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Abstract

One-third of India’s horticultural produce, in terms of fruits and vegetables, gets wasted every year. This is mainly because of the poor facilities of cold storage. There are also wide fluctuations in the pricing of agricultural products, mainly onions and potatoes. The entire existing policy framework and warehousing facilities need revamping and redesigning. There are wide fluctuations in the pricing of agricultural products, mainly onions and potatoes. The entire existing policy framework and warehousing facilities need revamping and redesigning. The present study aimed to present a multilevel, multipurpose framework for supply chain optimisation and waste minimisation. To conduct the study, primary data using structured questionnaires and interviews were collected. As for the secondary data, different State and Central Government Ministry publications were collected. The findings revealed that the warehouses need to be conducive to the present transportation modes. Supply chain does not just start or terminate with the warehouse; it also has to ensure smooth transportation. The primary aim behind the construction or renovation of the gowdowns scheme includes creating scientific capacity for storing and related facilities within the rural sections. This was to help farmers meet their requirements to store what they produced on the farm, the agricultural raw materials and promote the grading standards, also controlling the quality of agricultural outputs so that marketability is improved and preventing distress sales just after the harvest is done. The study entirely depends on which products and markets are being served. Of course, the proportion and cost potential evident in warehousing in India make it essential to study it as a separate unit from other elements in the supply chain industry.

Keywords: Essential commodities, retail pricing, warehouse, agricultural outputs


1.1 Introduction
Warehouses are scientifically designed storage structures that protect the quantity and quality of stored products with necessary preservation methods. Warehouses meet the financial requirements of farmers for storing products, as banks provide credit to the extent of 75 to 80% of the value of the stored products based on the security of the warehouse receipt (Sharon & Kumar, 2023). An automated warehousing system needs less work and is more efficient, and generates more consistent results than a human-handling system (Tulaskar et al., 2022). The present condition of the Indian economy is one major cause of concern not just for the common people of this country, but, for the policymakers as well. A major contributing factor is the essential commodities’ retail pricing. Almost a third of India’s horticultural produce, in terms of fruits and vegetables, gets wasted every year (Gross, 1978). This is mainly because of the poor facilities of cold storage. Moreover, the post-harvest management is also equally poor and efficient supply chain management is lacking, resulting in this enormous wastage. The total wastage calculated in India annually comes to around 44,000 crores. Around 13,300 crores of fruits and vegetables, about 18% of the total wastage annually, have been calculated (Rangasamy, 2013).
There are also wide fluctuations in the pricing of agricultural products, mainly onions and potatoes. The entire existing policy framework and warehousing facilities need revamping and redesigning (Sengupta & Glavin, n.d.). India seriously needs to channelize different supply-chain logistics and effective facilities in warehousing to stop a huge amount of wastage. The aim is to make a new model of integrated multipurpose warehousing that caters for multiple levels and will address the main needs of warehousing in India for better supply chain and economic growth (Sharma, 2015).
India is expected to be very different from its present status by 2025. There will be a new experience in economic growth, as the nominal GDP is expected to go to $7 trillion from the present value of $2 trillion. This will place India in the third position in the entire world economy. Most of the growth will happen within the middle-income families and the population that is working. The growth will probably make a stronger industry out of manufacturing, which is likely to account for one-fourth of the entire economic output. This will integrate the Indian economy significantly with the world economy, where India will potentially contribute around 6 per cent of the entire world trade (Sharma, 2015). The present study aimed to present a multilevel, multipurpose framework for supply chain optimisation and waste minimisation.
2.0 Literature Review
2.1 New model design of integrated multipurpose warehousing based on population index
The new design modelled for warehousing solutions will be those capable of taking care of long-term necessities and cost-effective within their stock keeping units (SKU) complexities and current volumes. Most companies opine that the SKU and volume proliferation is going towards extremely high rates every year (Mitrannavar & Yeledalli, 2014). Companies are looking for stable solutions in warehousing that are capable of handling the increasing needs over at least five years of time. The implementation of technologies in warehousing processes is extremely important, since scientific and technical progress in warehousing logistics and innovation achievements are important in increasing the productivity of warehouse operations (Perkumienė & Vienažindienė, 2024). Most SMCs find it extremely tough to migrate their operations within facilities in smaller intervals (Mrema, 2011). Thus, supply chain integration benefits get lost looking for the right kind of space, and the operations need to be spread on various facilities in the same area.
The idea is to mechanise most distribution centres and operations through sophisticated systems of warehouse management within the next few years. The plan is to build warehouses with high density and throughput in the supply chains so that multifaceted roles of these rising logistics centres can be performed (Mrema, 2011). For this, the crucial forward step will be mechanisation, which all supply chain directors opine unanimously. Moreover, with the increasing complexity and volume of items the future will experience, managing a business will be almost impossible without mechanising operations (Cheke & Ward, 1998). Hence, sufficient flooring strength, dock lever provisions, proper power supply along with charger points, and column pitches will be necessary to build the warehouses.
Today’s customers accept no mistakes, making the companies afford none. The warehouses today should be able to perfectly ship orders. Huge numbers of retail stores in modern styles having reduced layers of supply chain make the responsibility of dealing with the complicated network upstream and downstream with warehouses, thus misplaced or damaged deliveries have no options at all (Sushil, Bhal & Singh, n.d.). Hence, the process of warehousing has moved from simple modes of picking up to a much complex process involving multi-step sequential checks and then balances, giving it an entirely new approach. The design needs to work to match requirements like proper lighting, quality assessment zones, or a staging area, along with providing safety measures like fire protection and controlling pilferage. Plus, it needs to train its staff on different protection norms, workplace safety practices and hazards (Cheke & Ward, 1998).
The customer demands absolutely fresh stuff, no matter where he has bought it from (supermarket or online portal). Companies have to make agile supply chains, and warehouses have to be more responsive. Infrastructure needs to be alert towards highly swift action with the workforce motivated along. Hence, warehouses have to turn into excellent logistics centres and need to train, retain and attract staff to make sure they are responsive and provide high-quality operations to make them into a skilled workforce (Tefera et al., 2011).
Moreover, these warehouses need to be conducive to the present transportation modes. Supply chain does not just start or terminate with the warehouse, it also has to ensure smooth transportation (Mitrannavar & Yeledalli, 2014). Hence, modern warehouses need to be designed according to the continuously growing multi-modal transport utilisation, of the longer trailers and trucks, of containerised loads, and also the equipment that handles materials, like forklifts. What space is kept outside the warehouses is just as vital as with inner design. There have to be proper parking spaces provided for trucks, with proper, wide roads so that large trucks can turn around. Also, proper facilities for all drivers and other assistants are also very important (Tefera et al., 2011).
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Figure 1: Main factors asking for better impact with warehousing (Source: Mitrannavar & Yeledalli, 2014)
2.2 Addressing key warehousing needs of India for better economic growth and supply chain based on population index
One of the key components of the supply chain is warehousing, which has unfortunately not received its due acknowledgement. The unorganised segment of warehousing has found benefits from the situation. The organised sector in warehousing needs to adopt newer ways which can be achieved through cost savings and modernisation (Shashi & Singh, 2015).
Businesses feel that cost savings in logistics of even 0.05% will open a huge value for the entire economy, which can be executed with trustworthy partnerships of the private and public players. Businesses further feel that the fragmented warehousing and logistics industry has greatly hampered the shipping and transport networks (Cooper & Tracey, 2005). Also, 30% of the entire logistics cost accounts for the transport cost, which is very high and has eroded the warehousing competitiveness. There is a need to rationalise this and also to match the world standards of seaports and airports in the country.
Another concern has been land acquisition as the state government does not allow private companies to buy land at concession, which affects the private warehouses’ viability (Negi, 2014). Most business leaders in the coastal area feel that the services and goods tax shift currently should have a positive impact on the logistics area. By implementing the Warehousing Development and Regulation Act 2007, the industry will function with better efficiency (Rangasamy, 2013).
It is the road infrastructure quality that will greatly impact the health of the logistics industry. A great amount of aid will come to the industry with North-South and East-West connections and the Golden Quadrilateral, along with the rail freight connection. Gradually, growth is expected through using new technologies, IT adoption, space optimisation, skills training, effective tax policies, value-added services, and so on (Rawat, 2014).







The value-added services that warehouses will provide are not limited to stocking goods, but they will be equipped to break shipments, receive goods, and also prepare for the shipments (Vergin & Barr, 1999). The present-day warehouses will also excel in fields like order picking and distribution, and should be shrink-wrapping, and labelling, etc. The only issue with the warehousing industry is its lack of enough funding options. If government thinks about tax holidays, they may attract players in private equity towards this sector, feel some industrialists and leaders (Krishnadevarajan et al., 2015).
The industry has to focus on adopting new technologies and tools, efficient management and tracking of inventory systems, pick-to-light process, RFID tag system, simulation tools for warehousing flow, voice picking system, and so on. Even though every warehouse might not have the capacity to create these facilities, they can still be adopted after prioritising the needs (Mukhopadhyay, n.d.).
2.3 Introducing modernisation techniques in the warehousing sector for better post-harvest management
So that there are high procurement levels of rice and wheat because of the high rise in Minimum Support Price (MSP) within the last five years, there was forming of additional foodgrain storage scheme. This was done to store more foodgrains using the participation of the private sector. There was a state-wise calculation of present capacities (Dhull & Narwal, 2016), as well as the extra requirements on the basis of some criteria by State committees and also high-end committees of FCI. Within this scheme, the FCI will now give an assured hiring business guarantee for a decade. Around 15.29 million MTs can be proposed to be created in 19 states within the scheme by the participation of private businesses (Hult et al., 2007). SWC and CWC plan on constructing 15.49 lakh and 5.31 lakh tonnes of storage abilities respectively within this scheme, out of which 3.5 lakh tonnes of storage capacity is already going on by CWC/SWCs.
So that the scheme is more attractively designed for private entrepreneurs, the government increased the guarantee period to seven years and gradually to ten years. The upper limit for godown hiring is changed from Rs. 3.80 million tonnes a month to about Rs. 4.78 million tonnes a month. For appropriate cases, there is empowerment authorised to decide about higher rates, which the High-Level Committee can do by recording reasons (McLaughlin, 2009).
The Planning Commission has argued about the storage facilities for foodgrains storage through the Public Private Partnership (PPP). One proposal is trying to set up 2.0 million MTs using the PPP mode. These efforts will help create modern warehousing capabilities within India. To be able to spend on construction silos, the private investors will be eligibility for 20% grants of capital cost through Viability Gap Funding (VGF) based on competitive building. Additional VGF will be provided by FCI that covers up to 20 per cent of total capital expenses. To store wheat there, the developer can obtain a recurring servicing charge once he meets the required standards in maintenance and performance (Planning Commission, New Delhi, 2011).
The primary aim behind the construction or renovation of the gowdowns scheme includes creating scientific capacity for storing and related facilities within the rural sections. This was to help farmers meet their requirements to store what they produced on the farm, the agricultural raw materials and promoting the grading standards, also controlling the quality of agricultural outputs so that marketability is improved and preventing distress sales just after the harvest is done. Single farmer, groups of these farmers, Self-Help groups, APMCs,

Partnership Proprietary Firms, Co-operatives, etc., are eligible in this scheme (Tripathi & Dubey, 2004).
Around 70% of entire foodgrains that get produced in India the farmers retain for personal usage or to meet other economic needs. Within farm level, foodgrains get stored in both traditional and modern structures of storage. Huge number of the traditional structures can be found in India. The structures get made out of cheaper materials locally found like mud, wood, wheat straws, bamboo, and stones (Chaturvedi & Raj, 2015).
Foodgrains get stored in huge quantities in these storages. However, these are neither moisture nor rodent proof. The structures are not able to protect foodgrains from being infested by rodents, fungi, pests, and insects. The estimates say about 10% of the total foodgrains production gets damaged in storage because of different fungi, rodents, insects, and moisture (Saima et al., 2014).
2.3.1 Drum bin made of coal tar
The recommendation and development of this structure was given by the Central Institute of Agricultural Engineering (CIAE) at Bhopal for farmers to store grains. They are actually the bitumen and coal drums that get discarded after being used for road construction. The excess coal tar gets removed by heating the drums. One bitumen layer remains inside that gets used as an insulator and works in protecting the galvanised sheet of iron. Local artisans fabricate a lid with a capacity of 1.5 quintals and are popular with farmers in Chhattisgarh and Madhya Pradesh (Kitinoja & Al Hassan, 2012).
2.3.2 Pusa Bin
Indian Agricultural Research Institute (IARI) has designed Pusa Bin for foodgrains storage for farmers in New Delhi. It is a polythene sheet of low-density, a sandwiched bin of around 10 MTs of grain can be stored safely.
The fabrication of this bin is done on a ripe brick surface that prevents damage from rats. One platform is made with a burnt brick polythene sheet with low-density film with 700 gauge covering the platform, which is 6 cm on all sides. The next layer spread is of unburnt bricks. Depending on what capacity of the bin is required, the inside wall is built. A wooden frame with one pole at some 45 cms distance from the structure’s end is prepared to be placed on top of its inner wall so that it supports the roof (Ahmadi et al., 2010).
2.3.3 Metal bins
These bins are made out of iron sheet that is galvanised or 18-gauge aluminium sheet that has covered outlets and inlets, with a capacity ranging between 2 and 10 quintals. Along with structures for rural storage, brick bins that are outdoor reinforced (within 3.5 and 10.5 mts capacity), RCC bins (1.0 mts and 2,5 mts), and indoor pucca kothis with 2.0 mts capacity have been developed in Hafur, UP for farmers to store foodgrains (Singh & Grover, 2014).
The Ministry of Agriculture has one of the schemes on the management and technology of post-harvest. Within this scheme, all the technologies developed by CSIR, ICAR, and also the ones identified in the country and overseas to perform value addition, transport or storage of oil seeds and foodgrains, etc., using low-cost scientific technology, will get a boost in priority (Kitinoja & Kader, 1994). The basic focus of the scheme is on the lower end of processing and management post-harvest, especially those areas that have not been covered by National Horticulture Board (NHB). Supplying low-cost technology equipment for post-harvest work

using Government help, demonstrating these technologies with training the farmers from the main components within this scheme (O’Hare et al., 2001).
2.4 Introducing the latest IT practices for the better supply chain to enable farmers with better technology
As Sahay et al. (2006) mentioned, the less expensive and super-fast communication mode, the internet, can help the remote villages better than other traditional facilities, like telephones and postal mail. Isolated areas can greatly benefit economically and socially through the telecentres. They can help indigenous organisations and people communicate better and let mainstream be aware of their concerns. In the countries of South East Asia, telecommunications and IT have taken up a constantly developing role of creating wealth at all levels (Sahay, Gupta & Mohan, 2006).
With the bad facilities in the supply chain and middlemen, agricultural prices have shot up 60% and not added any value. 134.5 MT of vegetables and fruits are produced by India, but are wasted because of poor preservation and storage capabilities, along with a bad supply chain structural setup. This leads to a huge loss due to wastage. All the industries related to agriculture take in 67% of the total Indian population (I C, 2014). Many corporations are thinking of starting R&D, investing in fertilisers, seeds, soil testing, pesticides, etc., to help farmers better their irrigation using modern technologies. They are also planning to set up warehouses and cold storage, and transportation facilities for export (Bechini et al., 2008).
2.4.1 SWOT analysis for the infrastructure of the Indian agricultural industry
Strengths
· Raw materials are available throughout the year
· The central government supports agro-processing as an important activity. Manufacturing facilities work in vast networks across the country
· Huge domestic market
Weaknesses
· Working capital is needed in a huge quantity
· High-quality equipment and devices are less available Information management is in an inefficient automation facility.
· Talent receives less attractive salary and benefits
· Not sufficient development of links beat the industry and R&D facilities
Opportunities
· A huge amount of raw materials and crop producing capability of the country that provides great potential for activities related to agriculture.
· Developments occurring in recent technologies like material science, bio-tech, computers, electronics, etc., have huge scope for fast progress and improvement

· With the global markets opening, we may export our latest technologies and help in generating more employment and earning opportunities
Threats
· Huge competition that global companies will bring
· Other prevailing work conditions being better may lead to the loss of skilled workers, and hence, a big shortage.
· The fast-paced requirement of contemporary accessories in society
Brintrup et al. (2010) stated that information technology has to be used in maintaining an enriched and updated data of all the regional agricultural resources and further distributing the information about soil enriching, which seeds to select, measures to be taken for and during monsoon to all engaged in farming activities. Moreover, information about agricultural resources, their status of demand and supply w.r.t. different items and present rates has to be provided on the web so that farmers make decisions at the right time. Farmers need to strategise on the diversification of crop products and positioning them at the right market to receive proper revenue (Hajjdiab & Al Shaima Taleb, 2011).
With a dynamic supply that is essentially driven by demand, one that focuses on reducing the end-to-end network time of supply, using a responsive SCM network is the present-day need. All professional institutions and academic research should start guiding with the latest information by leveraging the power of IT and provide farmers with the information. We direly need to use the huge potential agriculture has on the Indian economy (Deshingkar et al., 2003).
2.5 Redesigning and revamping existing warehousing facilities and related policy
The warehousing growth within India is mainly driven using the rapidly increasing activities in manufacturing. This increases the international business, and the organised retail sector also emerges in India. High amounts of investments in private and foreign infrastructure, along with lucid regulations in the government, are further strengthening the warehouse industry’s growth in India (Sazzad, 2014).
According to (Rais & Sheoran, 2015), different reformatory policies, which included establishing logistics parks within the PPP model, implementing the Warehousing and Development Act 2007 along with Goods and Services Tax (GST), have resulted in warehouse sector expansion.
The economy of India has continuously shown a 10% CAGR since 2005. The GDP of India was recorded to be Rs. 63 trillion in 2011, around 8.5%. The global recession did see some downturns, yet industrial production and huge domestic consumption brought a quick revival to it (De Schutter & Vanloqueren, 2011). Although agricultural activity has shown a dwindling contribution to GDP for some years now, huge government incentives and the private sector’s entry into this sector have made it regain its position of importance. Warehousing has a major role to play in the agricultural sector, mainly because it provides all the storage space for agricultural produce until they get delivered to customers. This has resulted in cold chain functions and agricultural warehouses gaining importance (Gold & Seuring, 2011).
2.6 Channelising different supply-chain logistics with effective warehousing facilities to curtail huge wastage

According to Bharthi, (2014), changing the dynamics of business along with global 3PL’s entry has resulted in supply chain’s re-modelling. The warehouse and logistics in India have also been re-modelled as a result. From just being storage and transportation services, logistics is steadily taking a new form as value added strategic function that makes efficiency across the supply chain. Warehouses are getting more and more used in many important functions instead of being used only for product storage (Sinha & Thomas, 2012).
Various measures are therefore being taken to overcome the challenges in maintaining competitiveness. Different measures like developing skills, government measures and policy initiatives, higher investments and IT adoption in this industry can effectively increase the competitive spirit of different warehousing people (Joshi et al., 2007).
The supply chain and warehousing industry in India still remains in its nascent stage of growth. It has a long way to go compared to the advanced countries. To manage the transport and storage facilities of finished products, supply chain management was used in India until a few years before (Raghunath et al., 2005). However, with the global and Indian economy integrating and the collaboration of several MNCs setting manufacturing functions at regional level has actually enabled the best of global-level practices into the domestic market. This gradually led to the shift from managing transport and godowns simply to a highly integrated SCM process (Gonsalves et al., 2013).
There is a need for logistics, especially to meet the gap between the time of initial manufacturing of an item to the time it gets finally consumed. The greater the gap in this period, the higher the requirement for storage of the product. As each product gets placed uniquely based on who will consume and where the consumption will happen, logistics becomes different for every single category of product (Aravendan & Panneerselvam, 2014). In case of domestic consumption, the product will generally be stored in a warehouse close to the urban centres for easy and quick delivery to the end-user. But, for export purposes, the product has to be stacked in a sturdy container, which has to be warehoused in one Container Freight Station (CFS) near a port and can be exported from there (Warehousing, 2004).
2.7 Controlling huge amounts of agricultural products price fluctuations (potatoes and onions, particularly) and providing cold storage facilities
Around 30% of the total food consumed in India is perishable. It is crucial to have cold-storage facilities so that losses post-harvest can be minimised. Losses are found to be occurring at every stage after the harvest cycle. Hence, with cold storage, the spoilage after harvest cannot be solved. It has to be integrated into a cold chain network right from when harvest begins to purchasing by the final consumer (Gandhi & Namboodiri, n.d.).
Various stages that come in the cycle of post-harvesting are: 
Harvesting
Precooling
Packaging and transportation Cold storage
Market display

It has been observed that a lot many factors are actually responsible for avoiding huge destruction of perishable goods, especially staple food items like potatoes and onions (Chourasia & Goswami, 2009). Of course, different socio-economic factors have also led to the huge losses post-harvest. Issues like inadequate marketing facilities and systems, market information and transportation facilities are among the main hurdles to seamless process function. Moreover, several social and financial factors add to the loss issues post-harvest. Inadequate marketing profiles, transport functions and information about the market are the main hurdles in the process. Plus, there are various other factors that contribute to the loss in production or maintenance of the ones produced (Nellis & Klein, 2009).
Fresh food items are always categorised by their perishability. Of course, there is vulnerability to pests, where controlling temperature and humidity, as well as damage prevention, can increase in shelf life of the fresh vegetables and fruits, especially. Deterioration in the biological state due to the production of ethylene, respiration rates, water stress, mechanical rates, pathological disasters and physiological disorders causes loss of nutritional aspects, decay, and colour, flavour, and texture change (Ul-Rehman, 2012).
To help meet these hindrances, it is essential to arrange for adequate cold storage facilities. The storage should be able to maintain food crops for a long time. Most of the factors causing deterioration in the product can be taken care of with temperature control. By reducing temperature, the rate of physiological change is lowered, which helps slow the growth of different harmful microorganisms (Singh et al., 2014). Producing even after the harvest time is still living means the metabolism process, like respiration and the microorganism activity, keeps going, resulting in product deterioration. To reduce respiration rates, delay ripening along with water loss, the temperature has to be controlled. This can be either done by heat exposure avoidance or by creating a cooling atmosphere and increasing the shelf life of the products. Keeping temperature control to maintain steady storage conditions can help maintain relative humidity, air velocity, thereby improving product shelf-life, quality, and value (Maity & Sharangi, 2013).
3.0 Methodology 
To conduct the study, we collected primary data using structured questionnaires and interviews. As for the secondary data, different State and Central Government Ministry publications were collected. We selected a grass root level village in Kerala named Chellanam in the district Ernakulam. This area is located in the coast and experienced considerable developments with the introduction of integrated development programs.
4.0 Results and Discussion
With warehousing, all activities are related to the large-scale storage of goods in an orderly and systematic manner, to make them conveniently available whenever required. Warehousing signifies preserving goods in large quantities from when they are purchased to the point of sale. It is one of the important modes of trade and is useful by bridging the of product and consumption time for goods (Warehousing, 2004).
Bechini et al., (2008) feel, when one considers human resources, warehousing is costly. The kind of equipment and facilities required makes direct impact on its performance on the SCM overall. If the design is inadequate, managing the warehouse will destroy the required levels of customer service and stock integrity maintenance, ultimately resulting in extremely high costs.
Warehouses are no longer used as goods storage godowns. They maybe better termed as distribution centers that exist mainly to help goods movement to the consumer. Of course, there may be exceptions like strategic stock-taking, however, for all commercial functions, the key is efficient and effective material movement to the customer, even at the cost of keeping an inventory on hold (Maity & Sharangi, 2013).
It is very important, in the present situation and circumstances of the country, to understand the level of technology for utilizing the warehouse operations. Hajjdiab & Al Shaima Taleb,

(2011) were of the opinion that right from conventional mode of warehousing- manual operations, to rack and shelf with fork-lift and further with systems that are fully automated having conveyors, from carousels on robotic applications and automated guided vehicles, the main reasons for choosing a particular technology, and work on entire range of marketing, financial and many other factors all depends on the flexibility for future change of the company (O’Hare et al., 2001).
Warehousing is mainly required to maintain and preserve the seasonal production, to meet the high storage demands on-season, manage production at large scale, to supply quickly the required goods, maintain continuous production, and for price stability.
Certain agricultural goods are harvested at certain seasons, with their consumption happening round the year. This calls for proper warehousing or storage of these goods, so that they can be supplied anytime the requirement comes (Dani & Ranganathan, 2008).
And then there are some goods finding their demand seasonally, like woollen garments, raincoats. Patil, (2013) researched to state that, although these goods are produced throughout the year to meet seasonal requirements globally, they are actually manufactured way before their seasonal needs and stored in these warehouses, so that they are available when you need them.
The manufactured goods are these days produced to meet the current and future demand for these products. Most manufacturers produce huge quantity of goods to make huge profits out of mass-scale production. While Kitinoja & Al Hassan, (2012) feel, it is way more economical to produce goods at a mass scale, the only check is to stack the finished product in proper condition till they get cleared by the sales department.
Both agricultural and industrial goods are produced at certain specified places, as the growth requirements are conducive, but are consumed throughout the nation. This makes it essential to store the goods nearest to the place where they will be consumed. It is, hence, necessary to stack them near those places where transport will be easier to make available to customer needs (Gross, 1978).
For the continuous supply of goods to consumers, factories will need a continuous supply of raw materials. You will need enough quantity of raw materials in a warehouse so that continuous production is ensured (Vergin & Barr, 1999).
Such that price of goods are maintained at reasonable limits in the market, the stock at the warehouse has to be sufficient enough to cater to requirements every time. A certain amount of balance has to be maintained so that there is neither scarcity nor excessive surplus of goods. This is where warehousing can act as a stabiliser.
One of the crucial elements in Indian development is its logistics infrastructure. Realising this, there has been a threefold increase in its spend. With all the developments attempted, India's road, railways and waterways networks still remain inefficient and will be a major concern by 2020 as the freight movement will increase by 3 times by the end of this decade. The logistics shortfall will put India’s growth at real risk.
As a huge portion of the Indian logistics infrastructure is yet to be built, the country can build an optimal infrastructure and meet the increasing demand. However, this will require

integrated coordination where the development of all three ways- railways, road, and waterways matches existing needs and there is better utilization of existing facilities.
India particularly has to increase the use of railways and identify how much potential lies in their waterways. The current Indian freight share in rail is 36 per cent and will decline to 25 per cent. This is almost equivalent to a 50 per cent share in the US and China share, which India needs to increase to 46 per cent.
Failing to achieve this, the waste caused with the logistics infrastructure increases from the present value of USD 45 billion or 4.3 percent of present GDP, to USD 140 billion, almost 5 percent of total GDP in 2020. If it can be tackled in a coordinated fashion, the waste can be reduced by almost half the amount and the fuel requirement brought down to almost 15 to 20 percent.
To achieve this, four shifts have to be made:
1. Build the right kind of network and making sure the flow is of right mode with an integrated network of seven coastal and rail long-distance corridors, some 150 medium-distance connections through road and rail and almost 700 links to last miles.
2. Making enablers so that the network is efficiently used, including the development of 20 logistics parks, directing pallets and container standards and also making better-skilled workers.
3. Putting more investments on railways and reallocating within roads and railways. It is expected that in next 10 years, India will spend USD 500 billion on logistics infrastructure within the next 10 years. This investment has to be redirected in order to make adequate changes.
4. If the adjustments in logistics as planned are made, India will reduce its waste from USD 100 billion to almost a third the amount by 2020. The amount has been planned to be reduced further to USD 70 billion if investments can be raised to USD 700 billion.
In order to work ahead with these four shifts, there is a requirement of a National Integrated Logistics Policy for India. The policy has to target a bigger rail share, make better energy-efficient strategies and reduce wasting finances. However, to implement the new infrastructure in logistics, it will be difficult as there are multiple stakeholders in the state and central governments. There will be a need for a cross-ministerial council to define programmes, design the budget structure, work with its implementation, and to make sure all ministries are coordinating well.
We understand that fresh consumable items like food crops, fish, meat, etc., are all perishable products, vulnerable to spoilage and pests. To prevent such damages, control of humidity and temperature is essential to increase its shelf life. Food products like fruits, vegetables, fish and meat need extra cold storage facilities as they rot easily (Chourasia & Goswami, 2009). Biological deterioration, due to the production of ethylene, respiration rate,

water stress, mechanical injuries, pathological disorders and physiological breakdowns lead to loss in nutritive values, decaying, and colour, flavour, and texture change. The main causes to deterioration are temperature, humidity, atmospheric consumption, air velocity, sanitation, carbon dioxide and ethylene.
The following tables have tried to find the effect of temperature on the relative shelf life of different food products and what should be the post-harvest cold storage temperature to keep the food products from perishing early:

	Temperature in C
	Relative deterioration
	Shelf Life
	Actual shelf life in days possible

	0
	1.0
	100
	45

	10
	3.0
	33
	15

	20
	7.5
	13
	5

	30
	15.0
	7
	2.5

	40
	22.5
	4
	1.3

	
	
	
	



Table 1: How temperature affects the shelf life of agricultural produce (Source: Cold Storage of Agricultural Products - energypedia.info", 2016)

	Item
	Temperature suggested for storage
	Post-harvest life	at
ambient temperature (35 C)
	25 C- Post Harvest condition
	15 C- Post – harvest life
	Higher	life of marketing time at 15 C

	Sweet potatoes
	15 ˚C for 6 months
	1 month
	2 months
	4 to about 6 months
	4 times

	Spinach
	0˚ C for 14 days
	1 DAY
	2 Days
	5 Days
	5 times

	Potatoes
	5˚ to 7˚ C for
5	and	10 months
	14 says
	28 days
	10 weeks
	4 times

	Tomatoes
	15˚ C for 2 weeks
	3 days
	7 days
	5 days
	5 times

	Cabbage
	0˚ C for 6 months
	14 days
	28 days
	8 weeks
	4 times

	Pepper
	12˚ C for 20 days
	3 days
	7 days
	15 days
	5 times

	Carrots
	0˚ C for 6 months
	14 days
	28 days
	8 weeks
	4 times



Table 2: How temperature control affects shelf life of agricultural output (Source: "Cold Storage of Agricultural Products - energypedia.info", 2016)
In the sample village, an attempt was made to identify the effect that temperature has on fresh produce. It was evident that temperature reduction, after keeping above conditions of storage can extend the storage life of the products extensively. Hence, any kind of

cooling like moving the produce to a ventilated or shaded area, or by keeping harvest time evening or early morning was helpful.
Post the pre-cooling of products, they were transported into cold storage or warehouse to increase quality and shelf life. The maximum temperature of storage was maintained, which was a little critical as there were different items requiring different temperature range. The storage facility was further modified, adding multiple chambers of storage with intrinsic storage characters kept as priority (Patil, 2013).
5.0 Conclusion
After conducting an extensive study, it was found that we can broadly divide the cost of logistics into three main components mainly distribution, storage and transportation. The costs incurred in warehousing constitute almost 20-40 per cent of the entire supply chain costs. However, this entirely depends on which product and markets are being served. Of course, the proportion and cost potential evident in warehousing in India make it essential to study it as a separate unit from other elements in the supply chain industry.
The drive that demands warehousing space is broadly classified as Exim, consumption and manufacturing. The present demand is highly driven by the manufacturing services, occupying 631 million sq ft. of the manufacturing space in 2014. This primarily accounts for three reasons- India’s manufacturing base is huge, covering almost all the major industries like steel, automobile, textile, rubber, fertiliser, pharmaceuticals, etc. that require vast space to store raw materials as well as final products. This makes it essential to have a larger inventory in the warehouse so that the supply chain network is not disrupted.
The Exim sector accounted for the second largest amount of space at 211 million sq. ft. in 2014. It’s mainly because CFS and ICD need greater space of land to operate, handling of different equipment and their infrastructure. This sector’s demand is expected having lead in 13% CAGR between 2014 and 2019, as there will be a strong recovery from the export market along with CFS expanding rapidly, which brings in this kind of growth. The predicted growth in demand for warehousing space in India is expected to rise at 9% CAGR. What was 919 million sq. ft. in 2014 may grow to 1439 million sq. ft. by the end of 2019.
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