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A B S T R A C T   

The human food supply chain is placing great strain upon the environment. This is compounded by the creation 
of wastes at all points along the supply chain. Yet many of these “wastes” are instead surplus foodstuffs that may 
yet have the potential to be used. Recapturing the value in these surplus foodstuffs is essential in reducing 
environmental impact of the food supply chain. Insect bioconversion of such surplus foodstuffs back into animal 
feed is one promising way of doing this. In this study an optimization-based decision support tool is developed to 
inform bioconversion businesses what locations to source surplus foodstuffs from, where to locate processing 
facilities and what business model to pursue. A case study business is presented, which utilizes Hermetia illucens 
(black soldier fly larvae, BSFL) in small bioconversion units which have flexible location options, i.e. close to 
individual sources of surplus foodstuffs. Spent brewer’s grains (SBG) are used as a case study surplus foodstuff. 
The quantities and locations of SBG are identified within the South East UK. Three business models are evaluated, 
one using the live BSFL to feed local poultry and two based upon dried BSFL-meal used in aquaculture feeds. The 
live BSFL business model is shown to be most viable at present with the best margins, and greatest resilience to 
model perturbations. The novelty of this study is the application of optimization understand the reality of how 
insect bioconversion may operate within current supply chains, as opposed to the technical or social aspects more 
usually studied.   

1. Introduction 

The production and consumption of food creates a significant pres-
sure upon the environment. Approximately 26% of all greenhouse gas 
emissions are attributable to food production, of which approximately 
6% is due to losses and waste (Poore and Nemecek, 2018). Animals 
reared for food are a significant burden, where within Europe, 65% of 
agriculturally produced biomass is used as animal feed (Camia et al., 
2018). This demand for feed crops is equally felt on imports, resulting in 
the EU being only 3% self-sufficient for soy used for animal feed (De 
Visser et al., 2014). With respect to aquaculture, production is expected 
to continue to grow, but the quantity of the wild caught fishmeal used in 
it has plateaued (FAO, 2016). In order to meet the increase in aqua-
culture production, ever more quantities of land-based plants will be 
required, putting further stress upon the environment. 

As a result, there is increasing interest in using insects as a source of 

protein in feeds (Van Huis et al., 2013). They offer a potentially more 
sustainable alternative to other common protein sources such as soy or 
fishmeal (Van Huis and Oonincx, 2017). One such insect species of in-
terest is Hermetia illucens, or black soldier fly. Their larvae may be 
included in feed for salmon with little change in growth or nutritional 
content of the fish (Bruni et al., 2020). Black soldier fly larvae (BSFL) are 
also considered a promising replacement for soy and other proteins in 
poultry feed from both a nutritional perspective (Cullere et al., 2018), 
and an environmental perspective (Allegretti et al., 2018). Most notably, 
Moula et al. (2018) conclude that insects reared on horse manure were 
suitable for rearing poultry, which is supportive of circular economy 
principals. It is also notable that use of insects may have little effect 
further down the food chain, with most consumers accepting of eating 
animals raised upon insects (Bazoche and Poret, 2020). 

The environmental impact of food production is compounded by the 
amount that is wasted throughout the supply chain. In the UK it is 
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estimated that 10 Mt of food are wasted annually, of which 6 Mt is 
considered avoidable (Wrap, 2017). Therefore, there is much interest in 
the use of insects such as BSFL for their potential to process a diverse 
range of waste streams such as abattoir, fruit, vegetable and other food 
wastes, or human faeces (Lalander et al., 2019). Likewise, there is 
further interest in their ability to reduce waste mass, for example 
chicken and dairy manure (approx 40–48%) (Rehman et al., 2019), or 
fermented maize straw (approx 48%) (Gao et al., 2019). BSFL offer a 
sustainable option for waste processing compared to others such as 
landfill, composting or anaerobic digestion (Mondello et al., 2017). BSFL 
have been successfully reared on spent brewer’s grains (SBG) (Oonincx 
et al., 2015). 

Hence, the literature shows that there is potential for BSFL to meet 
the demand for a more sustainable source of protein, and that they can 
process surplus foodstuffs, such as SBG, to produce it. Indeed, there is a 
call for them to be a recognized part of a circular economy model for 
creating value from food waste (Fowles and Nansen, 2020). Yet, 
Dobermann et al. (2017) and Madau et al. (2020) highlight that, while 
there is much optimism around the use of BSFL for bioconversion, there 
is still need for research into the practicalities. 

Insect bioconversion is an example of a business model archetype 
which creates value from waste through technology (Bocken et al., 
2014), or the “recyclinnovator” business model archetype as proposed 
by Trapp and Kanbach (2021). These best suit instances where bio-
refining of agricultural, or organic materials, results in products which 
can be used locally (Donner et al., 2020). Indeed, locality is important 
when recreating the natural systems such business models seek to 
emulate (Gruner and Power, 2017), reducing the distance that raw 
materials are transported (Howard-Grenville et al., 2014). For example, 
it has been shown that there are limits to how far SBG might be trans-
ported for feeding to cattle and still be economically viable (Ben Hamed 
et al., 2011). This highlights the need for more understanding of the 
logistics relating to such business models. 

In other surplus or waste-driven industries (e.g. biorefining, waste 
conversion etc) supply chain optimization and analysis have been used 
to reveal economic and/or environmental preferences towards certain 
logistics such as centralised versus dispersed supply chain models, dry-
ing and technology configurations, sourcing and market choices (e.g. 
Bussemaker et al., 2017; Sharma et al., 2013; Yazan et al., 2016; Dunnett 
et al., 2007; Jonkman et al., 2019). Furthermore, decision support tools 
are also demonstrated for resource management, identification of po-
tential collaborators and to highlight the importance of externalities 
such as seasonality and policy implications (e.g. Namany et al., 2019; 
Cecelja et al., 2015; Paul and Bussemaker, 2020; Akbarian-Saravi et al., 
2020). But the insect bioconversion of surplus foodstuffs is a new topic 
which has not been explored by these methodologies. 

This work starts to fill these research gaps by investigating the 
practicalities of turning surplus foodstuffs into feed and the associated 
supply chains, focussing on decisions around where to source surplus 
foodstuffs from, and where and how best to process them. 

The research focuses on a case study business which has developed a 
small-scale bioconversion unit (BCU) for rearing BSFL and is capable of 
processing up to 500 kg of surplus foodstuffs per day. The small size of 
the BCU allows for flexibility of location, potentially adjacent to sources 
of surplus foodstuffs. This can aid in reducing the transport miles of the 
surplus foodstuff to the BCU, and also enables better control of the 
supply chain, which in turn facilitates easier maintenance of food hy-
giene standards. 

Spent brewer’s grains (SBG) is used as a case study example of sur-
plus foodstuff, with data collected during 2019. The study identifies how 
much surplus foodstuff is located within a given area, the locations 
where is best to place the BCUs, and which business models are best to 
pursue to support the growing business. The objectives of the study are 
therefore:  

1) To develop a decision support tool (DST) for understanding how to 
distribute insect bioconversion units in a given area to support a 
circular economy model for valorization of surplus foodstuffs.  

2) To apply optimization routines to underpin the decision support tool.  
3) To use the decision support tool to understand the best business 

model to adopt to maximise viability of the company.  
4) To investigate the location and quantity of a case study surplus 

foodstuff in a given area. 

The manuscript is organized as follows. Materials and methods are 
outlined in Section 2, including an outline of the bioconversion process, 
case study business approach, and operation details and optimization 
model developed for the study. Results are presented in Section 3 
alongside discussion of those results and an exploration of different 
parameters relating to the operation of the case study business. And 
finally, concluding remarks are given in Section 4. Where necessary, 
further details are provided in the accompanying Supplementary 
Material. 

2. Materials and methods 

The business model explored in this study is underpinned by the 
bioconversion of surplus into a BSFL protein source. The rearing process 
to be used by the business is still under development and is not discussed 
further here for reasons of confidentiality. However, the basic biocon-
version process itself is common to many BSFL rearing methods (Cortes 
Ortiz et al., 2016). 

A feed substrate is put into a receptacle and inoculated with imma-
ture BSFL (approximately 5 days old). The receptacle is kept in a 
controlled environment, with appropriate temperature, humidity, 
lighting and air quality to optimize the BSFL growth. The rearing period 
may be determined by either a specified weight gain of the BSFL or 
substrate process rate (in kg per day). It is anticipated that the rearing 
time will be approximately 12–14 days from the point of inoculation. 
Upon reaching the target weight, the BSFL are separated from any 
remaining materials, now termed “frass”. After separation, the larvae 
are processed in a manner dependent upon the final required product, 
which in this study is either living larvae, or dried larvae. Further pro-
cessing of the dried larvae may be required for inclusion into mass- 
production feedstocks. However, it is anticipated that this will be con-
ducted by any feed producer purchasing the BSFL, and therefore out of 
scope of this study. 

2.1. Case study business 

The case study business, located in the south east of the United 
Kingdom (UK), has developed a small, semi-automated BCU which may 
be located close to sources of surplus foodstuff. The size of the BCU is 
similar to a standard 20 ft international shipping container with di-
mensions of 20 ft length, 8 ft width and 8 ft 6 inches height (ISO, 2020). 
All equipment required for rearing the BSFL are housed within the BCU. 
The business plans to operate a fleet of BCU located around the UK, and 
administer them from a centrally located headquarters (HQ). The HQ 
provides a base for administrative staff and field technicians to work 
from, and a facility to produce young BSFL to distribute throughout the 
BCU network as inoculant for the surplus. Depending on the business 
model adopted, it may also act as a central post-processing location for 
the final BSFL product. 

The decentralized co-location of small scale BCU with the sources of 
surplus foodstuffs differs from the centralized model typically adopted 
by municipalities for waste or recycling collection, in which materials 
from many sources may be aggregated to some extent, before being 
sorted at dedicated depots (Bing et al., 2016). This is especially true for 
collection of food waste, for example when sending to anaerobic 
digestion (Bees and Williams, 2017). Such centralised models for 
collection and processing are attractive from a cost perspective when 
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materials may be readily mixed. However, this approach is not attractive 
to a food supply chain for which it is important to both avoid the use of 
waste in animal feeds (Torok et al., 2021) and maintain ease of audit of 
the supply chain. Avoiding mixing of surplus foodstuffs in the first place 
by placing small scale BCU close to the surplus foodstuffs’ locations can 
mitigate these issues. Furthermore, using small scale BCU in a distrib-
uted bioconversion model, initial capital costs may be reduced as 
compared to a single large scale, centralised BSFL rearing facility, and 
upscaling to meet future demand may be conducted in a more linear 
fashion. 

For the purposes of this research, the production of BSFL is defined as 
taking place over two stages: processing and post-processing. The pro-
cessing stage covers the rearing of BSFL on the surplus foodstuff. The 
post-processing stage covers the separation of the BSFL from the frass, 
and optional further step of drying the BSFL. 

The case study business has three proposed business models which 
differ in how much post-processing is applied to the BSFL and where the 
post-processing takes place. The business models are as follows:  

1. Alive & Local: The BSFL are separated from the frass at each BCU 
location and sold, alive as feed to a local poultry farmer.  

2. Dried & Decentral: The BSFL are separated from the frass and dried at 
each BCU location, then transported back to the central HQ for ag-
gregation with all the BSFL from the other BCU. Then they are 
shipped to a mass feed producer.  

3. Dried & Central: The frass and BSFL are both transported back to the 
central HQ for separation and drying. Then they are aggregated with 
those form the other BCU sites and shipped to a mass feed producer. 

The latter two operational modes differ both in volume of material 
that is transported between the BCU sites and the HQ, and in number of 
post-processing units required. In the decentral model, a small sifter and 
dryer which can process approx. 3.5 t/wk is required at each BCU site. In 
the central model, only one large sifter and dryer is required, capable of 
processing approximately 150 t/wk. For comparison, a mass producer of 
fish feed may be expected to produce in the region of 30,000 t/wk of 
feed. 

2.2. Substrate: spent brewer’s grains 

Spent brewer’s grains (SBG) are a by-product of the beer brewing 
process and are the remains of the barley malt after the sugars have been 
removed during mashing. They are approximately 20% dry matter. 
Many breweries have an agreement with a local farmer who may take 
the SBG for feeding to livestock. SBG also make a good substrate for 
BSFL, with feed conversion ratios (FCR, the ratio of the mass of BSFL 
produced from a given mass of substrate) of approx. 1.75 achievable, 
derived as an average of that reported in Oonincx et al. (2015) (FCR 1.4), 
Bava et al. (2019) (FCR 1.2), and Nyakeri (2018) (FCR 2.7). 

The mass of SBG is often not recorded by small scale breweries, so it 
was inferred from the reported volumes of beer that each produce. 
Across the south east UK, 37 breweries within an approximately 55 km 
distance of the proposed central HQ location reported the quantity of 
beer that they produced. The locations of the breweries are given in the 
Supplementary Information as a function of longitude and latitude 
(Table S1) and a representative image is shown in Fig. 1. Of the 37 
breweries, 15 were considered as candidate BCU locations due to in-
stances when multiple breweries were in close proximity. The candidate 
locations are marked in Table S1 with an asterisk (*). 

Production data was taken from brewery webpages, or where that 
was not available, from local news or trade magazine articles. The mass 
of SBG was estimated as 245 g per litre of beer produced, as derived from 
literature (Cordella et al., 2007 (300 g/l), De Marco et al., 2016 (379 
g/l), Koroneos et al., 2005 (194 g/l), Talve, 2001 (235 g/l) (Kloverpris 
et al., 2009) (118 g/l)). The mass of SBG produced per brewery was 
between 0.12 t/wk and 38.4 t/wk, with an average of 3.0 t/wk. The total 

mass available in this study is 112 t/wk. This mass represents an upper 
bound for the available SBG, as some breweries already have arrange-
ments in place for their disposal. In such cases, it is up to the case study 
business to negotiate access to the SBG, and costs of doing so is explored 
in Section 3.3. 

Table 1 shows the growth performance of the BSFL fed on SBG, 
including the dry matter content of the BSFL and estimated mass of frass 
produced. The value of the dried BSFL (£819/t) is obtained from nutrient 
profile testing at a large fish feed manufacturer. The default monetary 
value of the alive BSFL (£800/t) used in the study was obtained from 
discussions with a local poultry farmer who is motivated to supplant soy 
within the feed given to the chickens for the purposes of being able to 
market the meat as soy-free. This value is used as initial indicative price 
for BSFL meal, but given that prices are often higher, at around £1440/t1 

(Joly, 2018) or £1724/t2 (Ferrer Llagostera et al., 2019), the effect of 
price variation up to £1500/t is explored in this research. 

2.3. Bioconversion units 

The attributes and related costs of each BCU (including utility costs) 
are shown in Table 2. The case study business modelling estimates the 
BCU can process 500 kgSBG/day (3500 kgSBG/week), cost £20,000 to 
build and £400 per year to service, and have a lifetime of 10 years. The 
build price is estimated based upon the technology under development 
and comparable rearing methodologies demonstrated by other rearing 
processes (Cortes Ortiz et al., 2016), but the authors are not aware of a 
directly comparable system being used at time of writing. One field 
technician can operate and service 20 BCU and is paid an annual salary 
of £28,073. The technician’s salary is based upon the case study business 
financial modelling, which includes UK national insurance and pension 
contributions, and is average salary for the UK at time of writing (Ons, 
2021). Therefore, fixed costs for the BCU are assumed to be £81.5/week, 
and operational costs are £54.0/tSBG. 

For the purposes of this study, the internal configuration of each BCU 
is not required. Regardless of the technology that is used, the decision 
regarding how many BCU and where to place them is only dependent 
upon the SBG that is processed, and the costs incurred in doing so. There 
is no upper or lower limit to how many BCUs may be placed on any given 
location, but for the purposes of efficient optimization, a maximum total 
number of BCUs is defined as 10 more than is required to process all the 
available SBG. 

2.4. Post-processing 

Once the BSFL reach the target mass, they are separated from the 
substrate for further processing. Two different post-processing options 
are considered in this study: central and decentral. A summary of all 
post-processing attributes is shown in Table 3. 

2.4.1. Post-processing: decentral 
For the decentral and local business models, a single post-processing 

unit (PPU) is put at each location that has one or more BCU. Each PPU 
may serve up to 3 BCU. It is assumed that each PPU is housed within a 
standard 20 ft international shipping container which costs £3,600, 
based upon the range of prices provided on Portablespace (2021), and 
has a lifetime of 10 years. Within each PPU there is a sifter and dryer. 
Indicative sifter credentials are: maximum sifting capacity of 100 kg/h; 
power rating of 180 W; lifetime of 5 years; and a cost of £1000 (Alibaba, 
2019c). Indicative dryer credentials are: drying capacity 12 l/h; power 
21.3 kW; lifetime of 5 years; and cost of £2800 (Alibaba, 2019b). The 

1 Reported as $2000/t in reference and converted at an exchange rate of 
£0.72/$ (as of March 4th, 2021).  

2 Reported as €2000/t in reference and converted at an exchange rate of 
£0.8621/€ (as of March 4th, 2021). 
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associated costs of the utilities are the same as those of the BCU 
(Table 2). 

The exact internal configuration of the PPU was not known at the 
time of this study, therefore, it is assumed that the sifter and dryer are 
the sole contents. Each PPU is assumed to have the same requirements of 
operation and maintenance labour as a BCU (Section 2.3). The above 
leads to a fixed cost of £35.7/unit/day and an operational cost of £59.1/ 
tBSFL&frass. 

2.4.2. Post-processing: Central 
Central post-processing follows the same basic process, but the scale 

of the equipment is larger, with enough capacity for all the material 
produced by the BCUs. Indicative sifter credentials are: capacity of 
10,000 kg/h; power rating of 3.7 kW; lifetime of 5 years; and a cost of 
£7000 (Alibaba, 2019c). Indicative dryer credentials are: capacity of 50 
l/h; power rating of 86 kW; lifetime of 5 years; and a cost of £6200 

Fig. 1. Approximate geographical location of surplus SBG used in optimization.  

Table 1 
Data relating to bioconversion of substrate using BSFL.  

Item Spent Brewer’s 
Grains 

Additional Information 

Total mass (t) 112.06  
Number of breweries 37  
Value BSFL (£/tdried) 819 Case study business data 
Value BSFL (£/talive) 800 Case study business data 
FCR 1.75a See footnote below table 
Dry matter in BSFL (%) 29.2 Case study business data 
Moisture content when 

dried (%) 
10.0  

Mass dry BSFL (kg/tsurplus) 166.86 Calculation 
Income from BSFL 

(£/tsurplus) 
136.66 Calculation 

Frass (kg/tsubstrate) 428.57 Calculated: mass = 1000 −

1000/FCR  
Frass value (£/t) 0 Assumption 
Water consumption (l/ 

tsubstrate) 
1242.44 Case study business data 

Electricity (kWh/tsubstrate) 100 Case study business data  

a Derived from Oonincx et al. (2015) (FCR 1.4), Bava et al. (2019) (FCR 1.15), 
Nyakeri (2018) (FCR 2.7). 

Table 2 
Attributes of BCU and related costs of BCU and post-processors.  

Item Value Additional Information 

Capacity (kgSBG/day) 500 Business operation target 
Cost (£) 20,000 Business cost target 
Lifetime (year) 10 Assumed 
Servicing cost (£/year) 400 Assumed 
Technician requirements 

(BCU/person) 
20 Business operation target 

Field technician salary 
(£/year) 

28,073 Business financial model, Ons (2021) 

Technician vehicle cost 
(£) 

10,000 Business financial model 

Transport lifetime (year) 10 Assumed 
Electricity price (£/kWh) 0.2004 Indicative price for UKa 

Electricity standing 
charge (£/day) 

0.54 Indicative price for UKa 

Water price (£/m3) 3.19 Indicative price for UKa 

Gas price (£/kWh) 0.05 Indicative price for UKa 

Gas standing charge 
(£/day) 

0.8 Indicative price for UKa 

Rent (£/sqft/year) 10 Indicative price for UKa 

Consumables (£/tSBG) 15 Estimated from current equivalent 
production processes (Cortes Ortiz et al., 
2016) 

BSF egg production 
(£/tSBG) 

15  

a Prices as per 2019. 
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(Alibaba, 2019a). It is assumed that one extra member of staff is taken on 
full time to operate the central post-processing equipment and is paid 
the same salary as a field technician (Table 2). 

The above leads to a fixed cost of £63.9/unit/day and operational 
costs of £57.1/tBSFL&frass. The post-processing costs are very similar to 
the decentral ones, because they are dominated by the energy costs of 
drying, itself driven by the latent heat of vaporization of water. How-
ever, when more than 2 decentral PPU are installed, the costs rise 
rapidly above that of having a single, central unit. Instead the decentral 
scenario saves transport cost back to the HQ as only dried BSFL are 
transported, and not wet BSFL mixed in with frass. 

2.5. Outputs: BSFL and frass 

The main source of income for the business will be sales of BSFL. This 
study focuses on the mass of SBG processed, therefore it is necessary to 
convert this mass into a yield of post-processed BSFL. Rearing trials of 
the BSFL on SBG are on-going, therefore, data such as the FCR are taken 
from literature (Oonincx et al., 2015; Bava et al., 2019; Nyakeri, 2018), 
as shown in Table 1. Further information such as the amount of water 
and electricity to rear the BSFL are taken from on-going trials by the case 
study business. 

Frass is the other major by-product by mass of the bioconversion 
process. No data at the time of the study exists for the quantity of frass 
that is likely to be generated. Therefore, it will be assumed that the mass 
balance of material throughput is maintained, and that the mass of frass 
is equal to the mass of surplus food input minus the mass of BSFL. The 
frass mass is 428.57 kg/tsubstrate. This may be an overestimate, given that 
values in literature indicates frass masses of 260 kg/tsubstrate in tests for 
BSFL reared on okara, SBG or a control diet of chicken feed (Bava et al., 
2019). However, until trails of the rearing process within the BCU 
environment are conducted, it is not possible to have a more accurate 
estimate. The value of the frass is assumed to be £0/t. Variation of this 
will be explored in Section 3.3. 

2.6. Transport 

Transport distance (d) between SBG providers, prospective BCU lo-
cations and the central facility is approximated by the haversine formula 
which gives the great-circle distance between two points on a sphere: 

d = 2rsin− 1

( ̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

sin 2

(
ϕ1 − ϕ2

2

)

+ cos(ϕ1)cos(ϕ2)sin 2

(
λ2 − λ1

2

)√ )

(1)  

where r is the radius of the sphere, ϕ1 and ϕ2 are latitude of points 1 and 
2 in radians, and λ1 and λ2 are longitude of points 1 and 2 in radians 
respectively. It is assumed that each journey is made by travelling out 
from and back to each location. A factor of 1.35 is used to approximate 
between the haversine formula value and that from travelling real roads. 

Collection of SBG is assumed to be weekly by 7.5 t truck at an 

indicative cost for the UK of £0.985/km (Truck-Expert, 2018). The price 
is given in terms of per km only, as the truck is picking up small quan-
tities of SBG at each stop, and therefore, costs will be dominated by 
wages and truck running costs. 

The transport of BSFL (and possibly frass) from the BCU sites to the 
HQ is costed on a per tonne-km basis. This is because the mass trans-
ported depends on whether the decentral or central business model is 
adopted. Therefore, transport cost on a mass basis gives a means to 
differentiate between the models. This transport is costed at £0.31/t-km 
in a 35t truck (Bussemaker et al., 2017), and effects of inflation are 
explored (Section 3.5). 

The final category of transport which is accounted for within the 
model is that of the field technician who supports the BCU and PPU. This 
is costed at £0.137/day/unit and is based upon a van cost of £10,000, a 
lifetime of 10 years and the technician supporting 20 BCU and PPU. 

2.7. Headquarters 

The HQ are assumed to require a fixed monthly cost which is 
incurred regardless of how many BCU are installed, or how many tonnes 
of surplus are processed. It is assumed that three members of staff work 
full time at the headquarters: a manager, sales and administrative staff 
member. It is assumed to be located within an industrial unit of size 
6752 sqft. The costs come from the business’ own financial modelling 
and are a total of £7139/week. Details of the individual costs within this 
total are given in Table 4. They have been generated as part of the case 
study business costing exercise and are indicative of competitive market 
prices within the United Kingdom at time of writing. 

2.8. Optimization model formulation 

This section contains the generalised forms of the optimization 
equations. They are applied to SBG in this study, but in principle could 
be applied to any number of substrates. The objective function is 
calculated from the difference between costs and income: 

Maximise
∑

Income −
∑

Cost (2) 

The income and costs are derived from multiple sources, outlined in 
this section. The terms used within the equations are summarized at the 
end, in Table 5. The optimization uses a mixed integer linear program-
ming (MILP) method in GAMS. 

2.8.1. Income from surplus foodstuff processing 
The income is derived from the income of BSFL: 

Table 3 
Attributes of the different post-processors.  

Item Centralised Decentralized 

Dryer cost (£) 6200 2800 
Dryer lifetime (yrs) 5 5 
Dryer capacity (l/hr) 50 12 
Dryer power (kW) 86 21.3 
Sifter cost (£) 7000 1000 
Sifter lifetime (yrs) 5 5 
Sifter capacity (kgBSFL&frass/hr) 10,000 100 
Sifter power (kW) 3.7 0.18 
Container cost (£) N/A 3600 
Labour requirements 1 person 20 post-processors per person 
BCU served by unit All 3 
Fixed costs (£/week/unit) 63.9 35.7 
Operational costs (£/tBSFL&frass) 57.1 59.1  

Table 4 
Fixed weekly costs associated with running the headquarters.  

Item Cost 
(£/week) 

Further information (from business financial 
model) 

Rent 1260.38 Area: 6572 sqft, £10/sqft/year 
Labour 

(manager) 
1856.43 Salary: £68,953.00/year, 52 weeks and 5 days a 

week. Inclusive of national insurance and pension 
contributions. 

Labour (sales) 1856.43 Salary: £68,953.00/year, 52 weeks and 5 days a 
week. Inclusive of national insurance and pension 
contributions. 

Labour 
(admin) 

598.58 Salary: £22,233.00/year, 52 weeks and 5 days a 
week. Inclusive of national insurance and pension 
contributions. 

Business rates 771.35 £6.12/sqft/year 
Utilities 383.15 £3.04/sqft/year 
Water rates 45.23 2025.6 m3/year at £3.19/m3 

Insurance 76.71 £4000/year 
Cleaning 115.07 £500/month 
Misc. costs 176.05 £9180/year 
Total 7139.40   
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∑

i,n,s
xs(i, n, s) ⋅ Clpp(s)⋅Pl(s) (3)  

where xs(i, n, s) is the quantity x of surplus s moved from provider i to 
BCU site n, Clpp(s) is the mass of BSFL reared upon surplus s and Pl(s) is 
the value per unit mass of the BSFL reared on surplus s. 

The income generated from obtaining the surplus foodstuff is: 
∑

i,n,s
xs(i, n, s)⋅Ps(i) (4)  

where Ps(i) is the price per unit mass to obtain surplus foodstuff s from 
provider i. The price may be positive (an income) or negative (a cost). 

The final income stream is from the frass: 
∑

i,n,s
xs(i, n, s) ⋅ Cf (s)⋅Pf (5)  

where Cf (s) is the mass of frass obtained from unit mass of surplus 
foodstuff s and Pf is the value per unit mass of the frass. Due to lack of 
data, it is assumed that the frass has the same value regardless of surplus 
foodstuff from which it is derived. 

The quantity of surplus foodstuff taken is constrained by the total 
availability: 
∑

n
xs(i, n, s) ≤ As(i, s) (6)  

where As(i, s) is the availability of surplus foodstuff s from provider i. 
There is no hard constraint for the minimum mass of surplus foodstuff, 
which is collected from any given provider, as the model is free to choose 

to collect nothing from any given provider. However, the optimization is 
required to ensure that at least 50% of the available surplus foodstuffs 
are collected, and takes the form: 

∑

i
xs(i, n, s)⋅

(
DM + TWC

FCR

)

(7)  

where DM is the dry matter fractional mass of the BSFL, TWC is the 
target water content of the BSFL after post-processing, and FCR is the 
feed conversion ratio. In the case that live BSFL are the final product, 
DM+ TWC = 1. In the instance that they are dried the target water 
content is 10% (i.e. the BSFL are not completely dried, but have a much 
reduced water content for long term stability, similar to dried fruit). 

The minimum quantity of surplus foodstuff which may be taken to a 
BCU site is given as a fraction of the maximum capacity: 
∑

i,s
xs(i, n, s)≥FBCU ⋅A(n) (8)  

where A(n) is the capacity of the BCU at location n and FBCU is a fraction 
of that capacity. This was set to 70% of maximum capacity. There is no 
physical reason for this, but it would not make business sense to allow 
any BCU to run at too low a capacity. 

2.8.2. Costs of transport 
To transport the surplus foodstuff s from provider i to BCU location n, 

the following equation is used to calculate the total cost: 
∑

i,n
Et(i, n) ⋅ d(i, n)⋅Pts(i, n) (9)  

where d(i, n) is the distance between provider i and BCU location n, 
Pts(i, n) is the cost per kilometre for the transport. Et(i, n) is an existence 
variable which can have value of 0 or 1 and ensures that if substrate of 
non-zero mass is moved a non-zero distance, that the transport costs are 
included in the calculation. 

In the instance that the BSFL are post-processed to a dried form at the 
central facility, the transport cost is derived by: 
∑

i,n,s,j
xs(i, n, s) ⋅

(
Cl(s)+Cf (s)

)
⋅ Ptpp(n, j)⋅d(n, j) (10)  

where d(n, j) is the distance between BCU location n and the central 
facility j, Ptpp(n, j) is the transport cost per tonne.kilometre, and 
xs(i, n, s)⋅(Cl(s)+Cf (s)) is the total mass of BSFL and frass derived from a 
given mass of surplus. This contrasts with the cost of transport when the 
BSFL are post-processed decentrally, and only the dried BSFL are 
transported to the central facility and the cost is instead calculated by: 
∑

i,n,s,j
xs(i, n, s) ⋅ Clpp(s) ⋅ Ptpp(n, j)⋅d(n, j) (11)  

where xs(i, n, s)⋅Clpp(s) is the total mass of dried BSFL derived from a 
given mass of surplus s. 

2.8.3. Costs of surplus processing 
The costs are derived from a multitude of fixed and operational costs. 

Each BCU has a fixed cost associated with locating it at a site n, leading 
to a total cost of: 
∑

n
E(n)⋅Pd (12)  

where E(n) is the number of BCU at any given site n and Pd the fixed cost 
per BCU. There is also a cost per unit mass of surplus processed in a BCU: 
∑

i,n,s
xs(i, n, s)⋅Pb (13)  

where xs(i, n, s) is the mass of all surplus collected and Pb is the cost 

Table 5 
Terms used in the income, cost and constraint equations.  

Decision variables 

Materials transported between nodes i and n  xs(i,n) ∈ X(I,N)

Quantity of BCU at location n  E(N)

Supply chain and transportation parameter sets 
Substrate s ∈ S  Distance from 

locations i to n  
d(i,n) ∈ D(I,N)

Substrate location i ∈ I  Distance from 
locations n to j  

d(n, j) ∈ D(N, J)

BCU location n ∈ N  Transport existence 
variablea 

Et(I,N)

Central facility 
location 

j ∈ J    

Conversion parameters 
Mass fraction of alive 

BSFL 
Cl(S) Mass fraction of frass Cf (S)

Mass fraction of dried 
BSFL 

Clpp(S)

Cost and income parameters 
BSFL selling price Pl(S) Fixed cost per BCU Pd  

Substrate access costs Ps(I) Operating cost per 
BCU 

Pb  

Frass selling price Pf  Fixed cost of post- 
processing 

Pppc  

Substrate transport 
cost 

Pts(I,N) Operating cost of post- 
processing 

Pppo  

Transport cost to post- 
processing 

Ptpp(N,

J)
Number of post- 
processing unitsa 

Epp  

General capacity and fraction parameters 
Maximum surplus availability As(I,S) (Supply-driven) 
Maximum capacity of BCU 

location 
A(N) (Technology- 

limited) 
Filling fraction of BCU FBCU  (Business-limited) 
Fraction of each material in the 

substrate 
Fs  (Feeding regime- 

limited)  

a Not included in the decision variables as the model did not have a choice as 
to whether to include these factors. They are used for cost calculation purposes 
only. 
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required to process a unit mass of surplus s in a BCU. 

2.8.4. Costs of post-processing 
The fixed costs associated with decentralized post-processing are 

given by: 
∑

n
Epp(n)⋅Pppc(n) (14)  

where Epp(n) is the number of PPU per site n, and Pppc(n) is the cost per 
decentralized PPU. In contrast the centralized post-processing cost is 
given by Pppc(j). This is a single fixed cost of the equipment located at the 
central facility, and so does not require any scaling by the number of 
units, or sites used. 

The post-processing costs are sub-divided into centralized or 
decentralized cases. When centralized post-processing is used the cost to 
process a given mass of mixed BSFL and frass is given by: 
∑

i,n,s
xs(i, n, s) ⋅

(
Cl(s)+Cf (s)

)
⋅Pppo(j) (15)  

where Pppo(j) is the cost to post-process a unit mass of BSFL and frass at 
the central facility j. For the case of decentralized post-processing the 
operating cost becomes: 
∑

i,n,s
xs(i, n, s) ⋅

(
Cl(s)+Cf (s)

)
⋅Pppo(n) (16)  

where Pppo(n) is the cost to post-process a unit mass of BSFL and frass at 
each BCU location n. 

3. Results and discussion 

The results are presented here alongside relevant discussion. First the 
results of the comparison of the business models are presented, followed 
by the results from varying different parameters. 

3.1. Business models 

Fig. 2 shows the weekly income (black), costs (light grey) and margin 

(dark grey) of the business models (Alive & Local, Dried & Decentral and 
Dried & Central). More detail of the cost breakdown is shown in Fig. 3 
and numerical data in Table 6. The results show that the Alive & Local 
business model has a much greater potential for success than either of 
the other two: it is the only one which makes a profit at the selling price 
for BSFL as given in Table 1. Two factors contribute to this. Firstly, the 
cost of post-processing in the Alive & Local business model is lower, 
because water is not removed from the BSFL, which is energy intensive 
and hence costly. A similar importance of the drying process is found by 
Salomone et al. (2017). Secondly the estimated selling price of the end 
product is almost the same per tonne (£800/t alive and £819/t dried). 
This reflects the higher value that is placed upon the live BSFL by the 
market into which they sell compared to the dried BSFL and makes a 
good business case for supporting local circular economy models. The 
range in prices is wide between markets such as exotic pets and poultry 
(live) and dried whole (wild bird feed), therefore the effect of this is 
explored in Section 3.2. 

The results also show that the two dried larvae business models have 
very similar net costs. As shown in Table 6 the Dried & Decentral model 
has lower transport costs due to the lower mass of the BSFL transported 
after the post-processing. However, this is offset by an increased post- 
processing cost due to the greater amount of equipment used. The 
margin for both is very similar, with Dried & Central being marginally 
more successful than Dried & Decentral by £126 (-£5446 as opposed to 
-£5572 respectively). In all the business models, the transport is the 
smallest cost. This is due to the distributed and flexible nature of the 
BCU locations, meaning that transport between sites is minimized. 

3.2. Income from the BSFL 

The two dried BSFL business models show that it is not anticipated a 
profit will be made from the value to a mass feed manufacturer (£819/t). 
This is not surprising, as the price for insect meal is anticipated to be 
significantly greater at approximately 2500€/t (Ferrer Llagostera et al., 
2019), or £2110/t at conversion rates at time of writing. Therefore, 
Fig. 4 shows the main economic trends of income (squares), cost (tri-
angles) and margin (circles) for Dried & Decentral (black) and Dried & 

Fig. 2. Result of each scenario for BSFL rearing and sales on a weekly basis. Income (black), costs (light grey) and margin (dark grey) shown for each business model: 
Alive & Local, Dried & Decentral, and Dried & Central. 
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Central (red) business models for price steps of £100/t from the original 
£819/t. The results show that below £819/t the optimization shifts from 
a profit maximization to a loss minimization regime. The flat costs below 
£619/t are due to the optimization constraint that the minimum amount 
of BSFL produced is 50% of that possible from the available surplus. 
Therefore, the model has chosen to only produce the minimum allowed, 
and hence minimize costs. Above £819/t the costs are again flat because 
the optimization is processing all available SBG and does not need to add 
more BCU or labour above that required for processing at £819/t. 

The results in Fig. 4 show that break even occurs at approximately 
£1000/t. However, given that this study considers the business to be 
operating in a steady state, with no plans to invest or grow (hence make 
a profit), or with any loans to pay off, this is not a true reflection of the 
required price of the BSFL required for the business to operate. Such 
costs could be included in the optimization equations as a fixed cost. 

Given the presence of the inflection in the data close to the £819/t 
price, subsequent results presented in this paper are based upon a price 
of £1100/t. This allows the model to operate in a linear response regime 
and limit the effect of an inflection in understanding other trends. 

Fig. 3. Breakdown of costs by major categories. Transport (dark grey and bottom of column), BCU (light grey), post-processing (grey), labour (black) and 
HQ (hashed). 

Table 6 
Details of the three scenarios: Alive & Local, Dried & Decentral and Dried & 
Central.  

Data on a per week basis Alive & 
Local 

Dried & 
Decentral 

Dried & 
Central 

Income (£) 48,977 19,809 18,346 
Transport cost (£) 818 1300 655 
BCU cost (£) 8311 8438 7763 
Post-processing cost (£) 1051 6235 6375 
Labour cost (£) 1701 1965 1587 
Headquarters cost (£) 7139 7139 7139 
Margin (£) 29,957 − 5267 − 5173 
Mass of SBG processed (t) 107.1 108.0 100.0 
Number of BCU 31 32 29 
Number BCU locations 11 12 10 
Number post-processing 

units 
14 1 13  

Fig. 4. Main economic trends of the Dried & Decentral (black) and Dried & Central (red) business models. Income (squares), costs (triangles) and margin (circles) 
shown. See Section 2.1 for business model definitions. 
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Furthermore, given the price disparity between the initial selling price 
(£819/t) and those expected by other researchers ($2500/t) (Ferrer 
Llagostera et al., 2019), a price of £1100/t and above is a more realistic 
prospect. 

3.3. Gate fee and frass income 

All of the above results are based upon a cost neutral access to SBG 
and no income generated from frass sales, which might not be accurate. 
The 2019 WRAP report on gate fees for waste disposal indicates that 
anaerobic digestion receives on average £27/t of waste and in-vessel 
composting receives £46/t (Wrap, 2019). This implies that an income 
might be made from taking certain foodstuffs away for processing. But 
by contrast if the surplus is higher value, as in the case of SBG (see 
Section 3.6.2), then it may cost the case study business to access them. 
Likewise, the use of frass shows an increasing potential as a compost 
(Poveda, 2021) or crop and soil health promoter (Torgerson et al., 
2021), and as such has the potential to provide a further source of in-
come. However, at present the frass market is immature and small scale, 
and as such there are large variations in price (Joly, 2018). Therefore, 
Fig. 5 shows the effect of both gate fees and frass value upon the margin 
of the Dried & Central (black) and the Alive & Local (red) business 
models. The circles show the effect of a likely change in price of both 
gate fees and frass (i.e. both are simultaneously a cost, or an income). 
The squares represent an opposite change in price (e.g. if the gate fee is a 
cost of £50/t, the frass creates an income of £50/t). The position on the 
x-axis is indicative of the gate fee (positive is an income, negative is a 
cost). The results show the following:  

1) Both business models are more tolerant to the gate fees and frass 
income being opposite in sign. This is shown by the shallower 
gradient of the trends.  

2) Both business models are more susceptible to changes in gate fee 
than they are of frass price because mass of SBG processed is more 
than frass generated. Given that the amount of frass in this optimi-
zation model is probably greater than might be expected (see Section 
2.5), the price effect may be more marked than indicated here.  

3) Both business models are affected identically, shown by red and 
black lines overlaying each other. The only deviation from this (black 
circles between -£50/t and -£100/t), is due to the Dried & Central 
business model entering a cost minimization regime (see Fig. 4). 

Therefore, while it is worth pursuing an income stream from frass 

sales, the costs of SBG are more important to control. 

3.4. Feed conversion ratio 

In previous results the FCR was fixed at 1.75. However, this value can 
change depending on many factors, including the quality of the SBG, or 
the viability of the BSFL reared. Fig. 6 shows the sensitivity of the Dried 
& Central business model to factor changes in FCR. Fig. 7 shows the 
Alive & Local business model sensitivity to the same. Both graphs show 
the margin (black), income (red) and costs (blue) as a function of the 
FCR against the left-hand axis. The figures also show the total mass of 
SBG processed in tonnes (green, right-hand axis). 

Both models show that as FCR increases the income and margin 
decrease because of the reduced mass of BSFL produced per tonne SBG. 
Again, the Alive & Local business model is more resilient to changes in 
FCR than the Dried & Decentral model. Between an increase of FCR by a 
factor of 1.5–2, the Dried & Central business model moves from a profit 
maximizing regime to a cost minimizing regime. By contrast the Alive & 
Local business model does not change its operational model over the 
entire range of FCR change. Both sets of results show that the margins of 
both models are highly dependent on the FCR, but for the Dried & 
Central model the sensitivity to FCR variation is much greater. 

3.5. Transport cost & minimum BCU per location 

Fig. 8 shows the sensitivity of the Dried & Central (black) and the 
Alive & Local (red) to variation in transport cost (solid lines) and a 
minimum number of BCU allowed per location (dashed lines). Numer-
ical data can be found in Table S2. With regards to transport, the results 
show that the Dried & Central business model is more prone to volatility 
in the transport costs. This is because it has two stages of transport, to 
and from the BCU, whereas the Alive & Local model only need transport 
to the BCU. In addition, the Dried & Central model must compromise 
between where to place the BCU for transport at both sides, again 
something that the Alive & Local model need not consider. 

With respect to the minimum number of BCU per location, the results 
show resilience of both models. The Alive & Local model is virtually 
unaffected, whereas the Dried & Central model has a margin reduction 
to 0.67 that of the unlimited case. This is equivalent to a reduction in 
margin of £537 compared to an original margin of £1620. In context, this 
relates to a change in income of £26,911 to £27,450 for 0 BCU to 5 BCU 
minimum, and a change in costs of £25,922 to £26,367, over the same 
range. Given the larger incomes and costs, the change in margin in 

Fig. 5. Sensitivity of the Dried & Central (black) and Alive & Local (red) business models to change in gate fees and frass income. Results change in price in the same 
(circles) and opposite (squares) directions. See Section 2.1 for business model definitions. 
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absolute terms is rather small (approx. 2%). 

3.6. Further discussion 

The optimization-based DST presented here has been built upon a 
purely monetary value. However, there are instances in which the value 
of the BSFL and their ability to, in effect, recycle nutrients may be 
greater than this simple monetary value. 

3.6.1. Organic stream processing value 
The DST has shown that there is a potential business model in taking 

surplus SBG and turning them into a source of nutrition. But in principle 
the sources of surplus need not be limited to just SBG. It has already been 
shown that BSFL can process multiple organic materials, including 

wastes or manures (Lalander et al., 2019). The DST may be expanded to 
understand the potential of processing multiple mixed organic materials 
within a given locale. If the organic materials are surplus foodstuffs from 
the supply chain, then there is an opportunity to re-use the BSFL back 
within the supply chain (Bosch et al., 2019). Yet, even if the organic 
materials are wastes, the BSFL may be used for other outlets, for example 
base chemicals, such as chitin, or even biodiesel (e.g. Li et al., 2011). All 
the DST requires is the relative monetary values and costs of collecting 
and processing the organic materials, and the resulting BSFL and frass 
values. 

That said, it is worth noting that insect bioconversion is reliant upon 
the organic material which can be accessed for processing. The DST 
explored what quantities of SBG might be within the case study area, but 
it did not assess whether those SBG were truly accessible. Breweries may 

Fig. 6. Sensitivity of the Dried & Central business model to changes in feed conversion ratio. Margin (black), income (red), costs (blue) and mass of SBG processed 
(green, on righthand axis) shown as a function of factor change in FCR. See Section 2.1 for business model definitions. 

Fig. 7. Sensitivity of the Alive & Local business model to changes in feed conversion ratio. Margin (black), income (red), costs (blue) and mass of SBG processed 
(green, on righthand axis) shown as a function of factor change in FCR. See Section 2.1 for business model definitions. 
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already have in place an arrangement to dispose of their SBG, for 
example they can be fed to cattle (Leinonen et al., 2018). The case study 
BSFL business may need to consider the costs of accessing those SBG 
from each brewery in the area. 

3.6.2. BSFL value 
It has previously been shown that consumers have a greater will-

ingness to pay for local produce (Feldmann and Hamm, 2015) and more 
sustainably produced meats (Ferrer Llagostera et al., 2019). This has 
been reflected, in this study, in the value of the BSFL produced from the 
different business models. The value of the dried BSFL was based upon a 
price indicated by a mass feed manufacturer (£819/t), which was itself 
based upon the value for the amino acid balance within the BSFL meal to 
the feed manufacturer. By contrast, the value to a local poultry farmer 
was found to be £800/t for alive BSFL. Both prices are based upon values 
expressed by third parties to the case study business. 

However, in the case of the poultry farmer, the alive BSFL still 
contain a significant proportion of water. Hence the value per tonne of 
dry matter is much greater. This demonstrates the added value that the 
BSFL have to the poultry farmer who can market the meat and eggs the 
chickens produce as both soy free (the soy being replaced by BSFL), and 
that the BSFL are themselves reared on surplus foodstuffs which might 
otherwise have gone to waste. Because the farmer can attract a higher 
price for the produce sold, they are able to pay a higher price for the feed 
that allows them to achieve this. 

3.6.3. Circular economy value 
In the Alive & Local model, the best returns occur when transport 

distance is minimized. Therefore, the most effective use of the BCU is 
upon a site where there are surplus organic materials produced, and on 
which the BSFL and frass may be used. For example, some mixed pro-
duce farms may have the appropriate surplus organic materials and 
outlet for the BSFL. A case for the use of BSFL in such constrained sys-
tems is made by Shelomi (2020) as a means of dealing with organic 
waste produced on small Pacific islands. Such instances offer a 
compelling opportunity for both the site operator, who gets to tightly 
control nutrient flow within the site, and for the BCU operating com-
pany, who can support the BCU operation without the added concern of 
logistics to move feedstocks in, and BSFL and frass out. 

3.6.4. Limitations 
This study is a first attempt at optimizing the provision of surplus 

foodstuffs to BSFL for rearing, but there are several limitations to the 
study which further research can address. 

At the time of writing case study business did not have a fully 
working BCU. Therefore, data on the rearing processes was taken from 
experimental tests, or from literature. The efficiency of the rearing 
process is critical to the success of the business model. Of most impor-
tance is the FCR achieved on the SBG and the variation that might be 
present from one batch to the next. Therefore, a more accurate optimi-
zation may be made once real data from the BCU is obtained. 

Transport within the model was estimated using the haversine for-
mula and an assumption of an individual pick up for each BCU. A better 
solution would be to use a travelling salesman approach to optimize 
logistics. This required a layer of optimization atop the one used here 
and was beyond the scope of this study. 

Some of the prices and costs within the model were estimated. To 
create a more accurate model, these data need to be better quantified. 
For example, frass is assumed to be a cost neutral by-product of the BSFL 
rearing process. However, there is increasing evidence that frass has a 
value in its own right (Yildirim-Aksoy et al., 2020). This being the case, 
this potential revenue stream may be increasingly important to the 
company. 

Another cost which needs further development is that of the HQ. For 
this optimization it was assumed that staff numbers were fixed, and the 
rented building was large enough to accommodate the full-scale oper-
ation. This left a fixed burden of £7139 regardless of the number of BCU 
deployed. A finer model of how staffing, and buildings rent may change 
as a function of number of BCU would allow for a more resilient model, 
especially around the inflections where the model shifted from a profit 
maximizing to a loss minimizing regime. 

Finally, the optimization model did not allow for storage of food-
stuffs from one week to another. SBG have the potential to be stored if 
they are dried. But if used wet then there will be a limited shelf life 
before they are not effective. More study is required of the FCR as a 
function of SBG age in order to understand the ramifications of a delayed 
start to processing them using the BSFL. 

3.6.5. Next steps 
The case study business is building BCU for use in real-world 

Fig. 8. Relative sensitivity of the Dried & Central (black) and Alive & Local (red) business models to changes in transport cost (solid lines) and minimum number of 
BCU allowed per location (dashed lines). See Section 2.1 for business model definitions. 
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situations. Data from these will be used to better understand their per-
formance and improve the optimization process. This will in turn allow 
for the optimization to be further developed to allow manipulation of 
the substrate recipe from location to location. 

4. Conclusions 

A DST for the processing of surplus foodstuffs from the food supply 
chain into insect-based feeds has been developed for a case study BSFL 
bioconversion business in the South East UK. The case study business is 
developing small BSFL bioconversion units which may be located close 
to the source of surplus foodstuff production and therefore support a 
local circular economy. The quantities and locations of SBG, and po-
tential sites for BCU were identified. Three business models were eval-
uated: Alive & Local; Dried & Central; Dried & Decentral. The DST is 
built around an optimization routine in the GAMS software environ-
ment. It was used to inform where to source the SBG from, where to 
locate the BCU and which business model for the BSFL bioconversion 
might be most effective. 

It is found that the Alive & Local business model, in which the BSFL 
are used as live feed for nearby poultry farms, offers the most promising 
and resilient margins for the case study business. Furthermore, it is 
shown that the Dried business models are likely to make a loss at the 
current value of BSFL meal purchased by large scale fish feed manu-
facturers. The Dried models suffer from the combined issue of lower 
BSFL value and increased post-process drying costs. 

This study focused on one surplus foodstuff from the food supply 
chain, because the intended use for the BSFL is animal feed back in the 
food supply chain. However, it is possible to rear BSFL on much more 
diverse substrates, such as wastes or animal slurries, and the DST 
developed in this study can be used to help decide how best to source 
and process them. 

This work highlights the importance of understanding how insect 
bioconversion may sit within a given locale, and not to assume that it is 
always a viable option for surplus foodstuffs and waste processing. It 
further highlights how relations with local producers of surplus are 
going to be essential in accessing all the potential materials. Through 
tools such as this, the upscaling of insect bioconversion and the devel-
opment of a truly circular economy for nutritional value may be realised. 
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