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Glossary 
 

AFC: Agri-food cluster 

 

Agricultural Symbiosis (AS): Engagement of businesses within an agricultural region 
involving the exchange of materials, energy, water, and or by-products to collectively 
enhance their competitive advantage.  

 

Anchor tenant: Provider of critical mass to anchor commercial development. 

 

IFR: Integrated farming research 

 

Industrial Symbiosis (IS): Engagement of traditionally separate industries involving the 
physical exchange of materials, energy, water, and/or by-products to collectively enhance 
their competitive advantage.  

 

LGA: Local Government Area 

 

NVAP: Northern Valleys Agribusiness Project 

 

NVR: Northern Valleys Region 

 

SEG: Sustainable Engineering Group (Curtin University)  
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1. Executive Summary 
As part of the Northern Valleys Agribusiness Project (NVAP), the Sustainable Engineering 
Group (SEG) of Curtin University was asked through a research consultancy to investigate 
Industrial Symbiosis (IS) opportunities (physical exchange of materials, energy, water, or by-
products between industries) in the Northern Valleys agricultural production region, focusing 
on horticulture. Carrots, citrus, mangoes, and potatoes were the 4 focus crops selected for the 
initial research within the primary boundaries of the local government areas (LGAs) of 
Chittering, Dandaragan, Moora and Gingin. The primary research objective for SEG was to 
evaluate the potential for food by-product (‘waste’) development and IS synergies in the 
Northern Valleys Region (NVR). 

For the first stage of the research, a literature review was conducted via desktop-based 
research and preliminary informal discussions with contacts related to the carrot, citrus, 
mango and potato industries in the NVR region. The second stage of the research was 
conducted via a survey of carrot, citrus, and potato producers in the NVR, primarily through 
phone interviews via a questionnaire. Questions related to the production, waste, inputs and 
challenges for regional producers of carrots, citrus and potatoes. 

The estimated total annual production and waste volumes for carrots, citrus and potatoes in 
the NVR were; 

 Carrots: 145,600t production and 21,320t waste [figures are likely overestimated; WA 
production estimated at 120,000 tonnes, 2015-16], 

 Citrus: 14,470t production and 804t waste;  
 Potatoes: 8,400t production and 663t waste.  

In summary, for the 2 main carrot companies in the NVR, carrots rejected were either utilised 
as livestock feed for cattle or dumped, or processed through their own juicing facility with the 
resultant carrot pomace by-product being utilised as livestock feed for sheep. Waste citrus 
from the NVR were largely utilised via nutrient recycling back into the soil, as livestock feed, 
delivered or collected by other parties, or dumped on their own properties or in local landfill. 
Unmarketable potatoes were either utilised as feed for livestock; cattle, sheep and pigs were 
mentioned, or became waste potato discard piles. 

There is potential for “anchor tenants” in developing Agricultural Symbiosis (AS) regional 
synergies and wasted produce utilisation in the NVR. Similar to how shopping centres that 
are built around large stores which anchor the commercial development within, a single or 
few large industries could provide comparable critical mass for an IS network. Muchea and 
Bullsbrook could serve as anchor tenants in the NVR, as well as provide opportunities for 
synergies between other potential anchor tenants for a single or multiple crops. Potential 
tenants could be Sumich’s juicing facility for the NVR carrot industry, and Moora Citrus 
Packers, Taddei Orchards or AGRIFresh for the NVR citrus industry. No obvious anchor 
tenant for the NVR potato industry was identified in this study.  

Additionally, determining the capacity for the juicing facility for rejected carrots could 
provide a potential avenue for utilising waste produce from the other carrot producers in the 
NVR. Other opportunities for carrot waste in the NVR include pre-cut products and potential 
reuse as feedstock for insect biomass for aquaculture feed. The Fresh Produce Alliance, in 
Manjimup, could be an avenue for the NVR’s non-premium or waste citrus. For the NVR 
potato industry, tracking the flow of production and waste would be advantageous in 
determining possible points of consolidation and identify potential anchor tenants. It is 
possible that the current exchanges of waste potatoes for livestock feed in the NVR is 
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undervalued and investigating options for adding or enhancing value of these exchanges may 
aid in making them a more consistent and valuable avenue for reuse of unmarketable 
potatoes.  

The following recommendations are made:   

 Contact stakeholders of Muchea & Bullsbrook to determine their interest in becoming 
potential anchor tenant site for development of AS for the NVR. 

 Assess opportunities for synergies between NVR anchor tenants with a material flow 
analysis of NVR members.  

 Carrots:  
o Contact the Sumich Group and determine their interest for utilising their 

juicing facility as a potential anchor tenant site for the NVR carrot industry.  
o Contact Sumich Group and determine capacity of their juicing facility for 

unmarketable carrots produced by other players in the NVR.  
o Investigate opportunities in pre-cut carrot products. 
o Investigate carrot waste as feedstock for insect biomass for aquaculture feed.  

 Citrus:  
o Contact Moora Citrus, AGRIFresh and Taddei Orchards to determine their 

interest for utilising their packing facilities as potential anchor tenant sites for 
the NVR citrus industry.  

o Investigate potential capacity for Fresh Produce Alliance to take NVR non-
premium/waste citrus 

 Potatoes:  
o Investigate potential anchor tenants for development of unmarketable potatoes 

produced in the NVR.  
o Investigate options for adding value to existing potato waste exchanges in the 

NVR. 
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2. Introduction 
The Western Australian agri-food industry is a sophisticated and multifaceted industry which 
employs between 10-15% of the state population (Coriolis 2016c). The Wheatbelt region of 
Western Australia (WA) is one of the nine regions that comprises WA, and is further divided 
into five sub-regions; Avon, Central Coast, Central East, Central Midlands, and Wheatbelt 
South (Wheatbelt Development Commission 2017). Within those sub-regions, another 
unofficial region exists throughout the Central Coast and Central Midlands, the Northern 
Valleys.  

The Northern Valleys Region (NVR) is the conceptual branding endeavour for the region of 
valleys north of the Swan Valley – Perth, WA – as its own distinct region, unique from the 
Swan Valley and within the Wheatbelt region of WA. The NVR encompasses five local 
government areas (LGAs) in the aforementioned two Wheatbelt sub-regions; the Shires of 
Chittering, Dandaragan, Gingin, Moora, Victoria Plains, and additionally the City of Swan in 
the Perth metropolitan area (Northern Valleys News 2017). In terms of the Perth metropolitan 
LGA of the City of Swan, the suburb of Bullsbrook is the specific locality included within the 
NVR, so as not to be confused with the Swan Valley region.  

The Wheatbelt Development Commission’s economic strategy for the Central Coast sub-
region (RPS 2014), expanded the sub-region from the LGAs of Gingin and Dandaragan to 
include Coorow – in WA’s Mid-West Region – and Chittering. Whilst this does not provide a 
complete insight into the characteristics of the NVR, it is perhaps the closest analogy in 
providing regional characteristics for the NVR. The region is considered to have the potential 
for a multifunctional food processing precinct and leverage industrial ecology benefits from 
integrated infrastructure, and processing supply chain management (RPS 2014).  

Presently in the NVR, some volumes of non-premium graded horticultural produce is sold for 
decreased prices or sent for juicing, however, the majority is utilised for livestock feed or 
ploughed back into the soil (Prendergast, Garnett and Fitzgerald 2015). Although juicing non-
premium produce can provide some recoupment of costs, producers have reported that this is 
significantly below the cost of production (West Midlands Group Pty Ltd, personal 
communication April 27, 2017). The NVR also has ongoing horticultural management 
challenges, such as managing pests like stable fly, and more recently, tomato-potato psyllid 
for potato growers; and infrastructure issues, such as lack of three-phase power.  

The West Midlands Group’s Northern Valleys Agribusiness Project (NVAP), seeks to 
develop new commercial opportunities for agribusiness industry in the NVR, with a focus on 
horticulture. As part of the project, the Sustainable Engineering Group (SEG) of Curtin 
University, was asked to evaluate the Industrial Symbiosis benefits of the NVR production 
region. The initial research was conducted on 4 focus crops; carrots, citrus, mangoes, and 
potatoes, with the primary boundaries being the LGAs of Chittering, Dandaragan, Moora and 
Gingin. However later in the project, mangoes were dropped from this research as the waste 
volumes from the region were considered too small. The remit and research objectives for 
SEG as part of the project were as follows: 

 Adding value (process of changing or transforming a product to a more valuable 
state) to non-premium produce and reducing crop waste in the NVR; 

 Potential for food by-product development and Industrial Symbiosis (physical 
exchange of materials, energy, water, and/or by-products between industries) in the 
region. 
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3. Methodology 
For the first stage of the research project, a literature review was conducted via both desktop-
based research and utilising data obtained from informal interviews with contacts related to 
each crop industry in the NVR.  The production for carrots, citrus, mangoes and potatoes 
were reviewed from a regional, state, national, and an international perspective to provide an 
overview of each respective crops’ production at those four levels. Additionally, broad value 
adding options and activities for non-premium produce and agricultural food by-products 
were summarised. The concept of Industrial Symbiosis (IS) was introduced, and Agricultural 
Symbiosis (AS) was defined for the purposes of providing a more focused concept for 
primarily consolidated agribusiness regions like the Northern Valleys.  

The second stage of the research comprised a voluntary survey of carrot, citrus, and potato 
producers in the NVR and investigated the production, waste, inputs, and challenges for 
regional production of these crops. The survey was conducted primarily through phone 
interviews via a questionnaire (Appendix 10.1). Attempts were made to contact 17 
individuals and/or organisations with production in the NVR – mostly by phone – to organise 
an appointment for an interview over the phone or in-person over a two-week period. 
Responses from participants in the survey were transcribed during the interviews over a 
three-week period. 
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4. Literature Review 
4.1 Adding value 

The ability of growers to fully utilise their production can provide various benefits, including 
value-adding to their produce, such as fruit and vegetables which do not make first grade 
(Alonso 2011). The capacity to transform this produce into more diverse products can add 
value to that produce, and give growers increased commercial benefits. However, there are 
limitations for the production of value-added products. Some limitations identified by 
growers include; lack of resources for adding value to their produce, and lack of processing 
facilities for seconds – specifically commercial kitchens, which would be valuable for 
different growers in a specific area (Alonso 2011). Avenues for reducing food waste and 
reducing costs include alternative markets for imperfect produce (Devin and Richards 2016). 
A study by Devin and Richards (2016) mentioned some growers’ organisations suggesting 
processing, canning, or juicing as means to add or maintain value in imperfect produce.  

Investment in value-adding activities may need justification in terms of the cost-benefits of 
the activities (Alonso 2011). Additional impediments for the optimisation of a growers’ food 
production may include government requirements, such as sanitary regulations. In areas 
where there are sufficient volumes of a single, or a few, types of produce, there may be 
potential for small local processing firms to work with growers, or grower cooperatives to 
provide larger quantities of value-added products, which may be marketed to specialty food 
retailers. While farmers would earn less revenue in this context, they can sell their remaining 
non-premium produce without having to significantly invest their own resources in the 
marketing and promotion of the resultant value-added products (Alonso 2011).  

The findings from a preliminary study by Alonso and Northcote (2013) on the involvement of 
Australian farmers in value-adding activities illustrated many growers could gain benefit 
from the maximisation of their food production, especially in terms of wastage and the 
potential for adding value to produce which cannot be sold as premium product. Comments 
made by a significant number of respondents in the study established that farmers were 
reluctant to be involved in value-adding activities for various reasons, albeit all connected to 
the cost-benefits in some way. Other factors limiting the uptake of value-adding activities 
include legal compliance, and the perception of associated temporal and financial costs not 
providing significant benefits (Alonso and Northcote 2013). In attempting to promote value-
adding to Australian horticulturalists, there needs to be clear cost-benefit rationale, including 
low cost investment options, possibly through cooperative activities and available market; 
taking into account competition from imports, places emphasis on ongoing research to 
establish viability of value adding activities, including potential cost-saving strategies such as 
cooperative farming (Alonso and Northcote 2013). 

4.1.1 Adding value to food processing by-products 
Food manufacturing products is a form of value adding in itself, adding additional value to 
the flows of by-products produced in food & beverage manufacturing is another avenue for 
adding value to agri-food production. Cutaia et al. (2015) identified three avenues for adding 
value to flows of agricultural by-products; feed production, energy production, and compost 
production. The majority of literature for adding value to food manufacturing waste is 
seemingly limited to restricted examples and pilot-scale laboratory experiences, with only a 
few cases regarding economic and technical feasibility on existing full-scale studies 
(Mirabella, Castellani and Sala 2014). Food manufacturing waste needs further processing 
before reuse – implying a further processing step for imperfect produce – which indicates a 
high research and development cost. Subsequently, identifying and obtaining ‘high added-
value’ products are needed to justify the investment.  
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Adding value to agricultural by-products requires the involvement and collaboration of 
interested parties to enhance the economic potential of the businesses and to support the 
initial investment (Mirabella, Castellani and Sala 2014). This necessitates further studies to 
identify the amounts and types of wastes, the exploitation potential, and the geographic 
distribution of stakeholders – such as producers and potential purchasers. Feasibility studies 
are needed to classify the types and amounts of by-products the organisations which can 
utilise them. These studies are also needed to assess the sustainability for the recovery and 
reuse processes. Direct reuse practices are highly preferable in the context of lessening 
environmental impacts and improving economic feasibility (Mirabella, Castellani and Sala 
2014). A review of studies on food processing by-products, that could be relevant to the NVR 
focus crops; carrots, citrus, mangoes, and potatoes; identified from the review from 
Mirabella, Castellani, and Sala (2014) and own investigation for the purposes of this report, is 
summarised in Table 1. 
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Table 1. Studies on food processing by-products 

Crop Study Source 
Carrots Utilising carrot peels as raw material for production of antioxidant dietary fibre powder.  (Chantaro, Devahastin and Chiewchan 2008) 

Carrot pomace utilised as raw material for preparation of value added carrot based condensed milk product ‘gazrella’ (Indian 
sweetmeat). 

(Singh, Panesar and Nanda 2006) 

Cell wall particles (CWP) of carrot pomace in formulation of low-fat yoghurt. (McCann, Fabre and Day 2011) 
Effect of total DF rich carrot pomace powder on chemical, rheological, qualitative and sensory properties of wheat rolls. (Kohajdová, Karovičová and Jurasová 2012) 
Carrot pomace containing 50% carotenoids & important fibres could be utilised to develop value added products.  (Sharma et al. 2012) 
Potential for carrot waste biomass as sorbent in removing heavy metals from waste water. (Bhatti, Nasir and Hanif 2010) 
Nutritional content and antioxidant properties of carrot and beetroot pulp waste.  (Shyamala and Jamuna 2010) 
Pumpkin & carrot pomace powders as source of dietary fibre; effects on mixing properties of wheat flour dough and cookie 
quality.  

(Turksoy and Özkaya 2011) 

Citrus Lemon albedo and orange dietary fibre powder – added to dry-cured sausages to increase dietary fibre content.  (Fernández-López et al. 2004) 
Orange juice fibre by-products as fat replacer in ice cream. Orange fibre was promising alternative as fat replacer in ice cream.  (de Moraes Crizel et al. 2013) 
Orange pulp wash residue concentrate had low microbial count and has potential as natural sweetener in food and beverage 
industries. 

(Scordino et al. 2007) 

Citrus fruit by-products as cattle feed. May be useful for feedstuff in rations supporting growth and lactation in ruminants. (Bampidis and Robinson 2006) 
Orange peels recovery for cellulose extraction.  (Bicu and Mustata 2011) 
Potential usage (Citrus junos) as weed inhibitor and soil amendment.  (Kato-Noguchi and Tanaka 2004) 

Mangoes Combination of mango seed kernel extract and oil possible uses as natural antioxidant and antimicrobial in different kinds of 
food.  

(Abdalla et al. 2007) 

Mango peel powder as enhancer for nutritional quality of macaroni without affecting cooking, textural and sensory properties.  (Ajila et al. 2010) 
Peels powders and mango kernel powders potential source for functional food ingredients.  (Ashoush and Gadallah 2011) 

Potatoes Ethanol extracts of potato peel as natural antioxidant to prevent lipid and protein oxidation [retarding of oxidation in minced 
mackerel]. 

(Sabeena Farvin, Grejsen and Jacobsen 2012) 

Potato peel extracts retard lipid peroxidation of radiation-processed meat without affecting flavour.  (Kanatt et al. 2005) 
Potato waste a quantitatively important energy source in beef cattle diets.  (Nelson 2010) 

Misc. Fruit by-products presented higher bioactive content than respective fruit pulps.  (Da Silva et al. 2014) 
Review; potential of important by-products – citrus among others – processing as source of valuable compounds. (Djilas, Čanadanović-Brunet and Ćetković 

2009) 
Pectin extraction – including citrus peel – result in high-added value compounds such as pectins and pectic oligosaccharides. (Zykwinska et al. 2008) 
Fruit/vegetable processing by-products potential source of dietary fibre for food enrichment.  (Nawirska and Kwaśniewska 2005) 
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4.2 Agricultural Symbiosis 
Industrial symbiosis (IS) is characterised by the engagement of traditionally separate 
industries, involving the physical exchange of materials, energy, water, and/or by-products, to 
collectively enhance their competitive advantage (Chertow 2000). The usage of the term 
‘eco-industrial park’ has been used to describe organisations engaged in these exchanges, 
however, this does not suggest that these linkages are limited to the boundaries of a ‘park’ 
(Chertow 2000). The awareness and utilisation of IS has steadily increased over the last two 
decades, with IS also bearing great potential to lower businesses’ environmental impacts (Walls 
and Paquin 2015). The concepts of IS are also applicable to virtually any system (Alfaro and 
Miller 2014).  

Favourable geographic areas has led to the agglomeration of agribusinesses in these 
locations, characterised as agri-food clusters (AFCs) by Simboli, Taddeo, and Morgante 
(2015). The authors investigated the feasibility for adding value to auxiliary materials used in 
typical agronomic processes, in the Fucino Upland AFC in Italy. When there is a high 
volume and homogeneity of easily recyclable materials; such as plastic, paper, cardboard, 
metal, and wood; and a limited geographical extent enabling transport and waste-handling 
impacts to be reduced; the management of auxiliary materials is considered favourable. A 
small-medium sized enterprise specialising in the recovery and reuse of auxiliary material 
wastes could be beneficial to similar AFCs. Simboli, Taddeo, and Morgante (2015) suggested 
that industrialisation, which has been historically considered the source of ecological impacts 
in agricultural scenarios, was actually a prerequisite for the development of increased 
efficiency in waste management strategies in the Fucino Upland AFC.  

Mirabella, Castellani, and Sala (2014) reviewed the literature on ‘agri-industrial’ symbiosis 
and found the majority of literature on food waste recovery and IS in agrifood industry is 
seemingly limited to restricted examples and pilot-scale laboratory experiences, with only a 
few cases regarding economic and technical feasibility on existing full-scale studies. There is 
a lack of specific studies for logistical concerns of IS, such as case studies with characteristics 
and quantities of food wastes produced by an organisation, geographical distribution of other 
businesses that could benefit from those by-products etc. The authors considered the 
promotion of IS in the agri-food industry as only possible once available technologies and 
materials in terms of quality and quantity, are assessed. Another essential requisite for 
promoting industrial symbiosis amongst businesses was feasibility studies to classify the type 
and amount of by-products or wastes and to classify the industry or industrial activity which 
could utilise them.  

An ‘agro-industrial’ symbiosis system proposed in Brazil, although very specific to that 
region, could have analogues to other regions looking to implement their own IS frameworks 
in the agri-food industries. For this particular case study, the integration of industrial 
activities such as cattle raising, food agriculture and sugar cane cropping for fuels; could 
ensure beneficial economic, environmental, and social dividends for regional development 
(Ometto, Ramos and Lombardi 2007). With a life time of approximately 20 years, the 
investments needed to implement this Brazilian agro-industrial symbiosis system were 
projected to have an economical return period of 5 years.  

A modelling case study done for smallholder farms in Liberia, West Africa, utilised 
principles of IS and linked them with integrated farming research (IFR), to assess the 
feasibility of optimisation techniques to maximise output and minimise waste (Alfaro and 
Miller 2014). Results from the study suggested increased farm productivity and decreased 
wastes, and concluded that IS linked to IFR, could drive innovation for new technologies that 
can increase the productivity of farms.  
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The concept of IS in an agricultural context has been described by differing terminology in 
the literature. Smith, Nandwani, and Kankarla (2016) and Tedesco et al. (2017) used the term 
agricultural or agriculture symbiosis. The term agro-industrial symbiosis was utilised by 
Ometto, Ramos, and Lombardi (2007). Chertow (2000, 323) described a project involving the 
combination of industry and agriculture as an integrated bio-system, however this term seems 
to have become defunct in recent literature. Other definitions have included; agro-ecology 
system (Xiong et al. 2013), agri-industrial ecological park (Liu et al. 2015), agro-industrial 
park (Nuhoff-Isakhanyan et al. 2017), agribusiness parks (Broeze and Smeets 2010), 
ecological agricultural park (Zhang, Zhang and Li 2014), and high-efficiency agricultural 
park (Zhang et al. 2013; Qiao, Ma and Li 2014).  

Consequently, agricultural symbiosis (AS) can be characterised as the engagement of 
businesses within an agricultural region or AFC, involving the exchange of materials, energy, 
water, and or by-products, to collectively enhance their competitive advantage. This 
adaptation of the conventional IS definition will be used to describe and define IS for 
predominantly agricultural systems in this review, as well as incorporate the various 
agriculturally focused IS definitions found in the literature under one term.   

An example of AS implementation on a small scale, is the Montfort Boys Town Integrated 
Bio-system in Suva, Fiji (Chertow 2000, 323). This system utilises brewery waste was a 
substrate for mushroom growing, which breaks down the waste and creates a high-value pig 
feed. The waste that is then generated from the piggery is processed through an anaerobic 
digester, and the treated waste from this digested is transferred to fishponds where nutrient 
rich water spawns food for four trophic layers of fish. The subsequent waste from the 
fishpond is then utilised to create fertile soil for growing vegetables.  

As far as the literature is concerned, there are no AS frameworks specifically for AFCs such 
as the NVR, in Australia currently. However, the industrial symbiosis and regional synergy 
developments in the Kwinana Industrial Area can serve as an exemplar of what can be 
achieved. Despite being heavily focused on minerals processing, Kwinana competes on an 
international level in terms of industrial symbiosis implementation with a high number of 
diverse, complex and mature synergies (Van Beers et al. 2007). Once local stakeholders 
initially identify a particular synergy, as well as the industrial system being assessed properly, 
many more existing and potential avenues for symbioses are generally discovered (Van 
Berkel et al. 2009). 
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5. WA agri-food industry 
A series of reports by Coriolis (2016a, 2016c) assessed and made recommendations for the 
WA agrifood industry’s competitiveness, and market opportunities for the industry in Asia. 
Export ‘platforms’ from the WA agri-food industry are mainly grains, oilseeds, meat, and 
seafood, with other exports developing (Coriolis 2016c). Coriolis (2016c) suggested that it is 
necessary for WA’s exports further than cereals and oilseeds to become more export driven, 
and that ‘peer group’ countries; nations which are temperate and climatic peers to WA as 
defined by Coriolis (2016c, 15), have demonstrated that broad multi-platform growth is 
possible. Additionally, the need to scale smaller platforms to balance WA’s portfolio is 
expressed. Asia and the Middle East markets are considered to be want increasing quantities 
of products, with oilseeds, meat, processed foods, and dairy particularly emergent.  

These agrifood platforms vary substantially in average export values per kilogram and 
profitability (Coriolis 2016c). WA has a relatively small domestic market and growth will 
need to come from increasing exports (Coriolis 2016a). Additionally, there is demand by key 
markets for everything the WA agrifood industry produces everything. All ‘wealthy’, 
developed countries are high cost, with inefficient regulations, but this is not a cause for lack 
of competitiveness. Coriolis (2016c) considers inefficient operatives in insulated agrifood 
sectors as the cause for WA lack of competitiveness, and internationally competitive regions 
have (Coriolis 2016a);  

 Readily available resources to produce foods 
 World-class production systems (for WA to be globally competitive, it needs to 

have this) 
 Efficient primary wholesaling and primary processing 
 Efficient value-added processing 
 Range of accessible markets 

Large scale integrated agribusiness; growing, packing and shipping, are emerging in WA 
(Coriolis 2016a). Large scale operations attain greater yields, have lower costs and are more 
profitable. Achieving competitiveness requires WA’s yields to substantially increase. 
Improving WA’s agribusiness operational competitiveness will increase the efficiency of 
primary processing which will subsequently attract more value-added processing and 
strengthen the industry. Competitive regions will draw new successful entrants to the market 
in addition to global leaders (Coriolis 2016a). Presently, WA mostly exports ingredients with 
significant amounts of WA’s exports being utilised for food manufacturing facilities, wet 
markets or feedlots. Compared to WA, most other wealthy countries export ‘shelf-ready’ 
finished products with accompanying bar codes. Coriolis (2016a) maintains that value-
processing will be attracted to WA when it has attained lower cost inputs. Table 2 presents 
potentially relevant focus platforms for the NVR from Coriolis (2016c).  
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Table 2. NVR: potential focus platforms for the NVR from WA: 9 broad food & beverage platforms; adapted 
from Coriolis (2016c). 

Platform Description 
Beverages Liquids produced & packaged for human consumption 
Processed foods Highly processed & transformed foods, typically packaged 

& consumer-ready; also other foods that do not fit 
elsewhere 

Produce Fruits, vegetables & nuts produced from plants in 
horticulture 

Animal foods & feeds Animal fodder, animal feed preparations; excluding grains 
for animal foods 

 

The Coriolis (2016c) report on target market opportunities in Asia for WA premium products 
identified twenty premium high potential export growth opportunities at the intersection 
between market demand and production capability for WA premium produce (Coriolis 
2016c). Table 3 summaries the market demand from 24 high potential target markets for WA. 
The majority of WA’s current food and beverage exports go to Asia, the Middle East and 
Africa (Coriolis 2016c). Export growth is believed to be developing from a broad range of 
markets, with South/South East Asia highlighted for absolute growth and Sub-Saharan Africa 
in terms of their rate of growth. According to Coriolis (2016c), there is demand from Asia for 
four product classes, with the recommendation that organisations should focus on the latter 
three classes for defensible, profitable, and long-term business. 

 Raw materials; for their wet markets, farms and factories 
 Distinctive products; products it cannot or does not produce in quantity 
 Counter-seasonal; premium, fresh counter-seasonal produce 
 Status/provenance; branded, status products with provenance 

 

Table 3. 24 countries identified as high potential target markets for WA; adapted from Coriolis (2016c). 

Middle East South Asia E/SE Asia 
Bahrain India China 
Egypt Pakistan Hong Kong 
Israel Sri Lanka Indonesia 
Jordan  Japan 
Kuwait  Malaysia 
Lebanon  Philippines 
Oman  Singapore 
Qatar  South Korea 
Saudi Arabia  Taiwan 
United Arab Emirates (UAE)  Thailand 
  Vietnam 

 

WA’s competitive advantage for the agrifood industry has multiple foundations (Table 4), and 
the state’s competitive strategy has a good position against peer country competitors in 
certain areas of strength (Coriolis 2016c). WA scores low in terms of ‘cuisine styles/food 
culture’, food manufacturing scale, and low-cost labour; scores intermediately in efficient 
systems, food technology, and reputation; and scores high in terms of food safety, biosecurity 
strength, and the ‘clean and green’ category (Coriolis 2016c).  
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Table 4. WA's agrifood competitive advantage; adapted from Coriolis (2016c).  

Provenance 
1. Safety Modern, professional, trusted, well-regulated food industry 

producing safe food 
2. Clean & Green Modern country, temperate region, functional 

environmental regulations, picturesque scenery 
3. Quality Ability to produce high quality foods and beverages 
4. Location Closest, most easily accessible broad acre, rangelands and 

Mediterranean horticultural zone to Asia 
5. People/skills Has the people, educational system and experience needed 

to produce good food 
6. Story Needs to wrap its competitive advantage in clear, 

consistent and compelling story 

 

Promising market opportunities from Coriolis (2016c) which could be relevant to the NVR 
include alternative citrus juice with high brix, and fruit wraps (fruit leather) and similar 
processed fruit. Processed foods present a major opportunity for WA export growth to Asia, 
and WA can succeed with products that leverages WA’s abundant raw material vegetable 
ingredients, conforms with global mega-trends, technically complex to produce and has 
strong appeal to emergent middle-class consumers but are non-traditional Asian products 
(Coriolis 2016c). Table 5 summaries potentially relevant opportunities for the NVR from the 
Coriolis (2016c) report; “nes” refers to ‘not elsewhere specified’ in the context of the Coriolis 
(2016c) report. Currently, WA’s produce exports are focused on vegetables, however, WA 
has the potential to succeed in strategic export fruit and vegetable products to Asia under 
defined market conditions where WA has;  

 Clear seasonal window 
 Delivers ‘world-class quality’ 
 Efficient systems and sufficient scale 
 Differentiations in offer from Southern Hemisphere leaders; i.e. Chile, South Africa. 

 

Table 5. NVR: Possible opportunities and intersections; adapted from analysis by Coriolis (2016c). 

Tier 1 Tier 2 Tier 3 (scored well, but had 
product/analysis issues) 

Oranges Potatoes Frozen vegetable nes 
Mandarins Lemons  
 Limes  
 Other fruit frozen  
 Fruit & nuts provisionally preserved  
 Other fruit nes  
 Other dried fruit nes  
 Citrus fruit fresh or dried nes  

 

5.1 Carrots 

5.1.1 NVR carrot production 
According to the ABS (2012 as cited in RPS 2014, 25), the Central Coast Sub-Region – 
defined as the LGAs of Dandaragan, Gingin, Chittering, Coorow, and Moora - had a gross 
production value for carrots of $19.3 million, for the domestic and international markets in 
2011-12. Of this, the Shire of Gingin contributed $19.2 million for the same year, which 
comprised almost 55 per cent of the Wheatbelt’s total production (Wheatbelt Development 
Commission 2016), and 43 per cent of the total WA value (ABS 2012 as cited in RPS 2014).  
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Approximately of up to 30 per cent of carrots grown become waste, according to the Sumich 
Group, Australia’s largest carrot grower, which has farms in the NVR. In order to recoup 
some of the losses from the discarded carrots, Sumich built a juicing plant in Lancelin, in 
Gingin (Prendergast, Garnett and Fitzgerald 2015). Table 6 summarises an informal interview 
with a grower (personal communication May 17, 2017), producing carrots for international 
export near Gingin.  

 

Table 6. Summary of interview with carrot grower 

 

5.1.2 WA carrot production 
Approximately 112,000 tonnes of carrots were produced in WA for 2012-13, with around 
64,000 tonnes exported to sixteen countries from the state (McKay and Foord 2017). WA is 
responsible for 94 per cent of Australia’s carrot exports and is globally recognised for quality. 
The carrots for export industry has become WA’s largest vegetable sector, due to high 
mechanisation processes and favourable conditions for production (Wheatbelt Development 
Commission 2016). Carrot production in WA continues to trend towards more concentrated 
production, with businesses vertically integrating their operations for packaging their produce 
for export. The companies involved in exports from WA utilise scale and vertical integration 
and produce, grade, pack, and export their produce (McKay and Foord 2017). The current 
level of processing for export carrots in WA is at ‘washed and bagged’ products (Coriolis 
2016a). The potential wastage for WA carrot production, using the 2008 production figure of 
65,000 tonnes, equates to 13,000 tonnes for 20 per cent wastage and 26,000 tonnes for 40 per 
cent wastage (Brooksbank et al. 2014, 36). 

5.1.3 Australia carrot production 
Australia produces an average yield of 65 tonnes per hectare, which results in a total 
production of 300,000 tonnes of carrots annually when taking into account the 4,600 hectares 
used for production (Rogers 2013). Approximately 93,000 tonnes, 31 per cent of the national 
carrot production, becomes waste, which has an estimated value of $24 million.  

5.1.4 Global carrot production 
In 2013, the global production of carrots was over 37 million tonnes per year (World Carrot 
Museum 2017). With China accounting for 45 per cent of the world’s production, and the 
next two biggest producers, Uzbekistan and the Russian Federation, each produced 
approximately 4 per cent of the global share. Table 7 briefly summaries the approximate 
productions for the top ten carrot producing nations, as well as the comparative figure of 11.6 
million tonnes that the rest of the world combined produces. In 2013, China’s carrot exports 
were 591,000 tonnes. In comparison, Australia exported approximately 69,000 tonnes for the 
same year. 

 

 

Questions Answers 
How many tonnes do you produce annually? 1600 
How much is sold locally, and/or exported? All exported 
How much waste occurs pre-farm gate?  12-15% (192-240t tonnes)  
How much would be inedible waste? 2-4% (32-64 tonnes) 
What do you currently do with that waste?  Feed to livestock 
What are the associated costs for this waste? Loss of productivity 
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Table 7. Top 10 countries by total carrot production in 2013 (World Carrot Museum 2017)  

Rank & Country Approximate production (tonnes) 
1. China 16.9 million 
2. Uzbekistan 1.64 million  
3. Russian Federation 1.60 million 
4. United States of America 1.29 million 
5. Ukraine 930 thousand 
6. Poland  742 thousand 
7. United Kingdom 696 thousand 
8. Japan 600 thousand 
9. Germany 583 thousand 
10. Turkey 569 thousand 
Rest of the world 11.6 million 

 

5.2 Citrus 
5.2.1 NVR citrus production 
The production value for oranges and mandarins in the Wheatbelt was $6.68 million in 2011-
12 (Wheatbelt Development Commission 2016). According to the (RPS 2014) strategy for 
the Central Coast Sub-Region, the region produced a gross production value for citrus of $8.4 
million in 2011-12. Located within the Shires of Dandaragan and Moora, there are several 
large operations for citrus. With two of the major citrus companies, Moora Citrus being based 
around the town of Moora, and AGRIFresh in the Shire of Dandaragan. Within the Shire of 
Gingin there is also Odeum Farms (Coriolis 2016c, 171), Gingin Citrus, Taddei Orchards, 
and Westralian Fruits. Additionally, seven growers in Gingin – including aforementioned 
Gingin Citrus – have formed a co-operative, the Western Citrus Alliance. Table 8 provides a 
brief summary of the mentioned citrus agribusinesses with information available during the 
first stage of the project.  

 

Table 8. Major citrus growers & packers in the NVR (Coriolis 2016c) 

Organisation    Key products 
AGRIFresh 200ha citrus. 

Exports to China 
and SE Asia sine 
2015 

5000t; future 
15,000t; 
280ha 

Vertically integrated citrus & mango 
grower, packer and shipper; number 1 citrus 
grower in WA with two orchards; 280ha of 
citrus, 45ha of mango; two packing facilities 

Oranges, 
mandarins 

Gingin Citrus 30ha; expanding to 
37ha 

 Pesticide free citrus grower supplying 
Market City; recent venture into packing 
facilities with Mercer Mooney.  

Oranges, 
mandarins, 
lemons 

Moora Citrus 210ha, exports to 
China (1,000 tonnes 
in 2015) 

6,000 tonnes; 
future 
13,000t; 
210ha 

Citrus grower and packer; number 2 citrus 
grower in WA; 170,100 orange and 
mandarin trees; exports to China of 1,000t 
in 2015; 3 pack-houses, 4th planned 

Oranges, 
Mandarins 

Odeum Farms Grows mandarins 
and lemons on their 
200ha property in 
Gingin 

   

Taddei 
Orchards 

40,000 citrus trees; 
101 ha (including 
stone fruit) 

 Citrus grower and packer; packs for other 
growers as well as avocados and mangos; 
35,000 stone fruit trees, 40,000 citrus on 
101ha 

Mandarins, 
citrus 

Westralian 
Fruits 

120ha (including 
mango) 

 Citrus grower and packer; 6 orchards 
currently in production; approximately 
77,000 trees; for sale 

Oranges, 
Mandarins, 
Lemons 

Western 
Citrus Alliance 

    

 



20 
  

Moora Citrus has reported that almost 50 per cent of their grown fruit do not make food 
retailers’ premium grade due to blemishes. In order to recoup losses on these fruit, and to 
support their primary business, Moora Citrus was the first citrus producer in WA to start 
exporting viable volumes of their fruit to Hong Kong and China (West Midlands Group Pty 
Ltd, personal communication April 27, 2016). An informal discussion with Moora Citrus 
(personal communication, June 1, 2017), provided an insight into the current state of 
operations for the business and the NVR citrus industry. For their graded fruit, 1st grade fruit 
is where the profits come from, 2nd grade for breaking even, and 3rd grade for juicing which 
provides minor cost recovery. They have looked at donating their juicing fruit, but there are 
more associated costs, such as transport to and from the orchard. An option that allows the 
company to break even at juicing fruit would be attractive. There are concerns for the future 
of their juicing fruit as the Harvey Fresh juicing facility, for which their juicing fruit is sent to 
currently, is an aging facility. Additionally, Harvey Fresh was recently bought by Parmalat 
Australia. Juicing their third grade fruit is Moora Citrus’ current value adding activity, for 
further value adding operations in the region, such as food manufacturing, capital investment 
is a necessity.   

Informal discussions were also had with Gingin Citrus, who are converting their production 
to organic produce (personal communication June 1, 2017), and an independent citrus grower 
(personal communication June 6, 2017). For Gingin Citrus, major challenges for their 
production included environmental factors such as strong winds creating blemished fruit, 
water access issues and a drying climate, and fungus problems from native trees. 
Additionally, the potential of surrounding growers to impact their operations such as over-
spraying, costs of operations, access to agronomy assistance, oversupply of second grade 
fruit, and current price returns being financially unsustainable. For the future, they wish to 
see the Northern Valleys region and its subsequent development make horticulture 
sustainable for the region. For the independent citrus grower, the major challenges were costs 
of packaging and labour, and competition from imports from interstate and overseas, and 
larger local farms swamping the domestic market. Table 9 provides a summary of the 
aforementioned informal interviews.  
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Table 9. Informal interviews; NVR Citrus 

 Moora Citrus Gingin Citrus Independent citrus grower 
How many tonnes produced annually? 6,000t (2016). Will incrementally increase as 

tree maturity increases. 
900-1000t 45t all up.  

How much of that is sold locally and/or 
exported? 

70% domestic, 30% exported  All domestic.  Majority through agent. Small amounts on-
farm. Thirds (cracked etc.) some people want 
for free, i.e. salvage flesh from ugly fruit.  

How much waste occurs? 10% juicing fruit. Inedible fruits in very 
small amounts. Working together with Niela 
Citrus (packing).  

15% 5-6t on farm.  

How much inedible product?  Hard to measure, volumes not there.  35% seconds/thirds. (50% first grade) 65% first, 35% seconds. Thirds left on-
ground.  

What is currently done with waste?  Dependent on pack shed, sometimes goes to 
livestock, sometimes put in a hole 
somewhere, and occurs at pack shed, not 
orchard.  

150t in 2016, locked out from sending 
juicing fruit. That fruit went to waste.  

Raked and mulched to return nutrients back 
to soil and trees.  

Produce sold for further processing? Juicing fruit to Harvey Fresh, and Michael 
Brothers.  

Juicing previously. Less sheds, but bigger 
economies of scale.  

Unsure. Possibly seconds, mainly done 
through retailers. 

Vision for individual and the industry? Zero waste. Positive energy output  food 
&/or energy. Utilising everything. Consumer 
education  not just discarding by-products, 
but utilising the entire life cycle of the 
product.  

Infrastructure (Moora 80% offshore, 20% 
local). Packing for Citrus Alliance. WA 
Citrus maturing. Open up the industry. 
Organic growing (37ha), converting from 
conventional to organic. 3 years conversion 
to organic.  

Business as usual.   

Associated costs with current waste 
management? 

Needs follow-up. Minimal. Harvey Fresh not wanting their 
juicing fruit.  

Baits, and traps, spraying for fruit fly. Lost 
resources involved for production. Labour 
and water etc.  

Ideas for value-adding? Dehydrated products, working with other 
food artisans and food retailers (marketing 
and branding), keen to partner with 
likeminded businesses, activated juices (not 
at that stage yet).   

Organic conversion; increase bottom-line. 
Move away from the mainstream, 
supermarkets use composite bags only for 
organic, both firsts and seconds. 

Quality over quantity. Value-adding, time 
and labour costs are high. So, no ideas/wish 
to do value-adding activities. Already get 
good prices, generally.  

Existing arrangements with other 
organisations for waste reduction? 

Needs follow-up. 150t in 2016, locked out from sending 
juicing fruit. That fruit went to waste. 

No.  

Arrangements in terms of shared 
resources? 

Different pack sheds. Used AGRIFresh 
packing previously (but challenging, due to 
differing priorities).  

Not currently. Definitely considered for the 
future, i.e. Western Citrus Alliance.  

Share grader w/other family. Shared truck, 
and ‘spreader’.  
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5.2.2 WA citrus production 
Western Australia has a small, but increasing citrus industry with substantial new plantings 
(Coriolis 2016c). Of the estimated 1,560 ha of citrus in the state, navel and Valencia oranges, 
mandarin and grapefruit are predominant, there is however, some lemon, tangelo and lime. 
WA produces approximately 15,000 tonnes of citrus annually, with AGRIFresh and Moora 
Citrus being the largest producers, and producing an estimated 65 percent of the state’s citrus 
by volume (Coriolis 2016a, 240) 

The ‘Pathways to Competitiveness’ report provides a case study for WA’s citrus industry, 
with a focus on oranges and mandarins (Coriolis 2016a).  Western Australia represents 2 and 
3 per cent of Australian orange and mandarin production respectively (Coriolis 2016a). In 
terms of citrus yields nationally, WA is lagging behind, with South Australian and 
Queensland yields suggesting that tripling the yields should be an objective for the WA citrus 
industry. However, the maturity of WA’s citrus trees compared to those of other states is not 
accounted for. WA is considered to have sufficient and modern consolidation for the growing 
and packing sector, however, increasing throughput rather than more consolidation would 
provide increased sector competitiveness.  

Of WA’s citrus production 60 percent is comprised of oranges, and 20 percent of mandarins 
(Coriolis 2016c). WA has a number of citrus processors for juice, however, there is only one 
major processor that uses local fresh produce, Harvey Fresh (Coriolis 2016a). The other 
significant processors use concentrate sourced from elsewhere in Australia, or globally. 
Currently around 2,500 tonnes of WA citrus is sent for processing, with an estimated 
additional volume of 1,000 tonnes of processing grade citrus expected for the next 3 years (B. 
Walsh, personal communication July 5, 2017).   

The citrus industry is developing rapidly towards large integrated operations; growing, 
packing and shipping (Coriolis 2016a). However, increased throughput is necessary for 
attaining scale at the packing house level. Integrated and large scale operations allow 
increased investments in intellectual property and marketing development. WA does not have 
sufficient scale or low production structure to compete in the orange juice industry, and 
value-added sectors apart from juice are highly competitive and small (Coriolis 2016a). In 
terms of juicing processing, WA has large scale multinational beverage companies and small 
‘boutique’ fresh juice companies. However, WA only has one significant juice processor 
which utilises locally produced citrus, Harvey Fresh. Other beverage manufacturers source 
their concentrate from other states or internationally.  

5.2.3 Australia citrus production 
Generally, Australia’s harvesting seasons are May-October for Navel oranges, and 
September-April for Valencia oranges (Kim, Thompson and Penm 2010). Table 10 
summarises the citrus production by state in 2008, and Table 11 provides a break-down of the 
production of citrus types in Australia.  

 

Table 10. Production of citrus (ABS 2008, cited in Keogh, Mullins and Robinson 2010) 

 Total citrus production (tonnes) Total citrus – (hectares) 
New South Wales 264,315 5,296 
South Australia 184,998 2,617 
Victoria 101,213 1,791 
Queensland 86,061 1,845 
Western Australia 11,151 476 
Northern Territory  230 51 
Total 647,969 12,076 
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Table 11. Types of citrus produced in Australia (ABS 2008, cited in Keogh, Mullins and Robinson 2010) 

 Production (tonnes) % of total production 
Oranges 507,232 78 
Mandarins 75,135 12 
Lemons & limes 26,833 4 
Misc. citrus 26,192 4 
Grapefruit 12,576 4 
Total 647,968 100 

 

5.2.4 Global citrus production 
Internationally, citrus accounts for 16 percent of the fruit produce by volume, and is produced 
across the world (Coriolis 2016a). Nine of the citrus producers in Table 12 are in the 
Northern Hemisphere; Brazil being the exception. Table 13 compares Australian production 
to citrus producing peer groups adapted from Coriolis (2016c), and utilises 2013/14 
production estimates from FAO (2016).  

 

Table 12. Top 10 citrus producers globally; 2013/14 estimates (FAO 2016). 

Rank Country Production (thousand tonnes) 
1 China 29,567 
2 Brazil 18,966 
3 USA 9,394 
4 Mexico 7,503 
5 India 7,400 
6 Spain 6,512.6 
7 Iran 4,571 
8 Egypt 4,452.2 
9 Turkey 3,782 
10 Italy 3,250 

 

Table 13. Citrus production by peer groups to Australia. 

Country Production (thousand tonnes)  
South Africa 2635 
Morocco 2205 
Argentina 1692 
Greece 1203.3 
Algeria 568 
Israel 496 
Australia 484 
Chile 300 

 

5.3 Mangoes 
5.3.1 NVR mango production 
Mango production in the NVR is represented by the Southern Mangoes Alliance, which is 
composed of smaller growers, and the largest mango grower in the region, AGRIFresh. Table 
14 provides some insight into mango growing in the NVR, with unstructured interviews with 
2 mango growers (personal communication June 6, 2017). The main variety grown is 
Kensington Pride, which is generally harvested from mid-March to the end of April in the 
Gingin area (Government of Western Australia 2017a). Well managed and mature trees in 
cooler regions, such as the NVR, should bear six trays or 42kg of mangoes per tree, with 
higher planting densities giving less yields and smaller fruit per tree (Government of Western 
Australia 2017a).  
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Table 14. Mango informal interviews 

Questions Mango grower 1 Mango grower 2 
Annual production 2015; 35 tonnes. 2017; 7 tonnes 70 tonnes (in a ‘good’ year)  
How is it sold?  Majority through agent for domestic market, 

wholesale. Small amounts on-farm. ‘Thirds’ 
(i.e. cracked fruit) some people want for free; 
salvage mango flesh from ugly fruit.  

Agents sell fruit in Perth and surrounds. 
On-farm sales, utilise social media to 
attract customers to farm, and quality of 
fruit brings repeat customers.  

Waste 5%, thirds sold in tubs Previously when selling to Perth markets, 
40% waste. However, with current system 
of sales; negligible waste.  

Grading 1st & 2nd grade sold in trays. Thirds used for 
juicing. 

No grading. All edible fruit sold. However, 
used to grade for retailers in the past.  

Waste management ‘Fourth’ grades/fruit that really cannot be sold, 
put into pile (approx. 200kg)  

Very low waste. Even misshapen fruit 
utilised, such as chutney, by customers.  

Produce for 
processing? 

Thirds tubs potentially sold to juicers and 
restaurants 

Have been approached, but prices not 
feasible.  

Costs for current 
waste management 

Pest control, baits and traps, spraying for fruit 
fly. Lost resources, i.e. labour, water; associated 
with by-products not sold as 1st and 2nd grade.  

Minimal waste = minimal waste 
management costs.  

Ideas for value-
adding? 

Quality over quantity. Value-adding, time and 
labour costs high, thus no wish to be involved 
in further value adding activities 
Generally already get good price for their fruit. 
Mangoes harder to grow in this climate, but 
more worthwhile.  

- Dehydrated mangoes 
- Frozen mango pulp 
- Powdered mango 
- Mango ‘leather’ 
- Medicinal mango value-adding 

Existing arrangements 
with outside parties 
for waste? 

None.  None.  

Shared resources with 
other business?  

Previously shared grader, truck, and ‘spreader’.  None.  

 

5.3.2 WA mango production 
In WA, mangoes are commercially produced in the north from Kununurra to the south in 
Gingin. There is some mango production in the Perth region, however, this is generally for 
household consumption. Mango trees south of Carnarvon require different management 
practices as mango trees are susceptible to pseudomonas bacteria and frost (Government of 
Western Australia 2017b). For the mangoes grown commercially in ‘cooler’ areas, they are 
generally consolidated in Wanneroo, West Gingin, Gingin and Dandaragan (Government of 
Western Australia 2017a).  

5.3.3 Australia mango production 
Mangoes have become one of the major horticultural crops for Australia, with production 
experiencing significant growth other the last 15 years. However, it still remains relatively 
small compared to global production (Government of Western Australia 2017b). Australian 
production for mangoes was 66,087 tonnes in 2015; valued at $191 million (Hort Innovation 
2017b), 83% was fresh supply at 55,174 tonnes, 11% fresh export of 7,012 tonnes, and 6% 
for processing at 3,901 tonnes. Australia is a net exporter of fresh mangoes with current key 
markets being Hong Kong, New Zealand, Singapore, and the United Arab Emirates (Hort 
Innovation 2017b). Table 15 summarises contributions of the states to the national mango 
production.  
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Table 15. Australian mango production by state (Hort Innovation 2017b, 5) 

State Production 
NSW 1% 
VIC 1% 
WA 3% 
QLD 50% 
NT 45% 

 

5.3.4 Global mango production 
For the year 2013, 43,300,000 tonnes of mango was produced worldwide. Australia’s 
production for the same year was 54,090 tonnes, which is 0.1% of the global production 
(Hort Innovation 2017b). Consumer research conducted internationally suggested a global 
megatrend with a small but rapidly increasing demand for sustainability sourced mangoes, 
which could offer a potential nice of high-value mango product in select markets (Hort 
Innovation 2017b). Table 16 summaries the major producers by country and the total 
production in 2010 with the values represented in millions of tonnes.  

 

Table 16. World major mango producers in 2010 (FAOSTAT 2012 as cited in Mitra 2016). 

Country Production (million tonnes) 
India 16.34  
China 4.35 
Thailand 2.55 
Pakistan 1.78 
Mexico 1.63 
Indonesia 1.31 
Brazil 1.20 
Philippines 0.83 
Nigeria 0.79 
Egypt 0.51 
Peru 0.45 
Others 5.41 
Total 38.67 

 

5.4 Potatoes 
5.4.1 NVR potato production 
Gingin and Dandaragan are the main growing regions in the NVR. These regions are part of 
the ‘Northern’ Potato Growing Region of WA (PGAWA 2017). Table 17 summarises 
interviews with 2 growers who produce potatoes in the NVR (personal communications May 
17, 2017).  
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Table 17. Potato grower informal interviews 

Questions Potato grower 1 Potato grower 2 
Annual production 
(tonnes) 

1200 2000 

How is it sold?  Potatoes for processing to Beta Spuds and Supa 
Spud. Fresh potatoes to Perth metro and WA. Buyers 
may export interstate.  

50% seed potatoes for domestic 
market, some to eastern states. 50% 
fresh produce 

Waste 12-15% between farm and processing 7-8% between farm and wash 
pack-out 

Grading 2-4% inedible. 
For 1st and 2nd grade, supply and demand impacts 
grading; oversupply = stringent adherence for 
quality, undersupply – grading not as stringent.  

Only small amounts of inedible 
product.  

Waste management Feed to livestock Discard piles (away from growing 
area). Some years as free feed for 
livestock (pigs) 

Produce for processing? Potatoes for processing to Beta Spuds and Supa 
Spud. 

Good potatoes to Supa Spud. Seed 
potatoes to different growers.  

Costs for current waste 
management 

Loss of productivity None for discard piles on property.  

Ideas for value-adding? - Alcoholic beverages 
- Potato flour 
- Potato starch 
- Crisps and French fries industry already mature 
- Pharmaceuticals 
- Ready for consumption products, i.e. canning. 

- Would feed to livestock, but at 
certain times of year there is 
oversupply of feed such as this.  

Existing arrangements 
with outside parties for 
waste? 

None. - Livestock feed in 2016 
(specifically pigs), but given for 
free.  

Shared resources with 
other business?  

‘Borrowing of equipment’ from neighbours, sharing 
transport in certain circumstances etc. No official 
mechanisms.  

Borrowed agricultural machinery 
when initially starting up farm.  

 

5.4.2 WA potato production 
For potato production in WA, the Potato Growers Association of WA quotes nearly 100,000t 
per year, with approximately 50,000t of fresh produce and remainder distributed through the 
seed, processing and export sectors (PGAWA 2017). Fresh potato growing occurs in four 
distinct areas in WA; the Northern, Busselton/Marybrook, Myalup, and 
Manjumup/Pemberton regions. Additionally there is a dedicated seed growing region – 
Bornholm/Elleker/Young Siding (PGAWA 2017).  

5.4.3 Australia potato production 
Potatoes are the dominant vegetable crop and the largest vegetable category by volume (Hort 
Innovation 2017a). In the year ending June 2016, Australia produced 1,343,019 tonnes of 
potatoes, with 852,856 tonnes sent to processing (Hort Innovation 2016, 386). The majority 
of production occurs in South Australia and Tasmania. According to Coriolis (2016c) 
Tasmania is the only state which has attained ‘world class’ yields.  

For the year 2014/15, the total production was 1,332,769 tonnes, with 848,126 tonnes (64%) 
for processing, 461,622 tonnes fresh produce (34%), and 23,021 tonnes (2%) fresh export 
(Hort Innovation 2017c). Fresh exports increased in 2015/16 to 37,212 tonnes of fresh 
potatoes (Hort Innovation 2016, 388). The major production areas in Australia are the 
Riverlands and Murray region SA; North West region TAS; Gippsland region VIC; Riverina 
NSW; Lockyer Valley, Bundaberg, and Atherton Tablelands QLD; and Manjimup and Perth 
regions WA (Hort Innovation 2016, 386). Table 18 provides a by state production summary 
for potatoes in Australia.  
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Table 18. 2016/16 Potato production by state (Hort Innovation 2016, 388) 

State Production 
Tasmania 35% 
South Australia 33% 
Victoria 19% 
New South Wales 7% 
Queensland 3% 
Western Australia 3% 

 

5.4.4 Global potato production 
The production of potatoes globally was an estimated ~ 382 million tonnes in 2014 
(FAOSTAT 2017 in potatopro.com). Table 19 uses information from FAOSTAT (2015, as 
cited in World Potato Statistics  2017) and summarises the top ten potato producing nations 
worldwide. 

 

Table 19. Top ten potato producers 2013 (World Potato Statistics  2017) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Country Annual production (tonnes) 
1. China 95,987,500 
2. India 45,343,600 
3. Russia 30,199,100 
4. Ukraine 22,258,600 
5. US 19,843,900 
6. Germany 9,699,700 
7. Bangladesh 8,603,000 
8. France 6,975,000 
9. Netherlands 6,801,000 
10. Poland 6,334,200 
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6. NVR survey 
There were a total of 13 participants with 14 interviews conducted by crop, 12 over the phone 
and 2 in person. There were 3 interviews for carrots, 8 for citrus, and 3 for potatoes. The 
interviews were conducted using a questionnaire template (Appendix 10.1) of 19 questions. 
The questionnaire was divided into 5 sections; of key questions (7), production (4), waste (5), 
inputs (1), and challenges (2); with an invitation for miscellaneous discussion – 
supplementary comments or queries - at the end of the interview.  

 

6.1 Carrot survey 
There were 3 participants for this crop for the NVR (Table 20). CaR1 is a contract grower, 
CaR2 and CaR3 were respondents from the 2 large consolidated companies for carrots in the 
region; the Sumich Group and Center West Exports respectively. During miscellaneous 
discussion at the end of the interview, CaR2 clarified the situation for their graded out carrots 
through their juicing factory. Their facility has been in operation for approximately 18 
months, and they expected the facility to take between 4-5 months to reach maximum 
throughput for utilisation of their unmarketable carrots. They also mentioned having briefly 
investigated value add options for their juicing waste – carrot pomace – but did not consider 
any to be viable, in part due to issues with having to sterilise the waste stream. For discussion 
at the end of CaR3’s interview, the opportunity was taken to query CaR3 on the current 
situation of discussion between Center West Exports and Sumich for unmarketable carrots 
going through Sumich’s juicing facility, with the response being that although it has been 
discussed, nothing has transpired yet.  

 

Table 20. Carrot survey respondents 

Respondent Profile 
CaR1 Contract grower 
CaR2 Sumich; owns large farming operation: West Hill Farms 
CaR3  Center West Exports; owns large farming operation: Sun City Farms 

 

6.1.1 Key questions: Carrots 
All participants noted value adding to their carrot waste as the avenue for improving value 
from their current production. Finding and maintaining export markets, and sufficient water 
availability were mentioned as challenges for the NVR carrot industry supply chain. 
Cooperative purchasing of inputs for production generally does not occur, and 2 respondents 
do not see any opportunities for cooperative purchasing for carrot production in the region. 
However, one interviewee did consider there to be an opportunity in terms of the type and 
quantity of seed required for production. Respondents did not have any existing cooperative 
arrangements with other growers or organisations for shared resources. In addition, 
participants did not believe there to be any opportunities for input or waste exchanges.  

6.1.2 Production: Carrots 
CaR1 cited their total production as 1,600 tonnes annually, which is grown under contract. 
CaR2 was not willing to share specific figures on their production and associated waste due 
to being Commercial in Confidence, however they emphasised that figures in the public 
domain could be used. CaR3 quoted 800 tonnes a week as their total production. CaR1 
responded that 10% of their production was wasted produce (approximately 160t/yr.), and 
CaR2 cited between 100t to 300t a week.  
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6.1.3 Waste: Carrots 
Respondent CaR1 emphasised that the waste produce was not dealt with by the grower, but 
was graded and handled at the consolidated packing shed. CaR2 reiterated that their carrot 
by-product, in the form of pomace, became feed for their sheep whilst CaR3 cited most of 
their waste becoming cattle feed; but volumes that operators took were variable and 
dependent on season. Two of the participants replied affirmatively to whether wasted carrot 
produce was a significant problem for the industry and meriting the reuse of that waste. 
Conversely, CaR2 did not believe so, but did mention that in the long-term they were looking 
to buy waste carrots from the other large player in the region. Only CaR3 believed it would 
be valuable for the regional carrot industry to meet and collaborate together for industry 
development of their current unmarketable carrot production.  

6.1.4 Inputs: Carrots 
The main inputs for carrot production in the region were stated to be seed, fertiliser, and 
water, power for water pumping and cooling facilities, soil fumigants, and water.  

6.1.5 Challenges: Carrots 
For challenges of NVR carrot production, oversupply in the international carrot market 
(exports) was stated by CaR1, whilst CaR3 stated the challenges as a lack of water 
availability and one of their major markets being volatile due to the current political situation 
in that market. In terms of barriers for business development for NVR carrots, CaR1 stated 
the cost of infrastructure for facilities such as wash-packing. Labour was the number one 
issue the industry shares, and the impact of governmental regulations negatively impacting 
price competitiveness according to CaR2. CaR3 reiterated the availability of water in 
sufficient quantities as their barrier for business development in the region. 

 

6.2 Citrus survey 
There were 8 participants for this crop for the NVR (Table 21). Four of the respondents were 
from the Western Citrus Alliance. With one participant from Moora Citrus and AGRIFresh 
each interviewed. The remaining interviewees were independent growers in the region. 
During miscellaneous discussion, one of the participants expressed the need for any 
processors who might want that currently unutilised citrus fruit, to make themselves more 
known to growers. The same respondent, a smaller grower, also mentioned that they had tried 
to utilise their waste fruit in the past, but it was not a reliable way to reuse that fruit.    

 

Table 21. Citrus survey respondents 

Respondent Organisation 
CiR1 Western Citrus Alliance 
CiR2 Western Citrus Alliance 
CiR3 Independent 
CiR4 Moora Citrus 
CiR5 Western Citrus Alliance 
CiR6 AGRIFresh 
CiR7 Independent 
CiR8 Western Citrus Alliance 

 

6.2.1 Key questions: Citrus 
For the citrus industry survey, 3 respondents stated increasing yields, and improving their 1st 
grade fruit yields and minimising their lower grade fruit yields to get better value from their 
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current production. Additional mentions from the survey were improving consistency of 
production, obtaining better value from their lower grade fruit, improving orchard 
management costs, improving agronomy practices, striving for quality, returns and improved 
marketing for their produce. The responses for challenges for the supply chain of the NVR 
citrus production provided a plethora of challenges, such as:  

 Packing shed capacity; believed to be largely solved in the intermediate term due to 
launch of Moora Citrus Packers in Bindoon. 

o Long-term export capacity.  
 Availability of packing sheds 

o Limited options for packing the fruit 
o Availability of cooling facilities 

 Storage for exports and domestic wholesale 
 Regular feedback of market conditions (domestic market) 
 Oversupply of composite grade fruit (agronomy issue) 
 Getting to scale 
 Orchard management costs (i.e. labour) 
 Transparency of market demand 
 Alignment of agronomy practice on orchard to the market 
 Packing shed efficiency (i.e. labour) 
 Capital investment 
 Export logistics 
 Size of domestic market (small) 
 Packing sheds; potential ownership conflict 
 Two large orchards in the region not yet at maturity contributing to domestic market 

oversupply 
 Distance to market (dependent on location(s) of production in NVR) 
 RSM study: Reported significant shortfalls for packing facilities in the region 
 Postharvest management 
 Small grower difficulties; 

o Have to go through Canning Vale 
o Quality Assurance can be cost prohibitive 

 Labour (i.e. picking) 
 Popularity of citrus by consumers declining in comparison to other crops (i.e. 

avocadoes) 

 
The consensus for cooperative purchasing of inputs in the NVR currently was that it was 
primarily not occurring. One interviewee did believe it was occurring, mainly in terms of 
large power users negotiating better deals for their power usage, and with pack houses doing 
bulk purchasing; such as Niela Citrus and Moora Citrus. Another respondent mentioned they 
were doing so indirectly by buying packaging material from larger producers. When 
questioned on whether there were potential opportunities for cooperative purchasing, 7 
participants answered ‘Yes’, however one participant added the caveat that a cooperative 
experience may be less effective in the NVR, and would need to be a large enough 
cooperative endeavour for viable purchasing power. One respondent answered ‘No’ due to 
the number of growers in the region diminishing and that large growers make their own 
bargains. And 1 interviewee indicated that the current suppliers for material inputs provided a 
good competitive scenario; albeit opportunities for cooperative purchasing were probably still 
worth exploring. The possible opportunities indicated by the ‘Yes’ respondents were:  
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 Fertiliser 
 Labour 
 Agronomists 
 Power supply 

o A respondent mentioned they have been approached in regards to wind and 
solar capacity in the region to supply power to businesses at a cheaper rate.  

 Larger volume purchases in general 
 Field and crop care activities 
 Mulching and/or composting 
 Equipment 

For current arrangements with other growers or organisations in terms of shared resources, 4 
participants answered ‘No’, and 2 answered ‘Yes’. The remaining 2 interviewees implicated 
that it was somewhat occurring for their specific circumstances, but otherwise not.  

When asked if they saw any opportunities for input or waste exchanges for NVR production, 
4 respondents said ‘Yes’, however one participant noted that this came with caveats, to do 
with the seasonality of production, the challenges associated with minimal waste citrus, and 
the variable volumes of waste. Three interviewees answered ‘No’, with one grower stating 
that using livestock manure for citrus trees could be dangerous. One of the ‘No’ respondents 
answered that if there were opportunities for lower grade fruit then all the producers would be 
utilising them, and another participant added that opportunities for waste exchanges would 
only be available for the larger players in the industry. The remaining respondent answered 
that they were unsure of any opportunities. 

For the respondents that did believe there were opportunities for regional input or waste 
exchanges for citrus; the opportunities mentioned included:  

 Distributing unwanted fruit to food relief organisations, i.e. Foodbank 
 Utilising manure from livestock in the region as an input for production 
 Cooperatively leverage economies of scale 
 Unmarketable fruit as feed for livestock 
 Processed livestock manure; potentially in conjunction with hay or wheat waste, for 

fertiliser or compost 

For distributing unwanted fruit via food relief organisations, one of the participants 
specifically mentioned Foodbank as an opportunity for exchange. However, they added that 
this exchange is significantly at cost to themselves, for example Foodbank does not have the 
requisite packing materials and the respondent has to pay for packing bins which has 
associated costs with rent deposits after delivery. Two interviewees noted that investigating 
and identifying exchange opportunities would be an opportunity in itself. A respondent 
additionally stated that investigating whether identified opportunities could be done 
effectively in the region would be beneficial.  

6.2.2 Production: Citrus 
One of the respondents affiliated with the Western Citrus Alliance (WCA), provided an 
estimate for total production and waste values for the organisation of 3,000 and 100 tonnes 
per year respectively. Consequently, an estimate of the cumulative production and waste 
values for NVR citrus from the survey will utilise these values and not the specific values 
from specific WCA growers. Taking this into account, the total cumulative production and 
waste was an estimated 14,470 t/yr. and 804 t/yr. respectively.  
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6.2.3 Waste: Citrus 
In general, all of the composite or 2nd grade fruit does not get wasted. One interviewee 
clarified that all their lower grade fruit goes to market with all their composite grade produce 
being sold, and although their second grade only fruit gets sold as well, it is sometimes sold 
at a marginal loss in order to completely sell all the produce. For 3rd grade 
(juicing/processing) fruit; depending on the respondent, this fruit can be a potential waste 
product, most of it sent for juicing, or becomes wasted fruit. An interviewee explained that 
depending on the variability of the production and characteristics of the fruit (i.e. fruit size) 
by year, the cost recovery may not justify the inputs required for picking this fruit grade in 
the first place. Another participant mentioned it is more difficult to utilise all the 3rd grade 
fruit, though most is sent to a juicing factory. Two other respondents said their 3rd grade fruit, 
or juicing and processing quality fruit, is part of their citrus waste stream. One of these 
participants also mentioned that it had been 6 years since they had been able to sell any of 
their 3rd grade citrus to a certain WA company for juicing.  

Regarding what is done with the unutilised citrus; 3 interviewees recycle the nutrients of the 
waste fruit back into the soil. One of these participants mentioned that any waste at the 
packing shed would be distributed by the packing shed. Two respondents use it as feed for 
livestock – in these cases sheep and cattle were mentioned. One participants said they let the 
local wildlife eat any unpicked and/or waste fruit from their orchard. Another respondent 
mentioned that their unwanted produce was sometimes delivered or collected by neighbours 
and farmers or dumped on their property. Only one interviewee dumps their waste produce at 
their local landfill; transporting the waste to the local tip in 1-2t batches out of their 
approximately 20t/yr. citrus waste stream. There are no dumping costs from the rural local 
government, although this still costs the participant time, fuel and effort for the transportation 
and dumping of the unwanted produce. This respondent mentioned that they sometimes give 
this waste to their sheep, but only rarely.  

Five respondents answered ‘No’ when asked if they have any informal exchanges of waste 
citrus as an input for another organisation or industry. Two participants mentioned exchanges 
related to livestock, cattle feed lots and feed for local farmers’ sheep respectively. And one 
interviewee exchanges their unmarketable produce in a social capacity, namely sharing fruit 
with friends and family.  

When questioned on whether wasted citrus was a significant enough problem for the NVR 
citrus industry for prioritising the reuse of the produce, one respondent stated that it was not 
and 2 respondents answered that it was. For the latter, one participant believed there was 
merit for assessing creative options for adding value and processing of citrus waste. Another 
2 interviewees offered neutral responses ‘Don’t know’, with an interviewee mentioning that 
larger orchards may be able to do this but it comes down to costs and cost recovery. Of the 
remaining 3 participants, one replied that opportunities should be examined, and another 
believed citrus waste to be an opportunity rather than an issue due to their job as growers 
being to minimise waste where possible. Additionally, one respondent replied that ‘Yes’, it 
was a significant problem, but it was not necessarily a priority to reuse that waste, however 
having a facility to utilise that waste stream would be beneficial for producers. 

For the last question in this section of the questionnaire, two participants answered ‘Yes’ that 
it would be valuable for producers to meet and collaborate together as the Northern Valleys 
region to work on industry development for currently unmarketable citrus. One participant 
mentioned there was also a need for the NVR citrus industry to collaborate with other 
commodities in the region due to the inconsistent supply of citrus waste. Two respondents 
replied that they ‘Don’t know’ and another respondent answered that the general citrus 
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industry already collaborates and that citrus waste was not just a problem for the NVR citrus 
production region, as southern growers have the same issues. Two interviewees replied that 
this was already occurring, one interviewee clarified this was not specifically for waste but 
producers were always looking at methods to reduce or utilise the waste, with one participant 
specifically mentioning the Western Citrus Alliance as an example. Another respondent 
believed this collaboration could be of benefit, but was unsure small growers like themselves 
would be able to contribute.  

6.2.4 Inputs: Citrus 
The main inputs mentioned for citrus production in the NVR were fertiliser (all respondents), 
labour (6 respondents), water (5 respondents), and power usage (4 respondents). One 
participant mentioned compost and mulch in conjunction with fertiliser. For labour, an 
interviewee included management and packing as being of equal importance. For the 
responses related to water, one participant clarified that it was the associated pumping costs 
rather than the water itself which had cost as an input for production. Similarly, three 
respondents noted that power usage as an input was mostly due to the associated expense of 
pumping water. Two participants mentioned chemical use as an input, in conjunction with 
fertilisers. Additionally, two respondents mentioned packaging materials as an input. In 
addition to the aforementioned inputs, a number of inputs that were mentioned by at least one 
interviewee were land, trees, capital and equipment, time and effort, and freight.  

6.2.5 Challenges: Citrus 
Responses for what the main challenges for production, sales and marketing currently for the 
Northern Valleys production region were:  

 Economies of scale: 
o Input costs 
o Sales  
o Volumes 

 Quality & consistency  
 Salinity in irrigation water 
 Oversupply of composite grade fruit 
 Operational costs (on-farm)  
 Agronomy skills & experience 
 Financial management  
 Inherently high costs of production in Australia 
 Power 
 Water access 

o In areas where water is at significant depth; equals more expensive pumping 
 Wind management 
 Limited domestic market; necessitates investigating alternative markets 
 Actually getting the fruit sold 
 Markets for lower grade fruit 
 Competition: 

o Bulk commodity competition with other countries; need to value add as much 
as possible 

o Production costs compared to other crops, i.e. crops with higher returns per 
litre of water  

o Popularity of citrus fruit compared to other produce 
 Consumers not eating enough fruit 
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 Lack of consumer education on health benefits of eating fruit/citrus 
 Fruit fly cold treatments for export of WA citrus resulting in fruit quality suffering 
 Minimising costs of inputs where possible 

o Packaging 
o Cannot change costs for some inputs; i.e. labour 

 Low prices for fruit (low price returns) 
 Limited options for utilising fresh fruit 
 Market acceptance for different types and varieties of citrus fruit 
 Investment (i.e. Moora Citrus) 

And, in terms of barriers for business development for the Northern Valleys citrus industry, a 
range of barriers were mentioned:  

 Awareness of available opportunities; for collaboration, the region and the industry 
 Growers: 

o Willingness 
o Personalities 
o Enthusiasm 

 Players wanting to maintain their competitive advantage due to small market size 
(domestic) 

o Similar issue for value-adding development 
 Financial management skills 
 Access to capital 

o Capital necessary for viable business 
 Availability of experienced management: I.e. Irrigation, packing shed, and orchard 

managers.  
 Viable sales of current production necessary for future expansion 
 Water 

o Water quality declining due to salinity in some areas 
 Potential to negatively affect citrus yield 

o Licences; expansion of production 
o Water availability 

 Drivers: Necessity driving business development 
 Inherent costs for business development 

o Larger organisations can afford to invest more in business development 
 Infrastructure 
 Sound economic model 
 Costs vs returns very high  
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6.3 Potato survey 
There were 3 interviewees for this crop in the NVR. Two of the participants are growers, and 
the third participant is from a vertically integrated growing and packing business. In 
miscellaneous discussion with Respondent 2, they added that a regional brand for NVR 
produce would be developed in time. Miscellaneous discussion was also had with 
Respondent 1 and provided their additional thoughts on the NV potato industry, namely that 
waste is not a significant factor for the region. Respondent 1 cited water supply as a high 
priority for potato production, as well as market conditions and fluctuation. Respondent 1 
cited the largest issue for the industry is returns on their production, due to high input costs 
and low price returns.  

6.3.1 Key questions: Potatoes 
Two participants cited improved price returns to get better value from their current 
production. In the case of Respondent 1, this would be achieved by decreasing supply to raise 
prices a small amount as there is a current oversupply of Class 1 potatoes. Respondent 3 
believed the current price returns did not reflect the quality and yields achieved by growers. 
Increasing supply of Class 1 “smalls” for exports was also mentioned by Respondent 1 for 
increasing value of their production. And Respondent 2 cited market access – namely more 
direct access to the retail market – as a means to improve value in their production.  

The challenges mentioned by interviewees for the supply chain for potato production in the 
Northern Valleys were: 

 Coordination: 
o Volumes 
o Varieties 
o Size of the potatoes; 

 Of good quality 
 Water-use 
 Land-use 
 Access to 3-phase power 
 Pest and disease issues 
 Challenges inherent to summer planting/winter finishing potato crops 

o I.e. Reduced yields from winter storms 

All participants answered ‘No’ in regards to if cooperative purchasing of inputs was 
occurring for the potato industry in the region, and one participant added that they already 
buy their inputs in bulk directly at wholesale prices. Conversely, all interviewees replied 
‘Yes’ when asked if there were opportunities for cooperative purchasing for the industry in 
the NVR. The opportunities listed by respondents were chemicals and fertiliser, cooperative 
farm-style inputs, cooperative potato sales, and benefits from purchasing larger volumes. 
When queried on whether there were any existing cooperative arrangements with other 
growers or organisations for shared resources, all participants said ‘No’. Respondent 3 added 
‘Yes’ in terms of sharing information compared to physical resources.  

When asked if they saw any opportunities in terms of input or waste exchanges for NVR 
potato production, Respondent 1 answered that they sell waste potatoes for sheep which 
provides minor cost recovery and would like to that opportunity. Respondent 2 believed there 
was some value there, but of limited value as producers mainly produce raw product in bulk. 
And Respondent 3 answered that there could be opportunities. In the following question 
regarding what those opportunities were, Respondent 1 was interested in the continuation of 
their current exchange rather than more opportunities. Potato waste as a dietary supplement 
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for feed lots was cited by the second participant. Respondent 3 responded that livestock 
manure could be an opportunity, however, would be complicated due to the variability and 
quality of the waste, as well as variability in pricing, and local government position in regards 
to this manure for reasons such as stable fly management.  

6.3.2 Production: Potatoes 
The respondents’ cumulative production was 6,400t. However, Respondent 3 added that they 
will be decreasing this production to minimise risk due to the recent deregulation of the WA 
potato industry. Consequent annual waste volumes provided by participants was a cumulative 
annual waste figure of 513t. These waste values were based on percentage estimates or 
volume figure estimates provided by interviewees.  

6.3.3 Waste: Potatoes 
Unutilised waste potatoes are used as feed for sheep in the case of Respondent 1 and provides 
minor cost recovery. Waste potatoes are picked up by farmers between 110t/yr. to 120t/yr. 
consistently for Respondent 2. And Respondent 3 answered that unutilised potatoes are 
dumped or sold as feed for cattle, however the merchant(s) of their potatoes engage in these 
exchanges and ultimately receive any cost recovery from this; they do not receive any cost 
recovery for this produce.  

When queried on whether they thought wasted produce was a significant enough problem for 
the industry in the Northern Valleys and merited prioritising the reusing of that waste; 
Respondent 1 answered ‘No’, Respondent 2 affirmed that it is a significant problem and sales 
of this produce would be beneficial, and Respondent 3 reiterated they currently do not get 
cost recovery from their unmarketable potatoes if the merchants value adds or gets cost 
recovery from selling the produce. Regarding whether they thought it would be valuable to 
meet and collaborate as the NVR potato industry for the purposes of business or industry 
development for waste potatoes, Respondent 1 did not believe so and considered potato waste 
to not be a significant factor for the industry. Conversely, Respondent 2 answered ‘Yes’ and 
that it was a valuable industry initiative. And Respondent 3 answered that it would be 
valuable if there was a cost benefit to them.  

6.3.4 Inputs: Potatoes 
The main inputs that were described by participants for potato production in the region were: 

 Fertiliser (all respondents) 
o Largest input (R3) 

 Chemicals (all respondents) 
 Fuel/diesel 

o Supply chain input (R1) 
o Minor input (R3) 

 Seed potatoes (R1, R2) 
o Sourced from combination of their own production, and local production (R1) 

 Water (R1) 
 Labour (R2) 
 Infrastructure and machinery (R3) 

6.3.5 Challenges: Potatoes 
The main challenges for production, sales and marketing currently for the NV potato industry 
mentioned by interviewees were: 

 Quantity; producing the correct quantities 
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 Quality; producing good quality produce 
 Water management; careful water-use 
 Impacts of quarantine on market access 

o Halted interstate exports of potatoes from WA 
 I.e. TPP (tomato-potato psyllid) 

 Price returns discrepancy between winter potato yields of NVR and potato yields from 
southern WA production 

o NVR: Higher input costs and lower yields compared to southern growers 
 Same price return per hectare as southern growers 
 Price returns not reflective of northern grower conditions 

And the barriers for business development for the NVR potato industry cited by participants 
were: 

 Water supply  
 Labour 
 Good quality seed 
 Markets for exports and domestic sales 
 Size of the domestic market in WA 
 Pricing and returns to growers. 
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7. Discussion: NVR 
The estimated total waste produced in the NVR is 21,320t/yr. for carrots, 804t/yr. for citrus, 
and 663t/yr. for potatoes (Table 22). These estimates were derived from figures obtained 
during informal interviews, survey responses, and the public domain. The following sections 
7.1, 7.2, and 7.3 examines these values for carrots, citrus, and potatoes respectively, as well 
as summaries the scenario for that crop industry in the Northern Valleys.  

 

Table 22. NVR: Estimated total annual production & waste volumes 

Crop Sourced Production Waste 
Carrots  2 companies 145,600t 21,320t  
Citrus  5 respondents 14,470t  804t 
Potatoes  4 growers 8,400t  663t  

 

A review of options for adding value to food processing wastes by Mirabella, Castellani, and 
Sala (2014), found that these food manufacturing wastes needed additional processing prior 
to reuse. Additionally, these studies had limited examples and were primarily laboratory 
experiences with only a small number concerning the technical and financial viability at 
existing full-scale studies. Thus, adding value to food waste streams resulting from 
processing activities requires additional processing to obtain a value added product 
(Mirabella, Castellani and Sala 2014). The Northern Valleys, similarly to the rest of WA and 
Australia, deals primarily in minimally transformed commodity products. The implications 
for the Northern Valleys region are that alternative utilisation or value adding activities for 
non-premium and wasted produce requires a further processing step, and high research and 
development costs, in the absence of by-product streams from primary value added products. 
An additional consideration is the role of technology in adding value to current and resultant 
waste streams, and developing IS in the NVR. The use of novel technologies, such as the 
Fresh Produce Alliance’s High Pressure Processing machine in Manjimup, could provide a 
valuable experience that may be translated to the NVR scenario in the intermediate and long-
term.  

Industrial symbiosis is generally characterised as the engagement of traditionally separate 
industries exchanging physical materials, water, energy or by-products (Chertow 2000). 
Adapting the IS concept to a primarily consolidated agribusiness region which produces 
minimally transformed products, such as the NVR, poses inherent difficulties as there are 
limited opportunities for higher value reuse options, other than the conventional utilisation of 
non-premium or wasted produce that occurs in these regions; i.e. produce given for free or for 
minor cost recovery as livestock feed, used as green manure on-farm, or dumped. One of the 
evolutionary approaches for IS, the “anchor tenant” model, may have the potential to develop 
IS for the current NVR scenario. Comparable to shopping centres that are built around 
several large stores which act as an anchor for the commercial development within, a single 
or a few large industries could provide similar critical mass for an IS network (Chertow 
2000).  

The Wheatbelt Development Commission is focusing on the development of Muchea, 
Chittering, as a large industrial area, transport and logistics point for the region (D. 
Waterhouse, personal communication September 5, 2017). Additionally, in close proximity to 
Muchea; Bullsbrook, in the City of Swan, has similar characteristics. Muchea and Bullsbrook 
could serve as potential anchor tenants for AS in the NVR. However, in some cases it may be 
more viable to utilise existing or planned infrastructure for some crops or groups of crops. If 
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there is a case of multiple anchor tenants for the NVR, it may be worthwhile to investigate 
possible opportunities for synergies between potential anchor tenants to complement and add 
value to the development of non-premium carrots, citrus, potatoes and other by-products in 
the NVR.  

 

7.1 Discussion: Carrots 
According to their website, the Sumich owned West Hills Farm operation, Shire of Gingin, 
produces more than 2,000 tonnes of carrots per week (Sumich Group 2018). Sumich has 
reported that as much as 30 per cent of their carrot production becomes waste (Prendergast, 
Garnett and Fitzgerald 2015). Using these two figures to give an estimate of Sumich’s 
possible carrot waste volumes; at 30% wastage for 2,000 tonnes weekly production; 
approximately 600 tonnes of carrots a week will be wasted, or 31,200t/yr. For Center West 
Exports, utilising the weekly median figure of 200t of carrot waste provided by the 
respondent, works out to approximately 10,400t/yr. waste carrots. As Respondent 1 for 
carrots is a contract grower, their volumes were not added to the estimate as it is assumed 
their production is part of the total production figure for one of the consolidated companies. 
Figure 1 outlines the general scenario for the NVR carrot industry. The estimated production 
of carrot pomace from Sumich’s juicing facility assumed a 65% juice yield figure from 
carrots, adapted from the median point of 60-70% reported juice yields (Singh, Panesar and 
Nanda 2006). Additionally, this approximately 10,920t/yr. value assumes full throughput of 
Sumich’s rejected carrots at their juicing facility, which is currently still not operating at 
maximum throughput for their unmarketable produce. The estimated annual figures for 
production and waste for the carrot industry in the NVR is likely a significant overestimate as 
WA production was estimated at 120,000 tonnes in 2015-16 (DPIRD 2017). 
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Figure 1. Annual production & waste scenario for NVR carrots.  *Estimate for operations at maximum 
capacity.  

 

In the intermediate term, Sumich expects full throughput for their rejected carrots through 
their juicing operations in March or April 2018. Sumich reports that the resultant waste 
stream – carrot pomace – will be fully utilised by their livestock (sheep). Sumich do not see 
any promising avenues for further valorisation past this point. Center West Exports would 
like to gain more value from their production, specifically cost recovery for their 
unmarketable carrots from their primary production. Discussion between Center West 
Exports and Sumich have occurred in regards to buying graded out carrots, however there 
have been no tangible results from these discussions yet.  

The Sumich Group’s juicing facility in Lancelin, Gingin, could have the potential as an 
anchor tenant for the development of graded out carrots produced by other players in the 
NVR carrot industry. Additionally, Sumich has discussed with Center West Exports the 
potential purchasing of rejected carrots for their juicing operations in the long-term. 
However, further investigation is necessary on a possible timeline for rejected carrots from 
Center West Exports being exchanged to Sumich’s juicing operations. Similarly, 
investigating the capacity of Sumich’s facility for Center West Export’s rejected carrots in 
addition to their production is a necessity. However, if Sumich’s facility does have the 
capacity to take all rejected carrots from primary production in the NVR, there will be 
associated increases in production of carrot pomace. The consolidation of volumes of rejected 
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carrots and carrot pomace at this juicing facility could provide opportunities for developing 
further utilisation options, such as further value-added carrot based products. Studies for 
utilisation of carrot production by-products that were identified in the literature review could 
provide avenues for research and development anchored around Sumich’s juicing operations, 
such as:  

 Carrot peels: Raw material for production of antioxidant dietary fibre power 
(Chantaro, Devahastin and Chiewchan 2008). 

 Carrot pomace:  
o Raw material for preparation of a value added carrot based condensed milk 

product (Singh, Panesar and Nanda 2006). 
o Derived cell wall particles (CWP) in formulation of low-fat yoghurt (McCann, 

Fabre and Day 2011). 
o Effect of total dietary fibre rich carrot pomace powder on chemical, 

rheological, qualitative and sensory properties of wheat rolls (Kohajdová, 
Karovičová and Jurasová 2012). 

o Carrot pomace containing 50% carotenoids and important fibres could be 
used in development of value added products (Sharma et al. 2012). 

 Carrot waste: 
o Potential for carrot waste biomass as sorbent for removal of heavy metals 

from waste waters (Bhatti, Nasir and Hanif 2010).  

Another option for reducing wasted carrots in the region could be from ‘pre-cut’ bagged 
carrot products which would utilise traditionally ‘reject’ carrots. The Queensland produce 
company, Kalfresh Vegetables, invested $3 million and developed a range of branded pre-cut 
vegetable products such as carrot ‘shred’, and carrot ‘circles and sticks’ (Courtney 2016). The 
Coriolis (2016b) report regarding WA’s fresh carrot industry found a wide range of premium 
added value product characteristics from a multinational retailer perspective including pre-
cut/shredded, and ‘sticks/batons’ products among others. The Coriolis (2016b) report 
suggests pre-cut products as a high growth and high potential opportunity for WA carrot 
producers.  

Additionally, utilising vegetable waste streams for insect-based protein fish meals, such as 
from carrot production, could also be opportunity for the NVR in regards to existing and 
future aquaculture development in WA. This insect-based fish food offers a possible 
alternative as ingredients for fish meal in aquaculture, as carrots can be used to wholly or 
partly rear the main 3 insect species that have been studied; yellow mealworm (Tenebrio 
molitor), black solider fly (Hermetia illucens), and super worm (Zophobas morio) (Rogers, 
Ekman and Titley 2013, 114). Future Green Solutions is a WA business farming black soldier 
fly (Hermetia illucens), in Geraldton, by utilising vegetable waste (Medlen 2017). Contacting 
Future Green Solutions to investigate the scalability and benefits for the NVR carrot industry 
would be advantageous in determining feasibility of this avenue for the region’s carrot waste 
stream.    
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7.2 Discussion: Citrus 
The estimated total citrus production and waste value for the NVR was calculated using the 
figures from 5 participants. The total estimated annual production for the NVR citrus industry 
was 14,470t and total estimated annual waste was 804t. These figures represent the 
cumulative annual production and waste for the Western Citrus Alliance, Moora Citrus, 
AGRIFresh, and 2 independent respondents. Figure 2 presents the annual production and 
waste scenario for the 4 groups of participants in the NVR.  
 
 

 
Figure 2. Annual production & waste scenario for NVR citrus. 

 

Studies for utilisation of citrus production by-products that were identified in the literature 
review could provide avenues for research and development with an anchor tenant, such as: 

 Lemon albedo and orange dietary fibre powder supplement to increase dietary fibre 
content (specifically on dry-cured sausages for this study) (Fernández-López et al. 
2004). 

 Orange fibre as alternative to fat replacer in ice cream (de Moraes Crizel et al. 
2013).  

 Pigmented orange pulp wash residue; has potential as natural sweetener in food and 
beverage industries (Scordino et al. 2007).  
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 Citrus fruit by-products; possibly valuable component in rations to support growth 
and lactation in ruminants (Bampidis and Robinson 2006).  

 Recovering orange peels for extraction of cellulose (Bicu and Mustata 2011).  
 Potential use as a weed inhibitor and soil amendment (Citrus junos) (Kato-Noguchi 

and Tanaka 2004).  
 
Moora Citrus launched WA’s largest citrus packing facility in Bindoon, November 2017 
(Jose 2017). This packing shed, Moora Citrus Packers, could serve as a consolidation point 
for complementing and expanding the existing value-adding activities for the NVR citrus 
industry. Consequently, this facility may also be a potential anchor tenant for the 
development of utilisation options for non-premium and waste citrus fruit produced in the 
region. Additionally, in the context of variable and possibly insufficient volumes of non-
premium or waste citrus, the respondent from Moora Citrus has mentioned the need for the 
NVR citrus industry to collaborate with other crops for waste product development. Taddei 
Orchards (Western Citrus Alliance) and their packing facility in Gingin was also suggested as 
a possible anchor tenant for the purposes above (C. Brander, personal communication 
January 12, 2018), due to their centralised packing shed and as they are serving as the 
consolidation point for the citrus volumes produced by the Western Citrus Alliance. 
AGRIFresh was also recommended for consideration as a potential anchor tenant (C. 
Brander, personal communication February 15, 2018). The Fresh Produce Alliance’s 
processing facility, in Manjimup, albeit outside the NVR could also provide an avenue for the 
NVR’s non-premium grade citrus. However, the Fresh Produce Alliance is still in the product 
and marketing development stages, and thus capacity for the organisation to take NVR’s non-
premium or waste citrus still needs to be determined.  
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7.3 Discussion: Potatoes 
The production and waste figures of four potato growers were used to estimate cumulative 
total annual production. Three of the growers were from the NVR survey, and one producer 
was informally interviewed during the preliminary literature review. The total estimated 
annual production was 8,400t/yr. and 663t/yr. of waste. Figure 3 presents the annual 
production and waste scenario for these 4 potato growers in the NVR.  

 

 

Figure 3. Annual production & waste scenario for NVR potatoes. 

 

The NVR potato industry supplies winter production for the WA potato industry, which is 
primarily consolidated at the packing level in the Perth Metropolitan Region. There is no 
obvious location in the NVR which could serve as an anchor tenant for the NVR’s potato 
industry. Determining a possible anchor tenant for the NVR potato industry may necessitate 
tracking the flow of potato production in the NVR. However, it may be necessary to develop 
higher value reuse of waste potatoes with other anchor tenants in the NVR which have more 
critical mass or existing infrastructure, such as the potential anchor tenants identified in the 
previous discussion sections. It is also possible that tracking the flow of production of NVR 
potatoes may result in the identification of an anchor tenant outside the Northern Valleys 
region.  

Unmarketable potatoes which are currently used as livestock feed may be undervalued by 
both contributors and recipients of the waste potatoes. These exchanges provide minor or no 
cost recovery for NVR potato growers. Attributing a higher value or enhancing the value of 
the potatoes in these exchanges could provide a more attractive and thus consistent avenue 
for reuse of graded out potatoes. Furthermore, there are studies for utilisation of potato 
production by-products that were identified in the literature review which could provide 
avenues for research and development with an anchor tenant or for enhancing current potato 
waste exchanges, such as:  
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 Potato peels:  
o Ethanol extracts utilised as natural antioxidant to prevent lipid and protein 

oxidation; study examining retarding of oxidation in minced mackerel 
(Sabeena Farvin, Grejsen and Jacobsen 2012).  

o Extracts for retarding of lipid peroxidation of radiation-processed meat 
(Kanatt et al. 2005). 

 Potato waste as important energy source in beef cattle diets (Nelson 2010). 
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8. Conclusions: NVR 
The Wheatbelt Development Commission is focusing on development of Muchea, Chittering, 
as a large industrial area, transport and logistics hub. Contacting and collaborating with 
relevant stakeholders for the Muchea industrial area, for the purposes of establishing the area 
as an anchor tenant for the NVR, may aid in the development of agricultural symbiosis and 
regional synergies in the region for the focus crops in this report, as well as the Northern 
Valleys region as a whole. Bullsbrook, City of Swan, is in close proximity to Muchea and has 
similar characteristics. Muchea and Bullsbrook could be potential sites for anchoring 
industrial symbiosis activity for the NVR in its entirety, either as one distinct anchor tenant or 
separate anchor tenants. Additionally, investigating possible opportunities for synergies 
between potential anchor tenants may complement and add value to the development of the 
carrot, citrus and potato, and other agricultural by-product streams in the NVR. The role of 
novel technologies is another consideration for adding value and developing IS in the NVR, 
with experiences such as the Fresh Produce Alliance’s High Pressure Processing machine, 
Manjimup, providing valuable insight which may be applicable in the NVR context.   

8.1 Conclusions: Carrots 
The Sumich Group’s juicing facility in Lancelin, Gingin, could have the potential as an 
anchor tenant for the development of graded out carrots produced by other players in the 
NVR carrot industry. Determining the capacity of Sumich’s juicing facility for Center West 
Exports’ graded out carrots would be valuable for assessing the viability of utilising the 
surplus non-premium or unmarketable carrots grown in the region. Another opportunity that 
could be investigated is in pre-cut bagged carrot products, such as the Kalfresh (QLD) 
experience in carrot shred, circles and sticks using traditionally unmarketable carrots. Carrot 
by-products from this primary processing could also potentially be used in Sumich’s existing 
juicing facility. Additionally, there may be potential for regional carrot waste as a raw 
material for insect biomass for aquaculture feed such as Future Green Solutions in Geraldton, 
who are farming black soldier fly as animal feed.  

8.2 Conclusions: Citrus 
Moora Citrus’ launch of a packing facility in Bindoon, November 2017, has the potential to 
serve as a consolidation point for complementing and expanding existing citrus value-add 
activities in the Northern Valleys and WA. Additionally, this packing shed, Moora Citrus 
Packers, could provide an opportunity as an anchor tenant for the development of lower grade 
citrus fruit produced in the NVR. Taddei Orchards may also be a potential anchor tenant with 
their centralised packing facility in the Shire of Gingin, as well as AGRIFresh in Dandaragan. 
The Fresh Produce Alliance, although external to the NVR, is another possible avenue for the 
region’s non-premium grade citrus.  

8.3 Conclusions: Potatoes 
 The Northern Valleys potato industry has no obvious candidates for an anchor tenant in the 
region. The NVR supplies winter production for the WA potato industry, which is primarily 
consolidated at the packing level in the Perth Metropolitan Region. In order to determine 
possible anchor tenants, it may be necessary to track the flow and volumes of potato 
production from the NVR into the Perth metro area. There is a possible undervaluation for the 
potatoes which are currently utilised as livestock feed, from both the contributors and 
recipients of waste potatoes. Attributing a higher value or enhancing the value of the potatoes 
in these current exchanges could aid in increasing the consistency of these exchanges.   
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8. Recommendations for the Northern Valleys Region for 
Agricultural Symbiosis development.  

1. Contact relevant stakeholders of Muchea and determine interest for the area as a 
potential anchor tenant site for the development of agricultural symbiosis and regional 
synergies for the Northern Valleys region.  

a. Recommend same action for Bullsbrook. 
2. Assess opportunities for synergies between NVR anchor tenants with a material flow 

analysis of NVR members, i.e.:  
a. Primary regional agribusiness anchor tenant for agricultural symbiosis 

development. 
i. Muchea 

ii. Bullsbrook 
b. Crop specific anchor tenants 

i. Carrots: Sumich Group’s juicing factory, Lancelin. 
ii. Citrus: Moora Citrus Packer facility, Bindoon; and/or Taddei Orchards 

packing shed facility, Gingin.  

8.1 Recommendations: Carrots 
1. Contact the Sumich Group and discuss if they would be interested in participating as 

an anchor tenant in the region for the development of unmarketable carrots and carrot 
pomace utilisation through their juicing facility.  

2. Contact the Sumich Group and determine the capacity of their juicing facility to take 
Center West Exports’ unmarketable carrots in the intermediate to long-term. 

a. Additionally, determine the possible timeline for taking CWE’s graded out 
carrots.   

3. Investigate opportunities in pre-cut bagged carrot products: I.e. Kalfresh (QLD) 
experience. 

4. Investigate regional carrot waste as potential raw material for insect biomass as 
aquaculture feed. 

a. Contact Future Green Solutions in Geraldton: Primary business; farming black 
soldier fly (Hermetia illucens) as protein for animal feed. 

8.2 Recommendations: Citrus 
1. Contact Moora Citrus and discuss if they would be interested in participating as an 

anchor tenant in the region for the development of lower graded and reject citrus fruit 
utilisation through the Moora Citrus Packers facility in Bindoon.  

2. Contact Taddei Orchards and discuss if they would be interested in participating as an 
anchor tenant in the region for the development of lower graded and reject citrus fruit 
utilisation through their packing facility in the Shire of Gingin. 

3. Contact AGRIFresh and discuss if they would be interested in participating as an 
anchor tenant in the region for the development of lower graded and reject citrus fruit 
utilisation through their packing facilities.   

4. Investigate the potential capacity for Fresh Produce Alliance’s processing facility, 
Manjimup, to utilise non-premium grade and reject citrus from the Northern Valleys 
production region.  

8.3 Recommendations: Potatoes 
1. Investigate potential anchor tenants for developing the valorisation of waste potatoes 

produced in the Northern Valleys.  
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a. Recommend tracking the pathways of NVR potato production from farm to 
market in order to identify points of consolidation for NVR produced potatoes 
for the purposes of determining potential anchor tenants.  

2. Investigate options for adding value to existing potato by-product exchanges in the 
NVR. 

a. Investigate opportunities for adding value to unmarketable potatoes which are 
utilised as livestock feed for minor, or no cost recovery. 
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10.1 Questionnaire for NVR producers 
Key Questions 
1. How do you think you could get better value from your current production? 
2. What challenges are there for the supply chain of the Northern Valleys production?  
3.  For the Northern Valleys industry, is cooperative purchasing of inputs occurring & if so, what are they?  
4.  Are there opportunities – what are these opportunities – for cooperative purchasing for producers in the Northern Valleys? 
5. Do you currently have any cooperative arrangements with other growers or organisations in terms of shared resources?   
6. Do you see any opportunities in terms of input or waste exchanges for the Northern Valleys producers? 
7. If so, what are those opportunities? 
Production 
1. How much do you produce? (Total production regardless of quality) 
2. Of that production, how much is 1st grade? [Potatoes: Class 1 & Class 1 smalls] 
3. How much is 2nd grade? [Carrots: 2nd grade, 2nd grade small-medium, & 2nd grade small] [Citrus: Composite grade (1st & 2nd grade) & 2nd grade]  
-  [Citrus] How much is 3rd grade (juicing/processing) fruit?  
4. How much is graded-out/waste produce? 
Waste 
1. How much of your 2nd grade produce gets utilised? 
2. What happens to the un-utilised (waste) produce? 
3. Do you have any informal exchanges of waste produce as an input for another organisation or industry? 
4. Do you think wasted produce is a significant enough problem for the industry in the Northern Valleys – to merit prioritising the reuse of that waste? 
5. Do you think it would be valuable for you to meet & collaborate together as a region – the Northern Valleys production – to help work on industry/business development for produce 

waste? 
Inputs 
1. What are the main inputs for production? 
Challenges 
1. What are the main challenges for production, sales & marketing currently for the Northern Valleys production region? 
2. What are the barriers for business development for the Northern Valleys industry? 
Misc. discussion 

 


