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Overview 
 

The key research question is: How can a box scheme 

supply chain for fresh organic produce be optimised to 

fulfil consumer expectations of excellent quality 

produce of high nutritional value with minimal use of 

non-renewable resources such as plastic and fuel?  

Waste reduction requires that sustainable methods are 

not only technically able to deliver high product quality 

with reduced environmental damage, but also 

sufficiently recognised by consumers to justify their 

costs, making them commercially competitive. 

 

The question will be addressed through a 

multidisciplinary effort ranging from engineering to 

consumer science, according to these steps: 

1. Define the ranges of key variables (temperature, 

humidity, duration of storage/ transport), which 

retain product quality (nutrient content, sensory 

quality, perceived sustainability) for selected 

products within the appropriate use period. 

2. Analyse conditions and procedures in the supply 

chains for these products to identify the nature 

and extent of opportunities for improvements and 

rank them according to impact and feasibility.  

3. Design and carry out experiments to test the 

implementation of some of these opportunities. 

4. Measure the effectiveness of each experimental 

approach in terms of sustainability (energy & other 

resources) and product quality. 

5. Integrate and iterate the outcomes of 3+4 with 

1+2 to document the benefits of the successful 

approaches and implement improved conditions 

and procedures in optimal combinations. 

 
 

 
Methodology 
 

Numbers refer to the overview. 

1. Selected products are monitored throughout 

the existing supply chain to identify critical 
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steps, where the conditions may deviate from 

what is optimal for this product (e.g. too high 

or too low temperature, or humidity). At each 

such step, the effects of the most extreme 

potentially stressful conditions that may occur 

are assessed, both regarding objectively 

measurable qualities (e.g. nutrient content) and 

consumer expectations (perceived quality & 

sustainability). If the quality of the stressed 

produce is perceived to be at risk, the objective 

impact is measured. For steps where actual 

damage can be induced, preventing or 

alleviating the stressful condition may be an 

opportunity to improve the final quality of the 

product. For steps where no objective quality 

reductions occur, the challenge becomes to 

communicate this to the consumers. 

 

2. Optimised sustainable packaging solutions can 

reduce post-harvest food quality losses and 

improve sustainability of the supply chain by 

reducing, reusing, recovering and recycling 

packaging. The choice of shapes and materials 

can help keep different products at 

temperatures and humidities that are optimal 

for each product, while all still fit into the same 

overall box. An example is the application of a 

suitable phase change material (PCM), which 

will work as a cold source in the box. Together 

with some insulation buffer, PCM will allow the 

box to present micro-climate in different areas 

to satisfy the requirement of different 

temperature for different products, or to keep 

the internal temperature near constant despite 

fluctuations outside the box. 

 

3. For PCM, first simulate the temperature 

distribution and temperature variation with 

time inside the food box containing different 

quantities of PCM at different positions. Then 

experimentally test the food box in a climate 

chamber simulating environmental conditions 

during food transportation/delivery. Once a 

technology has shown that it provides the 

desired conditions in a model situation, it is 

implemented in a few test boxes. These boxes 

are fitted with monitoring devices, and sent 

though the actual supply chain to test the 

concept under more realistic conditions.  

 

4. Experimental boxes that perform well are then 

used to transport actual produce through the 

supply chain in parallel with the existing boxes. 

The exposure to adverse conditions and 

testing of resulting quality outcomes are 

compared as in paragraph 1. 

 

5. The results recorded at each step are analysed 

and compared, to determine which of the 

technically successful solutions perform better 

than the existing ones in terms of sustainability 

and objective product quality, and of these, 

which ones are also cost-effective and can be 

implemented without causing other problems. 

In parallel to this, whether or not any new 

methods are found to be worthwhile 

implementing, the perception among 

consumers is studied, in particular to what 

extent appropriate information material to 

consumers is able to explain and demonstrate 

that and how the chosen system safeguards the 

nutrient content and other qualities of the 

produce. The outcome of these two analyses 

are combined to determine which options the 

consumers trust to deliver produce that is 

better or at least as good as if purchased at a 

comparable retailer. 

 

Parts 1, 3, 4 and 5 will partly be done at the premises 

and transport vehicles of the company’s supply chains, 

while the other parts are done at appropriate facilities 

at Newcastle University: the NU-Food Food & 

Consumer Research facility, the Sir Joseph Swan 

Centre for Energy Research and the Human Nutrition 

Research Centre.  

While the product addresses as specific supply chain 

and is designed to reduce waste and improve 

sustainability of this particular supply chain, the overall 

methodology is generic for all consumer-supported 

sustainability improvements. Publications from the 

project will focus on such generic methodology to 

enhance consumer support for environmental benefits, 

using the specific chain as an example rather than the 

main objective. 

 

 
Timeline 
 

Year 1: (1 and part of 2 – reaches MSc level) 

3 months: Obtain a thorough understanding of the 

presently used materials and procedures, their 

advantages and drawbacks, and investigate which 

aspects to focus on for the experimental work. 

9 months: Review on different packaging materials and 

phase change materials for temperature controlled 

storage in the fresh produce industry, as well as 

relevant training activities. 

 

Year 2: (2 and part of 3) 

3 months: Arrange extreme conditions in supply chain 

and collect products with and without exposure.  

9 months: Test product quality with and without 

exposure; choose which of the reviewed techniques to 



 

  

focus on; start developing/setting up these techniques 

in the lab and test their performance. 

 

Year 3: (3, 4 and part of 5) 

3 months: Test new opportunities in supply chain 

without and with products. Collect products from tests 

for quality assessment and survey consumer views. 

6 months: Test perceived and objective quality of 

products with or without use of new opportunities. 

Assess, troubleshoot and repeat previous activities as 

required.  

3 months: Work with company contacts to implement 

successful opportunities and communicate with 

employees and consumers to optimise benefits and 

impacts. 

 

Year 4 (5) 

6 months only: Finish data analysis, write papers, write 

up PhD thesis. 

 

 
Training & Skills 
 

 Development of new technical opportunities 

based on specified requirements and 

understanding of the relevant physics and 

biology. 

 Design and implementation of small-scale and 

full-scale testing activities, mathematical 

modelling of simulated and measured data and 

statistical analysis of outcomes. 

 Communication orally and in writing, in the 

interfaces among engineering, retailing and 

consumer interests, including targeting of 

message and two-way exchange of data and 

opinions.  

 Understanding of the constraints and 

opportunities facing successful commercial 

operators in this sector of industry. 

 Presentation and dissemination of outcomes at 

conferences and in scientific publications, while 

respecting and supporting the company’s 

commercial IP interests. 
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Further Information 
 

For information about the project please contact Dr 

Kirsten Brandt on kirsten.brandt@ncl.ac.uk, 0191 208 

5852. 
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