (100-300 kg) and medium distance (20-85 km). 

 SHECRs only uses in-plane area delivery process. 

Table 2. Emission produced via different type vehicles used in cold chain [Lujano et al. & Sasaki et al.]. 

Parameters name Gasoline vehicle Electric vehicle SHECRs 

Emission type CO, NOx, HC & CO2 No emission No emission 
Max. speed range 50 to 60 km/h 25–30 km/h 24–29 km/h 

Mileage 18 to 20 km/L (City) 

25 km/L (Highway) 

Battery capacity: 70–85 km 96 km per complete charging 
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Table 3.Temperature effects on storage life of perishable products [Bharj et al., 2015]. 

Product Optimum Temperature [oC] RH [%] Storage Life 

Fresh products  

Apple -1 to 4.5 90-95 1–12 m 

Asparagus 2 95-100 2–3 w 

Avocado 3-13 85-90 2–8 w 

Banana 13-15 90-95 1–4 w 

Blueberries 0.5-1 90-95 2–3 w 

Broccoli 0 90-100 2 w 

Cabbage 0 95 2–3 m 

Cucumber 7-10 95 2 w 

Eggplant 8-12 90-95 1 w 

Ginger 13 65 25 w 

Guava 5-10 90 2–3 w 

Green beans and field peas 3-7 95 5–10 d 

Leafy vegetables 0 95 1–2 w 

Lime 9-10 85-90 6–8 w 

Mango 13 90-95 2–3 w 

Onion 0 70 2–3 m 

Papaya 7-13 85-90 1–3 w 

Peach 0 95-98 2–4 w 

Peppers 7-10 90-95 2–3 w 

Potato 3-4.5 90-95 5–8 m 

Strawberry 0 90-95 5–7 d 

Sweet corn 0 90-95 5–7 d 

Sweet potato 13 90 6–12 m 

Tomato, pink 9-10 85-95 7–14 d 

Turnip 0 95 4–5 m 

Watermelon 10-15.5 90 2–3 w 

Fish 0-3 90 1–3 d 

Milk 4 - 3–5 d 

Cooked food  

Vegetables 0-4 - 2–4 d 

Fish 0-4 - 2–3 d 

Meat 0-4 - 3–5 d 

Soup 0-4 - 2–3 d 

*d-Days, w- Weeks, m- Months  

7. Conclusions 

Globalization increases the import and export all over the world at longer distances.  Low cost and energy efficient 

temperature control transportation require for perishable products transportation. Temperature control TRUs are 

transporting goods from production level to retailer (customer final sale). These TRUs are playing an important role 

in urban transportation especially in cold chain supply.  But current IC engine based refrigerated TRUs is producing 

a huge amount of pollution and using carbon footprint fossil fuels. Thus, an alternative method of cold chain 
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transportation is required. The major conclusions coms from this study are listed below: 

 Metro-city food retail sector is growing faster rate in our country, worth around 15 billion USD 40%. 

 VCR system with IC engine based refrigerated TRUs consumed higher energy as compare to SHECRs. 

 SHECRs use in cold chain supply is more useful as environmental and economic point of view.  

 Solar PV panels can successfully be used for SHECRs to reduce dependence on fossil fuel and grid electricity. 

 It reduced transportation cost of products means reduced selling cost of the product and provides direct benefit to 

the customer. 

 It can be supplied with electricity V2H (vehicle to home) in remote areas. 

 SHECRs offer fewer burdens on the power grid at peak hours.  

 SHECRs fit for transportation of perishable products in urban areas up to 10-85 km with products load 150-360 

kg. 

India has the adequate potential of solar energy but a combination of the right technology and correct human 

behaviour is desired because every technology has its own limitation. 
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