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ABSTRACT

We model the transportation problem in Food Corporation of India's (FCI) godown network as an electrical
circuit and simulate it for producing approximately optimal transportation schedules yielding minimal cost. FCI
is central nodal agency which is responsible for procurement, storage, movement and distribution of food grains
throughout the nation. FCI operates nearly 2000 godowns all over India and moves food grains to evacuate
stocks from surplus regions and meet requirement of deficit regions and also maintains buffer stocks for food
security. The problem is, given a system with current stock status of godowns, demands and supplies, and
distance graph indicating transportation costs incurred along routes between different godowns, from where to
and how much to transport such that transportation and operation cost is minimised, with several added
constraints of maintaining specified buffers, vehicle capacity and availability.



Draft Version 2.1 2 of 32
INTRODUCTON

Government of India (Gol) has an objective of ensuring minimum support price (MSP) to farmers,
availability of food grains to the weaker sections at affordable prices and maintaining food security
for the nation. Food corporation of India (FCI) is a nodal central agency which, along with state
agencies is responsible for handling procurement, storage, movement, transportation and
distribution of food grains throughout the nation[1]. The food grain supply chain of India is
extremely complex and the scales involved are in hundreds of lakh of metric tonnes. Consequently,
a vast amount of planning is required to operate the food grain supply chain of India. Optimisation
is an invariable part of planning, but optimisation of such a complex process poses two challenges,
one is to model various phases of supply chain and their practical constraints accurately and second
is to use the model to obtain optimal solution. The optimisation formulations for such problem are
NP hard not possible to solve exactly in practical time. Therefore, heuristic methods are employed
to obtain approximately optimal solutions. In a scheme of such a large scale, transportation costs
accumulate to vast sum of amounts, therefore even slight optimisation in transportation schedules,
can save large amounts of public resources.

In this section we describe the supply chain of FCI, the scales involved in it, and the practical
challenges faced at various stages.

1. SUPPLY CHAIN OF FCI

1.2. Procurement

To facilitate procurement of food grains, FCI and various State Agencies in consultation with the
State Government establish a large number of purchase centres at various mandis and key points.
Coarse grains, especially wheat & paddy are procured under support scheme mainly by state
government agencies for Central Pool as per the direction issued by Government of India time to
time. [1]

Procurement of food grains is done through Centralised Procurement System (CP) and
Decentralised Procurement System (DCP). Under CP, the procurement of food grains in Central
Pool are undertaken either by FCI directly or State Government agencies procures the food grains
and handover the stocks to FCI for storage and subsequent issue against Gol allocations in the same
State or movement of surplus stocks to other States. The cost of the food grains procured by State
agencies is reimbursed by FCI as soon as the stocks are delivered to FCI as per cost-sheets issued
by Gol. The scheme of Decentralised Procurement of food grains was introduced by the
Government in 1997 with a view to enhancing the efficiency of procurement and PDS and
encouraging local procurement to the maximum extent thereby extending the benefits of MSP to
local farmers as well as to save on transit costs. This also enables procurement of food grains more
suited to the local taste. Under this scheme, the State Government itself undertakes direct purchase
of paddy/rice and wheat and also stores and distributes these food grains under NFSA and other
welfare schemes. The Central Government undertakes to meet the entire expenditure incurred by
the State Governments on the procurement operations as per the approved costing [2].

Procurement operations are seasonal. Kharif Marketing Season (KMS) starts from 1st October
and lasts upto 30 September next year. Paddy / Rice and coarse grains like jowar, bajra, ragi &
maize are procured during the KMS. The Rabi Marketing Season (RMS) starts from 1 April and
lasts upto 31 March next year. Mostly, wheat and sometimes barley is procured during RMS. The
kharif cropping season is from July—October during the south-west monsoon and the Rabi cropping
season is from October-March (winter) [3].

1.3 Storage

FCI has to store stocks to meet the requirements of Public Distribution System and Other Welfare
Schemes undertaken by the Government of India. Also, buffer stock is to be maintained for
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ensuring food security of the nation. Besides having own storage capacity, FCI has hired storage
capacities from Central Warehousing Corporation, State Warehousing Corporations, State Agencies
and Private Parties [4]. FCI has a network of strategically located storage depots including silos all
over India. There is state warehouse corporation (SWC) which maintains godowns owned by states
and central warehousing corporation (CWC) which maintains godowns owned by FCI. FCI
procures itself, or states do on behalf of it, food grain for central pool. Owner of central pool is FCI,
and all the central government schemes are catered by this pool. States can also maintain their state
pool for state level schemes. State godowns can are hired by FCI to store either centralised
procurement by FCI itself or decentralised procurement for FCI by states. Each fair price shop is
mapped to a closest godown for supplies, similarly, each procurement centre is mapped to a closest
godown for storage of procured grain.

1.4 Movement / Transportation

Punjab, Haryana and Madhya Pradesh are the surplus States in terms of wheat procurement vis-a-
vis their own consumption. Punjab, Haryana, Andhra Pradesh, Telangana, Chhattisgarh and Odisha
are surplus States in terms of rice procurement vis-a-vis their own consumption. Surplus stocks of
wheat and rice available in these States are moved to deficit States to meet the requirements under
NFSA/TPDS and other schemes as well as to create buffer stocks.

FCI undertakes movement of food grains in order to: Evacuate stocks from surplus regions, meet
the requirements of deficit regions for NFSA/TPDS and other schemes, create buffer stocks in
deficit regions. Movement Plan is prepared on monthly basis keeping in view : quantity available in
surplus regions, quantity required by deficit regions, likely procurement, vacant storage capacity
both in consuming as well as procuring regions, monthly allotment/ off take of food grains.

Each state has several regions and each region has a set of state warehouses as well as FCI ware
houses [6, 7].

1.4.1. Intrastate Model State Godowns with surplus
Instead of FCI procuring from purchase centres and
then transferring them to states, FCI allows states to
procure food grain for central pool on behalf of FCI,
which is called decentralised procurement. In intrastate
model, the state uses food grain from central pool kept
in state warehouses on behalf of FCI to transport food
grains surplus state godowns to deficit state godowns.
State surplus godowns are those which have excess
stock due to decentralised procurement. If after this
movement by state agencies, any state godown with
deficit remains, then this requirement is communicated
to FCI, which then fulfils this requirement from its
own central godowns in the state. If Even FCI central
godowns in the state do not have enough stock to meet
state deficits, then FCI records it as a matter of
intrastate deficit, and seeks to bring food grain from
surplus central godowns of other states. Intrastate
transport happens majorly by road. In fact in 2020-21,
intrastate movement by road was 54 LMT, and by rail
was merely 4LMT. The interaction of intra and FCI Godowns with surplus
interstate model is illustrated in figl. [8, 9]
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other states. Indian railways then execute the orders from the FCI. This requires efficient rake
allocation and rake scheduling systems. Interstate transport occurs mostly by rail and by road to
those locations to where there is no rail line. in fact in 2020-21, interstate movement by rail was
473.63 LMT, whole by road was 61.66 LMT. References [7, 8]

1.5 Distribution.

Distribution is from state godowns upto block level and then from a block to delivery points known
as fair price shops (FPS) from where food grain is distributed to beneficiaries.
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Figure 2 : Supply chain of FCI [7].
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The process of transportation has been categorised into two stages, the intrastate transportation
stage and the interstate transportation stage. In this paper we will model the general transportation
problem and use it cumulatively model the two stages of transportation.The first stage consists of
two steps : state's intrastate movement from central pool & FCI's intrastate movement, the second
stage consists of one step : FCI's interstate transport.

The nature of the problem is, the demands on a godown are mostly fixed since beneficiaries are
mapped to only their local fair price shops which are mapped to fixed godowns for supply. Supplies
may change based on yield dependent on weather etcetera. However, with the one nation one ration
card, it has been observed in covid 19 pandemic that huge labour migrations happened during which
unconventional demands are faced in various regions.

2.

j ¥

9}

e

SCALE OF THINGS

In year 2020-21, FCI, by itself and through state agencies has procured 389.92 Lakh metric
tonnes (LMT) of wheat and 601.73 LMT of rice [12, 13].

The stock of food grains in central pool as on 1st April 2022 is around 950 (LMTs) against a
total 817.96 LMT storage capacity of FCI in state warehousing corporation (SWCs) and central
warehousing corporation (CWCs) combined [4,5].

For wheat procurement, 21,106 procurement centres in RMS 2021-22 & 74,684 procurement
centres for procurement of paddy in KMS 2020-21 were operated.

FCI transports on average about 450 LMTs of food grain through a network of 2300 storage
depots annually. There is on average a daily transportation of 20 lakh bags, 50 kg each via rail,
road or waterways, from producing states to consuming states travelling an average distance of
1500 kms.

Above movement incurs annual cost of around X8046.8 crores. [11]

The total wastage of grain in transportation (manual loading & unloading, sweeping, spillages
etc), leakages in PDS, shortage of manpower, underutilisation of existing storage facilities of
food grain as of 2016, is around 60 LMT, whose monetary value is estimated to be around
50000 crores [14].

More than 60% of stocks procured are moved from from surplus regions to deficit regions.
More than 80% movement of food grains is undertaken by rail.

PDS is having a large network of 5.13 lakh fair price shops (FPS) throughout the country which
makes it one of the largest retail system in the world.

PROBLEM

describe several constraints in the transportation scenerio of supply chain described previously.
Overspill : Every godown has a maximum capacity of storage. Although temporary
arrangements are made when surplus exceeds capacity, but in this article we assume that a
godown cannot store more than its capacity.

Multimodal Transport : Intrastate transport happens majorly by road while interstate transport
happens majorly by rail. But both has multimodal choices.

Vehicle Availability : The amount of transportation that can initiate from a node is restricted
by how many vehicles are available at that node and their cumulative capacity.

Vehicle Capacity : The amount of transfer depends on vehicle capacity, in case of transport by
rail in interstate model, a transport is initiated when the amount sums up a half or full rake.
Transportation Cost : The transportation cost charged by logistic agencies like railways
decreases per unit weight as the distance increases and it also decreases due to economy of
scales, when large consignments are delivered. Moreover railway also provides two-point



Draft Version 2.1 6 of 32

combination feature which allows to combine the demand of two destinations and places and
place order for a full rake from source to avail the cost discount of ordering dull rake.

6. Demurrage Cost : If Rails run on schedule and they are not unloaded on time by FCI, or any
delay caused by FCI to railway produces a demurrage cost to be paid by FCI to railways [7].

7. Detention Cost : If FCI trucks run on schedules and there is delay in rail arrival, or any delay
caused by railway to FCI produces a detention cost to paid by railway to FCI .

8. Minimum Buffer : Government instructs to maintain some reserve in each godown, for its food
security policy.

9. Operational Cost : Storing grains in a godown costs. Which include labour payments,
warehouse equipment costs etcetera.

10. Optimal Utilisation : The load on godowns should be distributed such that a situation where
few godowns are stressed and others godowns lie mostly free should not occur. Although this is
a subjective requirement which depends on how well infrastructure is placed corresponding to
production and demand.

11. Shelf Life : Older grains (within their shelf) are to be supplied first for consumption, to ensure
least wastage. Grains out of the shelf life are discarded and used fo animal fodder or ethanol
production and other industries.

12. Planning Horizon : Interstate transport happens once in a month. Also it reduces costs if the
entire outflow of godown is within a specific week, it gives economy of scales cost discounts.

13. Production topology : Grain production is region and season specific. In winters, wheat grows
in Northern India and the wheat demand of southern states is to be catered by transporting grain
from Northern godowns to Southern godowns and so on. Rice production on the other hand is
more uniform across the country.

Given the above constraints, which are not exhaustive, and several input parameters, a model is to
be devised which produces a transportation schedule such the overall transportation and storage
cost is minimised. The transportation schedule describes what amount of grain is to be transported
from which godown to which other godown such that above constrains are fulfilled. The challenge
is, the optimisation formulations with so many parameters and constraints is NP hard which implies
finding exact solution is not possible in reasonable time for even small input spaces. Invariably a
heuristic method has to be employed to get close to optimal solution but fast.

In this article, we develop a circuit simulation based model for general transportation problem with
various practical constraints and then use it calculate schedules for intra and interstate
transportation.

LITERATURE REVIEW

This is a practical version of the transportation problem studied in operations research. A lot of
research is carried out for such transportation problem, but there is a gap between theoretical
solutions and practical systems. Several non linear programming based solutions are proposed
including different practical constraints. But the exact solution to the LPPs is known to be NP-hard
and therefore heuristics known for their effectiveness for such problems are used, like ant colony
optimisation, chemical reaction optimisation etcetera. The following works have been reported in
context of FCI.

Maiyar et al[8], proposed a bilevel model for intrastate transport, A linear model for the first level
considering only a single mode of transport by road, and a mixed integer non linear programming
model for second level considering multimodal rain-road transportation. The paper also presented
two variants of particle swarm optimisation to solve the model.

Mogale et al[14], considered the food transportation-allocation process and modelled both intrastate
and interstate transportation using a mixed integer non linear programming to minimise
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