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INTRODUCTION

Supermarkets are one of the largest commercial energy consumers. However, the costs
and emissions arising from their supply chain are significantly higher compared to their
customer facing retail activities. It is argued that the food supply chain in the UK is
responsible for 195MtCO,e per year and 15Mt of food waste, which accounts for more
than 30MtCO.e [1]. Energy consumption in the food chain is estimated to be 367TWh
annually, which is almost equal to 18% of UK’s overall final energy use [1]. Hence,
there is a great need and opportunity for companies to reduce costs and emissions in
their supply chain and especially their food supply chain, due to additional costs and
emissions arising from food waste and refrigeration.

OBJECTIVE

Minimisation of cost and carbon emissions in the strawberry supply chain
of Sainsbury’s (from farms to stores)

Formulation of a mathematical optimisation model which integrates the

cost and energy consumption at all stages of the strawberry supply chain

(growers, transportation from growers to depots, depots, transportation
from depots to stores, stores)

The model developed incorporates
 The seasonality of production

 Waste across all stages of the supply chain
 Quality deterioration of strawberries as a function of time and
temperature

METHODOLOGY

Figure 1 depicts the strawberry supply chain that was modelled. 1100 stores(convenience

.70 growers with 10 fast moving depots and supermarkets)
integrated pack-houses - &
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Figure 1. Boundaries of the strawberry supply chain

Figure 2 shows the most important characteristics of the model developed.

Strawberry supply chain
modelling framework

Multi-objective optimisation
Economic objective : Cost
Environmental objective: Emissions

Mixed integer linear
programming

Allocation factors:
define the fraction of
cost and emissions that
should be allocated to
I\ ERES

Modelling food
waste

Seasonality of strawberry production

Modelling food quality deterioration
« Time
 Temperature

L 2

Temperature

Shelf life

Deterioration rates

Figure 2. Strawberry supply chain modelling framework
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RESULTS

Figures 3 and 4 show the distribution of costs due to energy consumption for the strawberry
supply chain.
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Figures 5 and 6 show the distribution of emissions due to energy consumption for the strawberry
supply chain.
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Figures 7 and 8 depict the comparison of transportation stages in terms of cost between the BAU
case and the optimised case.
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Figure 7. Transportation from growers to depots: cost Figure 8. Transportation from depots to stores: cost

Figures 9 and 10 depict the comparison of transportation stages in terms of emissions between
the BAU case and the optimised case.
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Figure 9. Transportation from growers to depots: emissions Figure 10. Transportation from depots to stores: emissions

Figure 11 shows the relative improvement in terms of cost and emissions of the optimised case
compared to the BAU case.
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Figure 11. Relative improvement (%)

CONCLUSIONS

Optimisation of the supply chain can have significant impact on the minimisation of cost and
carbon emissions at the transportation stages of the strawberry supply chain.

» Food waste is a huge contributor to cost and carbon emissions. Hence, even a small reduction
can result in significant amount of savings.

« Temperature during storage and transportation is the key factor that ultimately determines the
final quality of strawberries in the stores.

« Refrigeration accounts for the majority of cost and emissions allocated to strawberries.
Implementation of more efficient refrigeration technologies is essential at all stages of the
strawberry supply chain.
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