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Disclaimer 

Following half a century of development of the plastics industry with hydrocarbons as the feedstock, there is now 
renewed interest in using carbohydrates as the feedstock, mainly because of concerns about emissions and 
declining levels of non-renewable resources. Much of the viability of bioplastics depends on the price and 
expected price of oil, gas and naptha, which are used as the feedstock in petrochemical plastics plants.  

Predictions about when bioplastics might emerge to make a significant contribution to overall plastics production, 
and in what form and with what material, are subject to high levels of uncertainty. Increased funding for research 
into ways of improving the efficiency of traditional plastics adds to this uncertainty. This report aims to present an 
accurate picture of the situation and outlook for bioplastics made from potato. We were constrained by access to 
reliable data about different bioplastics technologies, and we invariably rely on claims by the owners of patents 
and technologies. 

The report aims to present an accurate picture of the situation and outlook for bioplastics and associated 
products, but in an industry in which there is considerable research into developing new technologies, it is 
important to recognise that data can quickly become outdated.  

We also used a number of publications from other research to improve our understanding of particular 
developments and while we took care to ensure the authenticity of the publications, we are not responsible for 
their errors and omissions, if any. 
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Foreword 
This research report deals with bioplastics and the potential it has for the Australian potato industry. 
The Australian potato industry is an important part of the Australian horticultural industry. To date, 
the industry has focused on providing potatoes for the fresh and processed food sector. But the 
production of potatoes for industrial purposes is an important subsector in some countries, especially 
in Western Europe, and it may offer an expansion possibility for Australia. There is growing interest 
in increasing the share of agricultural crops in the production of industrial materials, including plastics 
and chemicals, because of concerns about hydrocarbon fuel supplies and GHG emissions.  

This project is supported by the Australian Potato Industry Advisory Committee, Horticulture 
Australia (HA), and the Federal Government, to give more impetus to industry development and 
technology transfer.  

This report is an addition to HA’s diverse range of research publications and forms part of our Potato 
Industry’s Research and Development (R&D) program, which aims to meet the needs of potato 
customers, increase profitability and maintain a sustainable and environmentally friendly industry. 
Identifying new market opportunities and industry development are key strategies for achieving the 
goals of the Australian potato industry.  

Further information about our communications plans and publications for the Australian potato 
industry are available through our website, www.horticulture.com.au 
Jonathan Eccles and John Oakeshott 

Horticulture Australia 
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Abbreviations and Glossary 
Amylose One of two polysaccharides that affect much of the processing performance of 

starch and its suitability for different applications. Amylose has a linear structure. 
These polysaccharides are made up of glucose monomers. The structure of 
different starches varies and can be manipulated with plant-breeding technology 
and this can influence their use and value in further processing, including uses 
such as bioplastics.  

Amylopectin The second of the two polysaccharides that affect processing performance of 
starch and its suitability for different applications. Amylopectin has a branched 
structure. 

Bioplastic Plastic made from renewable resources and renewable feedstocks, but which may 
or may not be biodegradable 

Biodegradable 
Plastic 

Plastic made from either renewable or non-renewable resources and which 
degrades in certain conditions by a certain time. 

Compostability Compostable materials are capable of undergoing biological decomposition in a 
compost site, to the extent that they are not visually distinguishable, and break 
down to carbon dioxide, water, inorganic compounds, and biomass, at a rate 
consistent with known compostable materials (e.g. cellulose). More information 
on this may be obtained from the Australian Government Department of 
Environment and Heritage. 

Cassava A perennial woody shrub with an edible root. Grows in tropical and subtropical 
areas. Also named manioc and mandioca.  

Crantz A perennial woody shrub with an edible root, which grows in tropical and 
subtropical areas of the world. It is drought-tolerant, and tolerates soils of low 
fertility. It can be stored in the ground for extended periods, which is an 
advantage for starch processors. 

Crystallinity A property of materials characterised by highly ordered molecular structures. 

Cultivar Plant variety 

Dextrin Starch hydrolysis products produced in a dry-roasting process using starch, or 
starch with acid catalysts. Characterised by good solubility in water to produce 
stable viscosities. 

DNA Deoxyribonucleic acid 

Enzyme Chemical substance produced by bacteria or fungi and which promote and 
catylyze specific chemical reactions. 

Gelatinization Irreversible swelling of starch granules under the influence or heat and/or 
chemical in an aqueous medium to produce a starch paste. Gelatinization 
temperature is the temperature at which the starch forms into a paste. 

GM Genetically modified 

GMO Genetically modified organism, often associated with gene splicing, addition of 
new genes to an organism, or changing or relocation living cells. More 
elaborately, it is seen as an organism with genetic modification that could not be 
achieved by natural recombinations.  

High amylose 
starch 

Typically contain more than 50 per cent amylose. Highly crystalline and require 
high cooking temperatures to achieve full gelatinisation. Recognised for their 
strong film-forming and gelling capacity. 

High-
amylopectin 

Waxy starch 
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starch 

HDPE High-density polyethylene 

Hydrophilic The affinity of a product to water. Carbohydrates and starch are naturally 
hydrophilic. 

LCA Life-cycle assessment 

LLDPE Linear low density polyethylene 

Modified starch Starch treated physically or chemically to improve functionality. Usually 
undertaken with waxy starch. 

Native starch Starch extracted in its original, unmodified form, as distinct from starch which has 
been physically or chemically modified. 

MPI Max Planck Institut 

OTGR Office of the Gene Technology Regulator 

PCL Poly(e)caprolactone 

PE Polyethylene 

PHA Polyhydroxyalkanoate, a polyester produced by bacteria. 

PHB Poly-3-hydroxybutyrate, the most common PHA. 

PHBV Polyhydroxybuterate-co-hydroxyvalerate 

PHV Poly-3-hydroxyvalerate 

PLA Polylactic acid 

PP Polypropylene 

Pregelatinised 
(instant or 
precooked) starch 

Starch that has been gelatinised and roll-dried by the manufacturer before sale in 
powder form. Used for instant food mixes and industrial applications, including 
adhesives, where it may have chemical additives. 

PS Polystyrene 

PVA Polyvinyl alcohol 

PVC Polyvinylchloride 

Starch Carbohydrate polymer, consisting of linked glucose units of linear structure 
(amylose) or branched structure (amylopectin). 

Tapioca Starch from the root of cassava. Widely used as a substitute for wheat flour in 
regions where cassava is grown. 

Viscosity Resistance of liquids to flow, shear or agitation. 

Waxy starch Starch containing only amylopectin, recognised for solution stability. 

For further definitions on starch refer to the food starch dictionary (http://www.foodstarch.com/) or the 
Starch Institute’s glossary (http://www.starch.dk/isi/starch/glosary.htm); for further definitions on 
degradable plastics refer to the Australian Government Department of Environment and Heritage 
(http://www.deh.gov.au/ and follow the links to the Glossary). Other reports and definitions on 
bioplastics are to be found at Wondu’s bookstore: http://www.wondu.com/ (then follow links to the 
bookstore and sub-category on technology) 



vi 

Contents 
Foreword ................................................................................................................................................. ii 

Acknowledgments .................................................................................................................................. iii 

Abbreviations and Glossary ................................................................................................................... iv 

Tables, Figures, Charts and Case Studies............................................................................................. viii 

Executive Summary ............................................................................................................................... ix 
Media summary.................................................................................................................................. ix 
Technical summary ............................................................................................................................. x 

1. Introduction ......................................................................................................................................... 1 
1.1 Research objectives ....................................................................................................................... 1 
1.2 Research strategy and methods ..................................................................................................... 1 
1.3 Outcomes and scope...................................................................................................................... 1 
1.4 Definitions and distinctions between bioplastics and biodegradable plastics ............................... 2 

2. Bioplastics from Potatoes:  Technical Issues and Supply Chains ....................................................... 3 
2.1 Polymer and starch molecules ....................................................................................................... 4 
2.2 Applications and use ..................................................................................................................... 5 
2.3 Technology and methods of production........................................................................................ 6 

3. The Market Situation, Outlook and Competitive Profile of Bioplastics ........................................... 16 
3.1 The market size and growth trends.............................................................................................. 16 
3.2 Market segments.......................................................................................................................... 17 
3.3 Feedstock material segments....................................................................................................... 19 
3.4 Processing methods ..................................................................................................................... 19 
3.5 Market drivers ............................................................................................................................. 19 
3.6 Market practices and branding .................................................................................................... 20 
3.7 Marketing structure and distribution channels ............................................................................ 20 
3.8 Marketing strategy....................................................................................................................... 21 
3.9 Marketing gaps and position for new entrants ............................................................................ 24 

4. Situation and Outlook for an Australian Supply of Potatoes for Starch and Bioplastics .................. 27 
4.1 Current waste and starch grade ................................................................................................... 27 
4.2 Potato production in Australia..................................................................................................... 28 
4.3 Factors influencing the viability and location of a starch processing site ................................... 31 

5. Starch Processing Properties for Bioplastics Materials..................................................................... 43 

6. Environmental Performance of Starch-based bioplastics .................................................................. 46 

7. Regulatory Issues .............................................................................................................................. 48 

8. Price Efficiency and Profits............................................................................................................... 49 
Farm production prices...................................................................................................................... 49 
Starch processing prices .................................................................................................................... 49 
Bioplastics processing prices............................................................................................................. 49 

9. Supply-Chain Management............................................................................................................... 53 



vii 

10. Conclusions ..................................................................................................................................... 55 

Appendix 1: Supply-chain Structures for Making Bioplastics from Potatoes....................................... 56 
A1.2: From potato waste to thermoplastic starch and PLA............................................................... 60 
A1.3: From genetically modified potato to PHA direct .................................................................... 62 

Appendix 2: Starch Plant Technical Description and Costs.................................................................. 63 
A2.1: Capacity................................................................................................................................... 63 
A2.2: Assumptions ............................................................................................................................ 63 
A2.3: Investment costs ($A).............................................................................................................. 63 
A2.4: Labour schedule ...................................................................................................................... 64 
A2.5: Utility consumption................................................................................................................. 64 
A2.6: Waste water: 160 m3/hour. Anaerobic system, potential to convert to polyesters...................... 64 
A2.7: Base case operating parameters............................................................................................... 64 
A2.8: Financials and economics........................................................................................................ 65 
A2.9: Sensitivity................................................................................................................................ 65 

Appendix 3: Potatoes for Starch in Australia:  Breeding Selection and on-Farm Budgets................... 67 
Appendix 3.1: Starch content vs. density .......................................................................................... 67 
Appendix 3.2: Estimated cost — spring-grown starch potatoes ....................................................... 68 
Appendix 3.3: estimated cost — autumn-grown starch potatoes ...................................................... 70 

Appendix 4: Conversion of Waste to Polyesters: A Green Technology to Produce Biodegradable 
Thermoplastics and Elastomers from Organic Wastes.......................................................................... 72 

A new technology evaluation ............................................................................................................ 72 
A4.1: Review of technology.............................................................................................................. 73 
A4.2: General observations on the integrated process ...................................................................... 73 
A4.3: Data needed for technology confirmation ............................................................................... 74 
A4.4: Recommendations for further investigation of this technology .............................................. 75 

References and Further Reading ........................................................................................................... 76 
 



viii 

Tables, Figures, Charts and Case Studies 
Chart S1: Starch processing profits: by buying price and starch yield ............................................. xii 
Chart S2: Starch processing profits: by purchase price for potatoes and selling price for starch ... xxii 
Chart S3: Existing Australian potato production and distribution ................................................... xiv 
Chart S4: Potential Australian potato production and distribution (2012) ...................................... xiv 
Table 2.1: Amylose content and granule size, by starch source .......................................................... 5 
Table 2.2: Bioplastics application segments ........................................................................................ 6 
Chart 2.1: Conversion of seed potatoes to plastic product (1000 kg of seed  
 to 5754 kg of moulded product) ......................................................................................... 7 
Case study: ‘Solanyl’ ........................................................................................................................... 14 
Table 3.1: Projected production of bio-based plastics, by policy stance: 2002–2020 (’000 tonnes). 16 
Chart 3.1: Apparent resin consumption, by industry: Australia 2001 ............................................... 17 
Chart 3.2:  Resin market segment growth rates, 1994–1999: Australia ............................................. 17 
Table 3.2: Bioplastics scenarios and characteristics .......................................................................... 22 
Table 3.3: Industry structural variables associated with bioplastics scenarios .................................. 23 
Figure 4.1: Potato yields, Australia (t/ha) ........................................................................................... 28 
Figure 4.2: Potato yields, Australia, by state: 2001............................................................................. 28 
Figure 4.3: Share of potatoes in total crop value: Australia (value of potatoes/value of total crops) . 29 
Table 4.1: Riverina potato harvest periods ........................................................................................ 32 
Figure 4.4: Comparison of Australian and USA French fry potato growers’ financial  
 performance 1996–97 ....................................................................................................... 36 
Figure 4.5: World potato yields 2002: tonnes/ha ................................................................................ 37 
Figure 4.6: World starch market, by material source .......................................................................... 38 
Case study: AVEBE and the EU starch premium ................................................................................ 41 
Figure 5.1: A glucose molecule, the basic building block of starch.................................................... 42 
Figure 5.2: Amylose molecule ............................................................................................................ 42 
Figure 5.3: Amylopectin molecule...................................................................................................... 43 
Chart 5.1: Australian starch imports: 1999–2000 to 2001–02 (kg) (Source ABS)............................ 44 
Figure 6.1: Energy use, by plastic: (Mj/kg) ........................................................................................ 45 
Figure 6.2: GHG emissions, by plastic (kg CO2/kg plastic) ............................................................... 45 
Case study: Earthshell packaging technology ...................................................................................... 46 
Chart 8.1: Starch processing profits, by purchase price for potatoes and selling price for starch ..... 49 
Chart 8.2: Starch processing profits, by buying price and starch yield ............................................. 50 
Table 8.1: Bioplastics film-blowing-grade resin, 50% potato starch................................................. 50 
Table 8.2: Plastic bag processing costs .............................................................................................. 50 
Table 8.3: Plastic bag production costs, total (cents/bag).................................................................. 51 
Case study: Search for the best starch-bioplastics business model ...................................................... 53 
Supply-chain structures: various diagrams from................................................................................... 55 
Figure A3.1: Starch content vs. density ................................................................................................. 66 



ix 

Executive Summary 

Media summary 
This study is about the feasibility of producing bioplastics in Australia from Australian-grown 
potatoes, as well as from the co-product (i.e. waste) resources of existing potato processors. The study 
identifies and examines different supply chains that could enable Australian potato growers and 
processors to participate in a growing bioplastics market.  

We estimate that the global market for bioplastics is around 35 – 40 000 tonnes in 2003–04 and 
growing at about 10 per cent/year or more to reach between 1.3 and 2.5 million tonnes by 2010. Most 
of this market (75%) is supplied by products made from starch of maize, potato, tapioca or wheat 
origin, although the starch share of the market could decline to less than 50 per cent by 2010, mainly 
due to growth in polyesters. Market growth rates are expected to increase over the next decade in 
response to growing regulations in support of biodegradable polymers, improved waste management 
infrastructure, growing use of renewable resources, and in response to regulatory incentives. The 
market for bioplastics in Australia is small and undeveloped, but as with other developed economies 
market growth is expected to rise in line with a supportive regulatory environment. The global 
bioplastics market could be approaching 4 million tonnes per year (t/year) by 2020. Based on 
Australian consumption of all plastics, this could mean a domestic market of 40 000 tonnes for 
bioplastics in Australia by 2020. 

Three different supply chains for producing bioplastics from potatoes are identified and evaluated: 
• specialised potato-starch seed plants being used to produce starch, which is used to make the 

bioplastics  
• starch being produced as a co-product from potato waste, peel and seconds, with the starch then 

used to make the bioplastics 
• transgenic production of polyester directly in the potato plant and/or transgenic manipulation to 

improve starch content, properties and tuber yields. 

Within these three supply chains the research identifies a further nine subroutes, and there are more 
emerging. They each have different demands in terms of resources, technologies, skills, markets and 
risks. In the short-to-immediate term, the lowest-cost option now is with starch from the waste of 
existing processors (starch at $0.45/kg).  

The costs of all three bioplastic supply-chain options are still substantially above synthetics such as 
polyethylene. High-density polyethylene (HDPE) is currently less than $2.00/kg, compared to most 
bioplastics which are above $3.00/kg, although bioplastics often have the attributes of biodegradability 
and compostability, valuable features when biodegradability is an attribute sought by the customer. 

In terms of achieving impact at the ‘farm gate’ a ‘high-tech’ starch-processing facility would have the 
most significant effect. It would also have significant regional impact. An efficient-sized potato-starch 
plant (using 2400t of potatoes/day) operating at 65–70 per cent capacity (200 days/year) would 
generate revenue of $150m from 112 500t of potato starch, and have farm purchases of $90m/year for 
450 000 t/year of potatoes. In this scenario the use of starch for bioplastics would be low, possibly only 
5000 t/year, but it would be a growing outlet in a diverse product portfolio, with most of the starch 
used for food processing and other technical industrial uses. Starch is still the cheapest bioplastic that 
can be used in many applications such as protective barriers and carriers of sensitive food, 
pharmaceutical and non-food products. 

In terms of the intermediate market for starch, Australia consumes about 290 000 t/year, five per cent 
of which is imported. With competitive prices, a local potato-starch plant could capture up to 10 per 
cent of the local market (paper and paperboard is a major user of starch), say 30 000 t/year, leaving the 
balance (90 000 tonnes) for the export market. Although the USA imports about 55 000 tonnes of 
potato starch/year it would be a marketing challenge to capture 90 000 tonnes of an estimated global 
market of 360 000 t/year. Nevertheless, opportunities to compete with potato starch originating from 
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the EU are likely to emerge as trade barriers decline.  

New product development would need to be a priority for a viable starch processor. In this context 
genetically modified (GM) starch-potato plants are being developed in Europe. These potatoes have 
improved properties for making starch with applications in biodegradable plastic films. The response 
of consumers to industrial products made from GM plants and processes remains to be tested, but we 
expect it to be more favourable than with the use of genetically modified organisms (GMOs) in the 
food chain, especially if these supply chains have lower greenhouse gas emissions (GHG) and 
improved energy efficiency. 

The location of a potato-starch plant of the size described above would need careful investigation, 
especially in access to water, but potato production enterprise gross margins on irrigation land in 
southern NSW appear to be competitive with other crops, and the area of suitable land required seems 
to be available. 

Recommendations for future research and development 
1. A program of screening and testing starch potato cultivars to be commenced, with initial selection 

based on high tuber yields, high starch content and suitability for Australian soils and temperatures. 
(Potential suppliers of these improved varieties include Averis Seeds in the Netherlands 
(http//www.karma.nl), associates of Riso National Laboratory in Denmark (http://risoe.dk) and 
associates of the European cultivated potato database (http://www.europotato.org/)).  

2. Processors to be made aware of the potential for co-product resources to be used in making starch 
for bioplastics. (Among the new bioplastics technologies based on potato waste is that used by 
Rodenburg Biopolymers in the Netherlands.) 

3. Subject to the results of the screening and testing program recommended in (1), the establishment 
of a minimum-efficient-sized starch processing plant should become an industry goal, with 
preparation and development taking place to develop and demonstrate a capacity to meet the needs 
of an efficient-sized starch processing plant of at least 50 000 t and preferably 100 000 t of 
starch/year within seven years. 

4. After successful variety tests are completed, growers to be encouraged to form a supply-chain 
management group with the aim of developing a supply-chain capability to provide high-quality 
cost-competitive potatoes to a processor over an extended period of, say, 200 days/year, each year.  

Technical summary 
There are opportunities for starch potatoes to be produced in Australia and used for industrial purposes 
in food processing and bioplastics. The world market for starch potatoes has been adversely affected 
by price interventions in Europe, but these distortions are expected to fade with the gradual removal of 
assistance and regulations in the EU. This is expected to expand international trade in starch, and 
favour the most efficient starch suppliers. Inefficient starch suppliers will gradually disappear.  

Efficient potato-starch suppliers will require minimum-efficient-sized plants, high productivity of 
capital and labour, and access to high-quality, low-cost potatoes.  

Efficient potato-starch suppliers will have no weak links in their supply chains. Competition between 
the primary sources of starch — maize, potato, tapioca and wheat — is expected to intensify. 
Development of new starch products for specific uses will emerge as a growing measure of product 
differentiation. Modified starches and GM cultivars will be used to respond to these growing 
opportunities. Bioplastics is one of the new product possibilities, but penetration of this market will 
depend on a combination of cost competitiveness and functionality.  
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The three basic supply chains for producing bioplastics from potatoes are: 
• specialised potato-starch seed plants 
• starch from potato waste 
• transgenic production of polyester directly in the potato plant and/or transgenic manipulation to 

improve starch content, properties and tuber yields. 

There are strengths and weaknesses in each of the three basic supply chains, and they each have 
different demands for resources, technologies, skills, markets and risks. In the short-to-immediate term 
the lowest-cost option now is with starch from the waste of existing processors (starch at $0.45/kg). 
For the long term, however, and for impact at the farm gate, the production of specialised starch 
cultivars for a starch-processing plant would have the greatest impact. Transgenic production of starch 
from potato plants is expected to emerge as an important process, offering the attributes of higher 
yields and improved properties, which, in turn, will increase the competitiveness of potato starch 
against other sources of starch. 

Before proceeding with production and processing investment in a potato-starch industry it is 
necessary to undertake a screening and testing program for the new industrial cultivars. Western 
Europe in particular has a history of breeding potato-starch cultivars and these would form the base for 
a breeding program in Australia. Selection and breeding for adaptation to local conditions would be an 
important factor in creating an efficient starch–bioplastics supply chain. Excessive heat, for example, 
is shown to have a negative impact on conversion of sucrose to starch in the plant’s endosperm and 
therefore heat tolerance needs to be a selection criterion. The following varieties from Averis are 
identified as being suitable for trial in Australia: Astarte, Aveka, Elkana, Kantara, Karakter, Kardal, 
Kardent, Karnico and Seresta. 

Although high-amylose and high-amylopectin potatoes have been developed and are of interest in 
terms of bioplastics and in achieving reduced costs for starch processors generally, a starch 
manufacturer is likely to need, first, a reliable supply of high quality, cleaned, white potatoes with 
high starch content to make the plant viable.  

To achieve a 20 per cent return on investment, a starch-processing plant operating at 200 days/year 
should pay no more than $800/t of starch for purchased potatoes with a content of 25 per cent starch, 
and receive an average of $1250/kg for the starch products, most of which would be chemically or 
mechanically modified to attract higher prices. Again, though, plant breeding of potatoes with 
specialised traits such as high amylose and high amylopectin can add value later. If the plant extended 
processing beyond 200 days/year and had a relatively high share of higher-value-added products, this 
would add significantly to the plant’s viability. This level of production would need at least 10 000 
hectares of irrigated production each year, and harvest spread over 2–3 seasonal periods to minimise 
storage costs. 

Producers would need to generate revenue of $8000/ha from the starch potato, otherwise they would 
not be bothered to switch from the standard low-starch, fresh-food potato. This can be achieved with a 
tuber yield of 40t/ha and a price of $200/t. The starch processor, however, could only pay $200/t or 
more if the starch yield is 25 per cent or more. The links between buying price for the raw potato, 
starch yield, selling price for the starch, and earnings for the processor are fundamental to the viability 
of the whole supply chain (chart S1 and S2). The challenge will be to identify the cultivars that 
produce the yields of starch potatoes that can satisfy both the producer of potatoes and the starch 
processor. At the same time, the starch processor will require the potatoes to be close to the factory 
(preferably less than 100 km). 
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Chart S1: Starch processing profits: by buying price and starch yield 
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The presence of a large-scale potato-starch plant would affect the structure of the Australian potato 
industry and the intensity of competition between processors and the fresh market. Charts S3 and S4 
show the possible before-and-after scenarios of the Australian potato industry. 

Chart S2: Starch processing profits: by purchase price for potatoes and selling price 
for starch 
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With starch available at $1.25/kg it is estimated that a biodegradable film-grade resin could be 
produced for $6.02/kg. This should enable a plastic bag weighing five grams to be produced for 
$0.05/bag, which would be available for the end buyer at $0.075/bag, after distribution and wholesale 
margins. While this is still relatively expensive compared to the non-biodegradable plastic bag ($0.03 
or less) it would be cheaper than imported biodegradable bags. 
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A supplier of bioplastics products must be able to deliver on at least three of the following four 
attributes: 
• superior design to those of competitors 
• better prices than competitors 
• equal or better quality than competitors 
• ability to satisfy the customers’ expectations of product and service. 

These four factors influence market perceptions and preferences and every member of the supply 
chain should be aware of them. It is fair to say that, so far, the producers of bioplastics have 
consistently failed to deliver on more than one of these factors. This poor performance record, 
however, gives the new producers and processors an opportunity to improve significantly on past 
performance. 

Starch-based bioplastics now account for three-quarters of the bioplastics market, although potato 
starch can expect to face fierce price competition from other sources of starch including tapioca and 
wheat. 

Waste from French fry processors  
At present the waste from French fry processors in Australia seem to have the most potential to supply 
the material for a small bioplastics industry. These firms are already producing some starch from their 
waste, and improvements to technology could double their capacity.  

Three waste-bioplastics-processing possibilities were examined. Using the technology embedded in a 
product like Solanyl from Rodenburg Biopolymers in the Netherlands, a plant with the capacity to 
produce 8 – 10 000 t/year of biopolymers would be needed to get some economies of scale. If an 8000 
t/year plant were established, it would need about 3333 tonnes of waste or co-product resource, 666 
tonnes of additives, and 4 tonnes of purified biopolymer (e.g. PLA) for mixing. This volume of waste 
would seem to be available at one or more processing plants in Australia. The Rodenburg technology, 
however, is constrained by its inability to be used in blown-film production for bioplastics, which is an 
important market. Another technology based on similar potato waste is that of UK-owned Potatopak, 
but this technology is expensive and the success of the business seems to be more about marketing 
innovation than technological novelty.  
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Chart S3: Existing Australian potato production and distribution 
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Chart S4: Potential Australian potato production and distribution (2012) 
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1. Introduction 
Australia produces about 1.35 million tonnes of potatoes each year from around 41 000 hectares, an 
average of 33 t/ha, but with significant variation around the average, ranging from 23 t/ha in NSW to 
44 t/ha in Tasmania. In Australia, like most other countries, the potato is used mainly for food, either 
for fresh (nearly 50 per cent of the total) or processing purposes (most important of which is French 
fry, accounting for more than 30 per cent). The potato (Solanum tuberosum ssp tuberosum) is the 
fourth most important crop species in the world for human nutrition after rice, wheat and corn.  

In a few countries the potato is also used extensively for industrial purposes. These countries include 
Denmark, where 75 per cent of the potato crop is grown for industrial purposes, starch in particular. 
Potatoes (5 per cent market share) rank after maize (81 per cent) and wheat (8 per cent), as the major 
source materials for starch. 

Some starch is used as feedstock for making bioplastics. Agricultural products containing starch, fatty 
acids and oil can all serve as source materials for making bioplastics.  

Potato starch can be made from either the traditional food-chain potato (typically containing 10–12 per 
cent starch on a dry content basis) or special industrial potatoes with high starch content (17 per cent 
starch or more). Other sources of potato starch include processing and household waste. 

The large size of the plastics market (190 million t/year in the world market) and its history of 
significant growth (4–5 per cent/year) makes it attractive for new industries and products that can 
produce novel attributes at competitive costs. One valuable attribute is biodegradability, which is an 
inherent feature of potato starch. But potatoes can also be used to produce non-degradable traditional 
thermoplastics, which is what most synthetic plastics already do. Other interesting attributes include 
energy efficiency and reductions in emission of greenhouse gases (GHG). 

This study is about the feasibility of producing bioplastics in Australia from Australian-grown 
potatoes. At present most bioplastic products being produced in Australia are derived from imported 
resin, sourced from Europe and the USA. This resin is made from locally sourced materials, including 
potato, wheat and maize starch. 

1.1 Research objectives 
The objective of this study is to examine opportunities, benefits, costs, risks and constraints in 
Australian potatoes being used as an industrial feedstock material for the production of bioplastics. 
The objective was framed in the context of the benefits that could flow to the Australian potato 
industry from the development of a new market for Australian-produced potatoes. New markets have 
the potential to increase growth and reduce risk by adding to market diversity, as well as to increase 
competition between processors when they offer supply contracts to growers, with benefits at the farm 
gate in the form of improved contract conditions (prices received, costs paid etc.). 

1.2 Research strategy and methods 
The study takes a supply-chain approach because it was felt that a bioplastics industry based on 
potatoes would require a high level of integration between plant breeders, seed distributors, producers, 
processors, co-product producers, plastics product converters and end users. 

1.3 Outcomes and scope 
The outcomes sought from the project are: 

1. improved understanding of the potential for potatoes to be used in the plastics market 

2. improved understanding of potato plant properties required for bioplastics production 

3. a pilot study to look into the feasibility of a potato-based bioplastics supply chain in Australia 
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4. the possibility of a new industrial market for Australian potatoes, subject to the pilot study 
conclusions and resources being available 

5. the possibility, also subject to the pilot study conclusions, of increased farm-gate demand for 
Australian potatoes through decreased processing costs and/or the value added to waste potato 
products. 

1.4 Definitions and distinctions between bioplastics and 
biodegradable plastics 
The definitions and distinctions between bioplastics and biodegradable plastics may seem somewhat 
abstract, but they become increasingly important in terms of standards, questions of sustainability, and 
environmental impact, all of which can have some bearing on markets.  

Bioplastics are always manufactured from renewable resources and renewable feedstocks, but may or 
may not be biodegradable (Patel 2002). In contrast, biodegradable plastics can be made from either 
renewable or non-renewable feedstocks and have been proved to degrade within a certain time under 
certain conditions. A range of new biodegradable resins, made from synthetics, is entering the market. 
The standards for biodegradability and compostability are described in more detail in the report. Kab 
(2002) believes the alignment of biomaterials with the term ‘biodegradability’ is increasingly 
considered by manufacturers as ‘unfortunate’ because it restricts the potential to a narrow segment of 
the overall market, which is mainly for non-degradable materials. 
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2. Bioplastics from Potatoes:  
Technical Issues and Supply Chains 

Summary 
Plastics materials typically have molecular weights ranging from several thousand to more than 1.5 
million. It is this large molecular size that gives stability and resistance to their breakdown. In fact, 
most synthetic polymers are produced for their functional resistance to chemical and physical 
degradation. 

Carbon and hydrogen are common elements of all monomers. Carbohydrates, proteins, natural 
polyesters and nucleic acids are the main biopolymers and they are distinguished from synthetics by 
the addition of oxygen and nitrogen to their molecular structures, which also enable their 
biodegradability. Another important difference between starch and synthetic polymers is the granular 
structure of starch and the presence of two different polysaccharides: the linear linked amylase (with 
molecular weights 0.2 – 2.0 million) and the highly branched and high molecular weight amylopectin 
(Mw as high as 100–400 million). Potato starch typically has an amylase:amylopectin ratio of 22:78, 
although plant breeders now have the high-amylopectin potato plant, which contains only amylopectin 
and is a substitute for the commonly known waxy maize starch.  

Within the various starch-based biopolymers there is further significant variation in the properties of 
materials, which can be managed through selection of different starch sources, use of water during 
processing, and the addition of plasticisers. Starch granules, for example, feature variously crystalline 
particles depending on the starch source material. And the size and distribution of starch granules, 
which vary from crop to crop, also affect the application possibilities. The variability in the size of 
potato-starch granules is a feature of this plant compared to other starch sources, and it can affect its 
application potential for bioplastics. The large granule size gives rise to relatively high viscosity and 
clarity. The natural constraints on any particular starch can be managed through additives, blends and 
manipulation of processing conditions to produce materials with the properties sought, though there 
are costs involved with modifications. The vast list of applications in which bioplastics have been used 
demonstrates their versatility. 

Three different supply chains for producing bioplastics from potatoes have emerged or could emerge: 
• specialised potato-starch seed plants being used to produce starch, which is used to make 

bioplastics  
• starch being produced as a co-product from potato waste, peel and seconds, with the starch then 

used to make the bioplastics  
• transgenic production of polyester directly in the potato plant and transgenic manipulation to 

improve starch content and tuber yields. 

None of these supply chains would be built quickly. They all require serious commitments in terms of 
research and development, operating infrastructure, investment in plant and technology and skills, and 
market access. In the absence of local R&D, a licence to use the technology seems to be the most 
practical approach. 

In view of the importance of the cost of substrate or feedstock in the polymer price, the most price 
competitive opportunity in the short-to-medium term seems to be with collecting starch from the 
waste. Two companies, one in the UK (Potatopak Ltd) and the other in the Netherlands (Rodenburg 
Biopolymers) seem to have been most successful in forming technically viable supply chains. These 
supply chains are based on access to reasonable volumes of waste material for processing, and good 
marketing connections. 

For the future, however, it may be the developments in GM potato crops that offer the greatest 
potential. This includes genetic modifications to produce polyester directly in the plant. On another 
front, researchers at the Max Planck Institute (MPI) for Molecular Plant Physiology in Germany 
showed recently that by reducing the adenylate kinase activity in plastids through genetic 
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modifications, they achieved an increase in the ADP-glucose content, which is a precursor to increased 
starch biosynthesis. Moreover, this produced a dramatic increase of 60 per cent in the level of starch, 
as well as a twofold increase or more in the amino acids. In addition, the tuber yield was also increased 
by 39 per cent. These results, if achieved in commercial situations, could transform the international 
competitiveness of potato starch. 

2.1 Polymer and starch molecules 
Over 99 percent of plastics are made from synthetic polymers, with just a few thousand tonnes of 
biopolymers compared to millions of tonnes of synthetics. Both natural and synthetic polymers feature 
a long-chain molecular structure, containing a series of linked small molecules, named monomers, 
which collectively give rise to large molecules with large weights. Plastics materials typically have 
molecular weights ranging from several thousand to more than 1.5 million and it is this large 
molecular size that seems to be responsible for their stability and their resistance to breakdown. 
Indeed, most synthetic polymers are produced for their functional resistance to chemical and physical 
degradation. 

These large polymer macro-molecules feature three main properties that distinguish them from their 
smaller constituent parts: 
• chain entanglement, which, when reacted through heat and chemicals, enables the production of 

solid polymers and the strength typically needed for formation of materials 
• accumulated intermolecular forces 
• slow-moving macromolecules. 

Carbon and hydrogen are common elements of all monomers. Most synthetic polymers are made from 
hydrocarbons (CH), which contain only carbon and hydrogen in various structures such as alkanes 
(e.g. methane) and alkenes (known as olefins, including polyethylene (PE) = (CH2-CH2)n) and high-
density polyethylene (HDPE)).  

Carbohydrates, proteins, natural polyesters and nucleic acids are the main biopolymers and they are 
distinguished by the addition of oxygen and nitrogen to their molecular structures, which also enable 
their biodegradability. Starch (C6H10O5) has a primary function of storing energy in plants. It is a 
polysaccharide, which is the most abundant form of carbohydrate, and second after cellulose. It is 
formed after photosynthesis produces energy, which is converted to sugar in the leaves and then to 
starch after being transported to the tubers. Enzymes play an important role in the conversion of sugar 
to starch and reconversion of starch to sugar for plant growth.  

An important difference between starch and synthetic polymers is the granular structure of starch and 
the presence of two different polysaccharides: the linear-linked amylase and the highly branched and 
high molecular weight amylopectin (Hulleman, Janssen and Herman 1996). Within the various starch-
based biopolymers there is further significant variation in the properties of materials, which can be 
managed through selection of different starch sources, sensitive use of water during processing, and 
addition of appropriate plasticisers (Hulleman et al.1999). Starch granules, for example, feature 
variously crystalline particles depending on the starch source material. The size and distribution of 
starch granules, which vary from crop to crop, also affect the application possibilities. Selected 
characteristics of different starch materials are shown in table 2.1. 

The large size and variability in the size of potato-starch granules is a feature of this crop compared to 
other plants used for starch. There is some evidence that this feature can adversely affect the 
mechanical strength and flow properties of potato-starch granules for bioplastics.1 

The large granule size, however, also gives rise to relatively high viscosity (compared to other 
starches) and clarity (transparency), which can be an advantage in other applications (Brandt 2002) 

                                                           
1 Personal communications with Plantic, a Melbourne-based bioplastics company. These properties are 
important in creating effective biodegradable plastic films. 
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including thickening soups and gravies, and making Kosher foods (Alden 2003).  

Potato starch can be used at lower applications (25–35 per cent less), saving on material costs, and 
have the advantage of low lipid and protein content compared to other starches in which these 
attributes are sought. In any event, granule size of the potato has now been shown to be capable of  

Table 2.1: Amylose content and granule size, by starch source 
 Granule size 

range (µm) 
Average size (µm) Amylose content 

(%) 

Arrowroot 9–40 23 21 

Cassava 3–28 14 17 

Corn 5–25 14.3 28 

Corn-high 
amylose 

4–22 9.8 70 

Potato 10–70 36 20 

Rice — waxy 2–13 5.5 0 

Sago 15–50 33 26 

Sorghum 3–27 16  

Sweet potato 4–40 18.5 18 

Wheat 3–34 6.5, 19.5 
(bimodal distribution) 

26 

Source: Satin 2000. 

modification, either by physical separation (Zhou et al. 2002) or by genetically modified potato plants 
(Ji et al. 2004).  

The amylose:amylopectin ratio influences the functionality of native starches and their blends and 
composites. The viscosity, shear resistance, crystallinity and associated properties are affected by this 
ratio. The functional characteristics of starch sources like the potato can be improved through plant 
breeding programs that are better linked to end uses, rather than simply concentrating on improved 
tuber yield and starch content (Satin 2000). In addition, knowledge of the natural polymer chemistry in 
processing starches for specific uses such as bioplastics has some way to go before the optimal 
bioplastic with good mechanical properties is produced. As Hulleman et al. note, recent research has 
produced a general description of the different starch systems, and direct relations between the 
molecular structure of the underlying material, processing and plasticisers, and the end materials. The 
relationships, however, are extremely complex and still unclear in many areas. These technical 
challenges are accentuated by the need for a consistent supply of product with reliable quality at 
competitive prices. Yet quality remains a nebulous concept in the starch industry. Quality is not well 
defined, in part because of the diversity of end uses for starch and their differing requirements. These 
uses range from thickening agents to gel-forming agents and packaging materials.  

Improved information about starch quality requirements should help producers and plant breeders 
understand more about the end uses. Similarly, producers and plant breeders need to inform processors 
about what is possible in genetics, good management practices and improved control of environmental 
conditions, which can all help to better satisfy consumer needs..  

2.2 Applications and use 
Innocenti and Bastioli (2002) estimated that 75 per cent of Starch-based bioplastics are used in 
packaging, including soluble foams for industrial packaging, and films for bags and sacks. Other uses 
include mulch films for agriculture, nursery pots, fast-food cups, cutlery and plates. Textiles can also 
be made by polylactic acid production. Stand-alone products tend to be used in dry-goods packaging 
because of the hydrophylicity of starch, a property that is valued in terms of enhancing 
biodegradability, but which also constrains applications where stability is required. The hydrophilic 
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property, however, can be modified with blends and composites and eliminated in many products with 
water-resistant laminates or coatings of wax. Polycaprolactone coatings, for example, can produce a 
water resistant starch sheet (Averous et al. 2000). Kab (2002) identified nine application segments in 
which bioplastics can emerge (table 2.2). 

 

 

Table 2.2: Bioplastics application segments 
Segment Product possibility Application constraints and advantages 

Packaging Loose fill foil, film. Hollow items, 
bottles, trays, blisterpacks. Nest, 
sacks and bags 

Recycling constrained by biological 
contamination and materials needing 
recycling technology. 

Take-away food 
containers and 
items 

Crockery, cutlery, straws, beakers Returns not practical; biological 
contamination. 

Fibres and textiles Clothing, technical textiles and 
fabrics. 

Breathability and comfort. Natural fibre. 

Toys and sports 
goods 

Craft materials, bricks and blocks, 
golf tees. 

Paedagogic advantages; environmental 
safety. 

Convenience and 
hygeine 

Personal hygiene products (nappy 
film, cotton buds), organic waste 
sacks. 

Short-lived articles; recycling difficulties. 

Nurseries Plant pots, underlays, peat sacks, 
seed fertiliser tape, binding 
materials. 

Natural contact with water and composting 
advisable; recycling difficult due to 
contamination; labour costs may be involved 
in segregation. 

Agriculture Covering film, mulch film, tying 
yarn and string. 

As for ‘nurseries’. 

Medicine Implants, operating materials, oral 
hygiene, gloves. 

Safe absorption and degradability in the body; 
short life. 

Miscellaneous Functional supports, mounting 
technology, grave lights,writing 
implements. 

Specific application advantages such as 
reduced waste costs, lower labour costs, 
compostability, promotional advantage. 

2.3 Technology and methods of production 
Three different supply chains for producing bioplastics from potatoes have emerged, or could emerge, 
as viable: 
• specialised potato-starch seed plants being used to produce starch, which is used to make the 

bioplastics  
• starch being produced as a co-product from potato waste, peel and seconds, with the starch then 

used to make the bioplastics  
• transgenic production of polyester directly in the potato plant and transgenic manipulation to 

improve starch content and tuber yields. 

These supply chains differ from each other by their basic feedstock (potato waste or whole tuber 
plants), polymer production method and technology embodied in the potato plant (starch in traditional 
or GM potato plants or polyester in GM plants). Each of these routes, and their associated subroutes, 
feature different technologies, product properties and conversion ratios. Appendix 1 describesthe 
supply-chain routes and subroutes in detail. 
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2.3.1 Specialised natural selection potato seed for starch supply chains 
This supply route covers the production of potatoes for starch and subsequent conversion into 
bioplastics through three different subroutes (or four, including starch by itself): straight starch-based 
biopolymer, polylactide (PLA) or polyhydroxyalkanoates (PHA). The potato in this chain is a 
specialised industrial seed and grown only for processing into starch. 
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Chart 2.1: Conversion of seed potatoes to plastic product (1000 kg of seed to 5754 kg 
of moulded product) 
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Chart 2.1 shows the material input and outputs to produce a bioplastic product comprising 50 per cent 
additives and 50 per cent potato starch. Starting with, for example, 1000 kg of seed potato, expected 
farm production from this seed would be around 17 000 kg (maybe higher — see below) 2, from which 
4250 kg of industrial starch would be produced at 17 per cent moisture content. After extrusion with 
50 per cent additives, granulation and conditioning, a further 5 per cent of weight is lost. At 
completion, 5754 kg of moulded product (comprising 50:50 starch and additives) is generated from 
the 1000 kg of seed potatoes. 

Unlike the food potato for human consumption, the industrial potato in this supply chain is grown for 
the starch it yields. Most commercially available potato varieties for starch contain abouot the same 
amount of starch (about 20–25 per cent, maybe lower 3) and an amylose:amylopectin ratio of 22:78 
per cent.4 One exception is the high-amylopectin potato, which contains solely amylopectin starch, 
with some similarities to the better known waxy starches of maize. These starches are inherently more 
stable, with relatively high clarity and viscosity. Nevertheless, there is evidence that there is also scope 
to manipulate processing conditions to improve the stability of potato starches based on the traditional 
amylose:amylopectin ratio (Hulleman, Janssen and Herman 1996). 

The process of growing the industrial starch potato is identical to growing potato for human 
consumption. The seed potato is planted on similar land, fertilisers are applied to stimulate growth and 
pesticides are used to protect the plant. The use of irrigation can be expected to improve the quality of 
potatoes and perhaps even reduce the variation in starch granule size, shown in table 2.1. Seed-starch 
potatoes can be obtained from Averis seeds in the Netherlands (www.karna.nl) or Rise National 
Laboratory in Denmark (http://risoe.dk) or numerous other suppliers in Europe. Typical suppliers of 

                                                           
2 This is the quantity of seed required to produce 17 tonnes, so if 2 tonnes of seed/ha is sown, 34 tonnesshould 
be produced with good practices. Morey and Sully (1999) suggest 18 tonnes from 1 tonne of seed. 
3 As an example of potato starch yields, the Austrian company AGRANA Zucher and Starke AG produced in 
2001 about 48 400 tonnes of potato starch from 230 000 tonnes of starch potatoes, for a yield of 21% starch at 
17% moisture. 
4 Amylopectin and amylase are two quite different polysaccharides. Amylopectin is a major component of most 
starches. It is characterized by its high molecular weight (7 x 107 to 5.7 X 109).and highly branched structure 
(Yoo, Wong & Jane 2002). The structure of amylopectin and the amylase:amylopectin ratio has a major 
influence on the functions of starch including gelatinization temperature, pasting temperature and pasting 
viscosity. In contrast to amylopectin, amylase has a linear structure and much lower molecular weight.  
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machinery for agricultural production purposes are Netagco holding (www.netagco.nl) in the 
Netherlands, and Norwegian-based Kverneland Group (www.kvernelandgroup.com). 

Once harvested and delivered to the mill, starch is obtained from the potato after a series of washing, 
grinding, extraction and refining steps (pathway 1.1.1 to 1.1.2 in appendix 1). Equipment for 
extracting starch from the potato could be supplied by Alfa Laval (www.alfalaval.com), Westfalia 
(www.westfalia-seperator.com), Nivoba in The Netherlands (www.nivoba.com), or Hovex, also in The 
Netherlands (www.hovex.com).  

Finally the material is conditioned to a prescribed moisture content (usually 15 per cent), at which 
point it can be packed and stored. This native starch then becomes the basic feedstock manufacturing 
the three bioplastics: straight starch-based biopolymer, polylactic acid (PLA) and 
polyhydroxyalkanoate (PHA).  

To gain an understanding of the costs of developing a starch plant in Australia, discussions were held 
with starch manufacturers and starch machinery suppliers. An efficient-sized starch plant using new 
technology to achieve high labour productivity was judged to be a critical factor in viability. The 
estimated efficient-sized plant to fully exploit all economies of scale should have a capacity of around 
100 t/hour of clean, white potatoes, which would produce around 187–180 kg of starch/hour. It is 
critical, however, that capacity utilisation rates remain high, say more than 65 per cent and preferably 
90 per cent, otherwise smaller plants become increasingly competitive. Alfa Laval is a leading supplier 
of this equipment and appendix 2 describes the equipment needed for this type and scale of operation. 
A smaller-scaled plant of no less than 25–30 t/hour could be established, although it would not have 
all the economies of the larger plant, against which it can expect to be competing in international 
markets. Secondhand equipment could also be acquired (suppliers can sometimes be found on, for 
example, the Potato News website: http://www.potatonews.com/). 

The positive features of potato starch from the producers’ perspective include: 
• production methods and management practices for industrial potatoes are similar to those used for 

producing potatoes for the food chain 
• the use of starch to make plastics is viewed favourably as it involves greater use of a renewable 

resource and less use of hydrocarbons, the mainstay of the current plastics industry.  

In Australia, access to water is essential as production cannot happen without irrigation, especially in 
areas with growth potential. Australia’s potential to supply potatoes for starch processing is discussed 
in more detail in section 4, with supporting budget details in appendix 3. 

One of the main constraints facing starch processors everywhere is the cost of storage, especially 
where only one crop can be grown. With large, highly capitalised plants it is essential that capacity 
utilisation rates remain high.5 In Australia the storage problem can be reduced in the main irrigation 
areas where two or more crops/year can be grown, providing producers have reliable access to water. 
In Europe, starch processors in some areas have managed to process different crops, with 
complementary growing periods (e.g. maize, wheat and potatoes) in the same facilities, although 
equipment is generally specialised, so the cost savings from improved utilisation of capacity are 
mainly to do with space, storage and handling facilities. 

(a) From potato starch to starch-based biopolymer (pathway 1.1.2 in appendix 1)  
In general, starch-based biopolymers are made by thermoplastic compounding of starch using an 
extruder. A broad range of possible additives enables thermoplastic processing of the starch and 
extensive refinement of material properties of formed bioplastic. The granulation process supplies 
material in a useable polymeric form that is conditioned to a certain moisture content, and this is an 
important parameter in further processing. The subsequent processing of the bioplastic can be 

                                                           
5 Low utilisation of capacity can lead to a vicious circle of low utilisation of capacity, high unit-processing costs, 
low processing profits and low offers for farm gate prices (refer to Terosa & Purog (2001) on the problem with 
sweet-potato starch processing). This can lead to severe problems for the starch manufacturer as producers will 
then switch production to higher-priced markets. 
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performed by various common general techniques like extrusion, injection moulding, or film blowing, 
resulting in products ranging from thin and flexible to thick and stiff. As with native starch this 
extended supply chain is equipped with packing machinery enabling storage and transport of the 
formed bioplastic granule.  

The main starch-based bioplastic manufacturers are AVEBE in the Netherlands 
(http://www.avebe.com/); Biotec in Germany (http://www.biotec.de/); BioP in Germany (using potato 
starch) (http://www.biopag.de/); and Novamont in Italy (www.materbi.com). These companies closely 
guard their inventions and patents. An example of Novamont’s patent holdings is WO 98/20073. 

Typical suppliers of extrusion equipment for making bioplastics include Berstorff in Germany 
(http://www.berstorff.com/), Bühler in Switzerland (http://www.buhlergroup.com/), and Werner and 
Pfleiderer in Germany (http://www.coperion.com/). Suppliers of injection moulding apparatus are 
Demag in Germany (http://www.demag.com/) and Arburg in Germany (http://www.arburg.de/). For 
film-blowing equipment the major suppliers include Windmoller and Holscher (http://www.wuh-
lengerich.de) and Kuhne (http://www.kuhne.de). 

Positive features of the potato-starch-based biopolymer include:  
• biodegradability of starch-based bioplastics and an energy system based on renewable resources; 

thermoplastic starches tend to perform well in life-cycle assessments of both emissions and energy 
efficiency (Patel 2002) 

• versatility of starch-based bioplastics, which is enhanced through various additives to produce a 
range of properties for different conditions (though this can mean extra costs — see below)  

• relatively simple production method, compared to production of PHA and PLA (see below).  

The main constraint is the cost of production compared to comparable petrochemical-based materials. 
At June 2004, the price of starch-based plastic resins is almost double that of comparable synthetics 
($A3.00 to $7.90/kg, compared to $1.75/kg for synthetics).6 Pricing is discussed further in section 8. 

There is also the problem of starch’s inherent sensitivity to water, but this can be overcome with 
blends and composites or laminated layers of non-degradable material, even though it is at higher cost.  

(b) From potato starch to PLA, (pathway 1.1.3 in appendix 1)  
In this pathway, potato starch is used to supply glucose by enzymatic hydrolysis. This glucose is then 
fermented into lactic acid by bacteria. Further conversion into an intermediate lactide is performed 
through removal of water. After purification by distillation, the material is polymerised to PLA in a 
solvent-free process. Like the starch-based biopolymer process, PLA is extruded, with various 
additives that enable thermoplastic processing and refinement of material properties. The granulation 
activity completes the process and the product is packed for storage. The packed material can be 
processed using the standard extrusion and moulding techniques and it can also be used to spin fibre 
material.  

PLA is a transparent, biodegradable material. Life-cycle assessments show that PLA also performs 
well in terms of emissions and energy efficiency compared to comparable petrochemical-based 
polymers.  

The chiral lactide in the PLA supply chain also gives rise to extensive refinement of the degradation 
time of PLA. Furthermore, this intermediate material can be a valuable chemical building block for 
purposes other than PLA. 

One of the major producers of PLA is Cargill Dow Polymers (CDP) in the USA 
(http://www.cargilldow.com/). The CDP site also provides excellent technical background information 
about PLA even though their glucose source is corn. Enzymes for PLA can be obtained from 
Genencor in the USA (http://www.genencor.com/) and Novozymes in Denmark 
(http://www.novozymes.com/).  

                                                           
6 Personal communication with Gerald Schennink , Agrotechnological Research Institute (ATO). 
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PLA’s positive features include:  
• biodegradability and use of renewable resources for feedstock 
• useful barrier properties, including relative insensitivity to water  
• versatility for numerous applications  
• the presence of lactide, which is a valuable chemical building block.  

The main negative feature is, again, the cost of production and pricing compared to comparable 
petrochemical-based materials. At the time of writing PLA was selling for about $4.90 to $7.90/kg, 
compared to comparable synthetic prices of $1.75/kg. There is also some sensitivity to water during 
processing at elevated temperatures, though again this can be overcome with blends and composites or 
laminated layers of non-sensitive materials.  

(c) Potato starch to polyhydroxyalkanoate (PHA)  
PHAs are thermoplastic polyesters that are produced through fermentation by various bacteria. It is 
formed as an intracellular deposit and used as a storage form of carbon and energy. The type of PHA 
that is produced depends on the bacterium used and the carbon source. Polyhydroxybutyrate (PHB) is 
the most widespread and characterised PHA. It shares many of the physical and mechanical properties 
of polypropylene (PP), with the added attribute of biodegradability. This material is brittle by itself but 
co-polymerisation with valerate gives rise to a more useful material (PHBV). Compared to these short-
chain-length PHAs the mcl-PHAs (medium-chain-length PHAs) supply more flexible materials 
suitable for a range of applications.  

Glucose, a product of enzymatic hydrolysis of potato starch, can be used as a feedstock to produce 
PHAs. Both short- and medium-chain-length PHAs can be obtained using glucose, although mcl-
PHAs are preferably made using fatty acids as feedstock.  

Pathway 1.1.4 in appendix 1 shows the enzymatic hydrolysis of starch to glucose and subsequent 
anabolism to PHA. After this step, bacteria containing PHA are separated from the medium by 
filtration or centrifugation. This step is followed by a separation process in which the PHA is either 
enzymatically or mechanically released from the bacterium. The product is a crude latex of PHA and a 
bacterium residue. Purification by centrifugation supplies a clean PHA latex, which can be used, for 
example, as a coating material. The crude PHA latex can also be purified by solvent extraction to form 
a non-dispersed PHA mass that can be processed using thermoplastic equipment. Extrusion enables 
the addition of additives to refine the material and processing properties, and to then end up with a 
granulate-shaped material. Further processing can be performed by the common techniques described 
above.  

PHA can be considered a biodegradable biopolymer with a very high resistance to water. This 
resistance towards water, biodegradability and the flexible process of polymerisation by bacteria from 
numerous feedstocks makes it a unique material. A new tendency is to use PHAs with additives to 
reduce price.  

Metabolix in the USA (www.metabolix.com) is one of the largest companies in the PHA business. 
Biomer in Germany (www.biomer.de) also supplies PHB. Information on production of PHB from 
sugar can be found at Copersucar in Brazil (www.link.springer.de, then follow the links to PHB). 
More recently, researchers at Cornell University’s Centre for Materials Research have reported that 
they have found a way of making synthetic PHB from a lactone called beta-butyrolactone, which 
reacts through a ‘carbonylation’ and polymerisation process that is activated by a new cobalt and 
aluminium catalyst. 

The positive features of PHA/PHB include: 
• biodegradability of PHA and, again, greater use of renewable resources  
• resistance of PHA towards water and its favourable barrier properties for materials  
• flexibility in processing, which allows fine tuning of properties of PHA bioplastics to suit specific 

applications.  



12 

The main negative feature is that the cost of the production process, even on a large scale, is high. This 
reflects, in part, the fermentation process, which also gives rise to variable life-cycle assessment 
performance in terms of energy efficiency and emissions. At June 2004, the price of PHA is a 
minimum of $A7.90/kg for a very large order. 

2.3.2 From potato waste to bioplastic (pathway 2 in appendix 1) 
Unlike the starch route and subroutes described above, the material in this second route is a waste 
material that contains only limited amounts of potato starch, but it has the attraction of being cheap, 
sometimes even free of charge7. Again there are several subroute possibilities within the waste. In this 
section three subroutes are described: 
• use of the full potato waste to form a processable material by mixing it with other biopolymers  
• production of PLA by fermentation of predominantly one component of the waste, the potato starch  
• production of PHB through new filtration technology. 

(a) Potato waste to processable bioplastic mix (pathway 1.2.1 in appendix 1) 
This route uses the full potato waste to form a biodegradable material. First, the waste is fermented to 
enable processing. During this activity the Mw is reduced, the pH stabilised and functional oligomers 
formed. Drying then takes place. After this it is extruded, with additives to refine processing and 
material properties. The material is then granulated and conditioned before it is (eventually) dry-
blended (granulate mixing) with other biopolymers. The actual mixing of processed potato waste and 
biopolymers occurs in the subsequent processing step, extrusion or injection moulding for example. 
This principle of dry-blending the treated waste with various amounts and types of bioplastics makes 
production easier and the properties of the final biodegradable product can be fine tuned to a certain 
extent.  

The material described above is manufactured, under the brand name of Solanyl, by Rodenburg in the 
Netherlands (www.biopolymers.nl). The technology to produce this material is described in world-
wide patent WO 99/29733. 

The positive features of this process include: 
• it adds value to waste material and to the traditional food-potato supply chain  
• biodegradable products are produced, with greater use of renewable resources 
• lower costs and prices can be achieved, compared to comparable petrochemical-based materials, 

although access to sufficient waste material in a concentrated location is required, otherwise 
transport costs can overwhelm the system. 

The main negative factor is the sensitivity of the product to water, though this can be adjusted, along 
with the degredation. In addition, the product seems to be unsuitable for film blowing, although new 
developments are emerging that may improve matters.  

(b) Potato waste to polyhydroxyalkanoate (PLA) (pathway 1.2.2 in appendix 1) 
Unlike the pathway described in (a) above this route uses only a part of the waste. The potato waste 
consists of approximately 15 per cent fermentable starch. This starch is used in a process similar to 
that described in making PLA from potato starch, although the presented flow of materials for the 
production of PLA is slightly different. After homogenization of the waste the starch is converted to 
lactic acid and subsequently polymerised to PLA.  

Research on the subject of PLA syntheses from potato waste has been performed at the Argonne 
National Laboratory in the USA (www.worldandi.com then follow links to Argonne, and 
www.anl.gov). Further information on PLA can be found at Cargill Dow in the USA 
(www.cargilldow.com).  

                                                           
7 Because there may no longer be a need to pay disposal fees to local authorities to get rid of the waste. 
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Positive features of this process include:  
• it adds value to waste material and the main supply chain  
• biodegradable products are produced, with greater use of renewable resources  
• PLA has improved barrier properties, including relative insensitivity towards water  
• versatility of PLA for numerous applications 
• lactide is a valuable chemical building block.  

The main negative features are:  
• costs of production and associated pricing compared to comparable petrochemical-based materials  
• sensitivity to water during processing at elevated temperatures. 

(c) Potato waste to polyhydroxyalkanoate (PHA) (technical description and opinion is 
in appendix 4, and further details are available on request) 
The University of Hawaii is in the early stages of developing what it calls a novel micro-filtration 
membrane bioreactor system and production process for PHA, using organic wastes such as food 
scraps and agricultural byproducts including potato peel and potato seconds. PHA is produced through 
a series of linked processes: an anaerobic digestion process, an aerobic fermentation process, and the 
micro-filtration membrane. The advantage of this technology is that, in the laboratory, it saves 70–75 
per cent of the carbon raw material, leading to a 45 per cent reduction in the cost of producing the 
polymer. It is also claimed to have a very high polymer content of 72–75 per cent, which makes 
polymer recovery easier. 

The main advantages of this membrane technology include: 
• it adds value to waste material through the higher-valued polymer production, as well as other co-

products such as fertiliser and possibly methane  
• biodegradable products are produced, again with greater use of renewable resources  
• lower costs and prices can be achieved and perhaps zero waste-disposal fees, compared to 

comparable petrochemical-based materials, although access to sufficient volume of waste material 
in a concentrated location is again required. 

The main negative feature is that the production process has had only limited laboratory testing and, 
on a large scale, could still entail high costs. This reflects, in part, the potential for variability in waste 
content, especially in the organic acids (acetic acid, propionic acid, butyric acid, and lactic acid) 
derived from the waste. This variability may result in downgraded PHA quality and associated lower 
costs. Nevertheless, variability in the waste content may be less of a problem for a more homogenous 
waste like that from a potato-processing factory.  

2.3.3 Genetically modified (GM) potato plants (pathway 1.3 in appendix 1) 
All routes mentioned above use traditional potatoes as feedstock in some way. Different extraction, 
purification, conversion or mixing steps are performed to obtain the functionality of the desired 
material. Potato plants produce starch as their energy storage. New research is aiming to use GM 
potatoes to produce components other than starch and to enhance yield.  

(a) Direct production of polyester in GM potato plants 
It has been shown by Bohmert et al. (2002), in a ‘proof of principle’, that PHA (a polyester — see 
route 1.1.4 in appendix 1) is produced in transgenic potato cell cultures and leaves . Nevertheless, this 
is not a unique property as many flowering plants have this capability. While PHA has also been 
grown in alfalfa, arabidopsis, canola, maize, brassica napus, palm oil, soybean, sugar cane, sugar beet, 
switchgrass and tobacco, it is only in arabidopsis that high levels of PHB have been accumulated and 
even here there has been associated negative effects on yield (Wondu Holdings 2002). Solutions to the 
problem of low accumulation of PHB may soon emerge with the discovery by Bohmert et al. (2001) 
that one of the genes involved in PHB production — the β-ketothiolase (phbA) gene — is detrimental 
to the efficient production of transgenic PHB. New catalysts/promoters of PHB are being examined to 
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enhance the yield of PHB. Romano (2002) notes that, to be effective, PHA production requires the 
coordinated expression of several genes. The ideal set of genes is yet to be discovered. 

For potatoes, the current state of the art in technology is the production of PHB and mcl-PHA in 
potato cell cultures and leaves. The schema presented in route 3 of appendix 1 shows the steps to 
produce PHAs in living potato plants on large scale. These steps are based on current knowledge, and 
extensive research is still needed on each activity. First a viable potato plant that produces enough 
PHA will have to be derived from the GM material. With enough suitable plant material, farm 
production of PHA can be tested. These two steps are thought to be critical, as the production of small 
amounts of PHA (as demonstrated in a proof of principle) can depart significantly from the production 
of large quantities of PHA on farmland. Subsequent harvesting and storage of PHA potatoes as well as 
extraction and purification of PHA also requires more research.  

Although the suggested pathway requires extensive research and resources to be developed, it might 
offer an economically attractive route for producing large quantities of PHA. As Steinbuchel (2002) 
noted, the conventional five-stage process of producing PHA through fermentation can be shortened to 
a two-stage process by producing PHA directly in the plant. Moreover, the fermentation activity seems 
to be the reason for the somewhat mixed life-cycle assessment results for PHA, in which both energy 
and emission performance are generally lower than with starch-based bioplastics. 

The Internet links mentioned at section 2.3.1 (c) (route 1.1.4 in appendix 1) provide more background 
information about PHA. Information on the production of PHA in GM potato in the Netherlands can 
be found at ATO (www.ato.dlo.nl) and (www.agralin.nl)), and through the work of Bohmert et al. 
(www.pubmedcentral.nih.gov/). Alexander Steinbuchel has had a long interest in the production of 
biological PHA and chaired the 2002 International Symposium on Biological Polyesters at Munster 
University in Germany. 

The positive features of GM potatoes for direct production of polyesters include: 
• biodegradability of PHA and use of renewable resources  
• resistance of PHA towards water  
• barrier properties of PHA  
• short supply chain that may eventually enable large-scale, low-cost production of PHAs.  

The negative features are that the current process requires more research and development to improve 
yields, and, in some countries, many consumers react against GM products. 

(b) Increased starch content and tuber yield in GM potato plants 
Researchers at the Max Planck Institute (MPI) for Molecular Plant Physiology in Germany have 
recently completed research in which they modified the adenylate pool by changing the activity of the 
plastidial adenylate kinase in potato plants (Regierer et al. 2002). This was achieved by cloning a 
cDNA encoded plastidial adenylate kinase from the potato plant. It had already been shown that the 
adenylate supply to the plastid governs, or at least is associated positively with, starch biosynthesis in 
potato tubers (Tjaden et al. 1998). MPI researchers showed that by reducing the plastidial adenylate 
kinase they achieved an increase in the ADP-glucose content, which is a precursor to increased starch 
biosynthesis. Moreover, this produced a dramatic increase of 60 per cent in the level of starch, as well 
as a twofold increase or more in the amino acids. In addition, the tuber yield was also increased by 39 
per cent. 

The potential productivity outcome of modulation of the plastidial adenylate kinase activity in 
transgenic potato plants has strategic implications for the potato-starch industry. If the research results, 
or even 50 per cent of them, can be extended to commercial applications, and consumers accept the 
GM crop, it is clear that the whole dynamics and competitiveness of the starch industry could be 
changed.  

(c) Modification of starch properties and functionality in potato plants 
The potential to modify potato plant properties and their functionality through genetic engineering is 
significant. It has enabled modification of granule size and variability in granule size ( Ji et al. 2004); 
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to produce high-amylopectin starch (http://www.avebe.com); and to produce high amylose starch 
(Schwall et al. 2000). 

 

CASE STUDY 1: ‘SOLANYL’ 
Solanyl is a bioplastic made by Rodenburg Biopolymers at Oosterhout in the Netherlands. 
Rodenburg Biopolymers is a subsidiary of the Rodenburg Group which, among other things, has 
investments in potato co-products arising from their waste or co-product resource material. In the 
past a large proportion of this co-product resource was used to make low-cost animal feed. Now a 
large part is used to make bioplastics. Biopolymers are seen as a value-adding alternative 
product. 
Solanyl is claimed to be the first bioplastic to reach a price comparable with the high-volume, 
regular synthetic plastics. The cost of the potato-starch component of their raw material feedstock 
is seen as zero (in fact, it’s not zero because there is an opportunity cost of using it elsewhere, in 
feed, for instance) in a blend that could comprise 50 per cent potato waste and 50 per cent 
biopolymer blend. The benefit to processors is that the cost of waste disposal is reduced, perhaps 
to zero, instead of their paying a tax on discharges to municipal waste facilities. If waste discharge 
fees or taxes are applied by environmental agencies, but then avoided by the processor using the 
waste to make bioplastics, the impact is similar to a negative tax or negative cost. This, in turn, 
depending on the level of competition between processors, generates a capacity to pay higher 
prices to growers or higher profits for the processor. 
Solanyl is produced in a four-stage process: 1. fermentation; 2. drying; 3. extrusion; 4. 
conditioning. After conditioning and mixing, the blended biopolymer is packed and ready for use in 
traditional injection moulding and extrusion equipment. Solanyl has been used to make plastic 
flowerpots, specialised paper products, roof protection layers, and car components. Its main 
limitation seems to be that it cannot be used for film blowing, although new developments may 
solve this problem. Like all starch-based products, it is also sensitive to water. Questions about 
the presence of pesticides in potato peel, and their final resting place in the process, were raised 
at the 2002 York Conference on bioplastics. Further questions exist in terms of variability in a 
product that uses material from a range of producers and processors. 
To produce 2280 kg of Solanyl it takes about 1000 kg of dehydrated potato waste, 200 kg of 
additives and 1200 kg of biopolymer mix, such as PLA from a supplier like Cargill Dow Polymers. 
In brief, the potato waste acts as a cost-diluting substrate in the blended material. While there 
may be questions about loss of functionality and the traditional flexibility of standard starch, these 
have to be set against the benefits of lower cost and market penetration, especially for use in 
basic plastic products that do not need a high-performing resin. 
Rodenburg Biopolymers’s capacity to produce biopolymers is about 8–10 000 t/year, with plans 
for expansion to 40 000 tonnes. If an 8000 t/year plant were established, it would need about 3333 
tonnes of waste or co-product resource, 666 tonnes of additives, and 4000 kg of purified 
biopolymer (e.g. PLA) for mixing. This volume of waste would seem to be available at one or 
more processing plants in Australia. 
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3. The Market Situation, Outlook and Competitive Profile of 
Bioplastics 
Gobal bioplastics production is about 40 000 t/year, with most of it in Europe and less than 100 tones 
in Australia. There is great variability in projections, which range from 1.3 to 2.5 million t/year by 
2010–20. Maize and wheat starch account for over three-quarters of the starch now used in bioplastics. 

The main problem for this industry is that the ideal bioplastic material is yet to be discovered, 
designed and developed to satisfy the severe demands of price and functionality required.  

3.1 The market size and growth trends 
Making estimates about the future size of the biodegradable plastics market is hazardous, particularly 
when we reflect on the assumptions that are made about key factors such as regulatory influences, the 
adoption of new technology and the relative price of substitutes, which are, in turn, driven by volatile 
oil, gas and naptha prices. In 1994 the Japanese Ministry of International Trade and Industry estimated 
that there was a potential global market for biodegradable plastics of 30 million t/year and that 
biodegradable plastics could account for 25 per cent of total Japanese plastics consumption 
(Warmington 1999). That may still happen, but in 2002 the market share of biodegradable plastics was 
still less than 1.0 per cent in Japan, as it is in most other countries.  

Van Erven (2001) estimated that the global capacity of biodegradable plastics could be around 350 000 
tonnes, with a large proportion of it in the USA. This estimate implies a very low utilization of 
capacity rate of less than 10 per cent, but it seems to have included new and unused capacity of 
140 000 tonnes of PLA from Cargill in the USA.  

In 2001, world production of biodegradable plastics was estimated by Clarinval (2002) to be less than 
20 000 tonnes, and capacity at 46 000 tonnes, over 60 per cent of which is in Europe. But by late 2002, 
Degli Innocenti and Bastioli (2002) estimated that production of starch-based plastics alone amounted 
to 25 000 t/year and the total biodegradable market to around 32 000 tonnes. Guilbert (2003) estimated 
that the current European market for biodegradable polymers is mainly derived from renewable 
feedstock materials and is about 40 000 t/year.  

Compared with over 180 million tonnes of synthetic polymers, this is a very small market share. 
However, the development of a new range of bioplastics with improved functionality and 
environmental benefits in line with EU objectives is expected to generate increased growth. This 
prompted Guilbert to project that the bioplastics market could have a market share of 1.5 per cent of 
the plastics market by 2010. On this basis, the bioplastics market would be approaching 4 million 
t/year by 2010.  

The International Biodegradable Polymer Association expects bioplastics in the EU to grow by 2–4 
million tonnes by 2020. Proctor and Gamble expect the market to grow to 1.2 million tonnes globally 
over the coming decade. They expect most of the growth in the market for bioplastics to be in utensils 
for the fast-food industry (cups, plates, knives, forks, straws) (cited in Crank et al. 2003). Other 
growth areas are in thermoformed products (disposable containers and tubs for dairy products), coated 
paper (e.g. laminates for chocolate bars), coated corrugated materials (display cartons), and 
agricultural film. 
The most recent projection, however, by Crank et al. (2003) is that bioplastics production would be 
between 1.3 and 2.5 million tonnes by 2010, with the lower estimate based on passive supporting 
policies and regulations and the upper estimate supported widely by regulations favouring bioplastics 
(see table 3.1). 
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Table 3.1: Projected production of bio-based plastics, by policy stance: 2002–2020 
(’000 tonnes) 

 

Starch 
polymers, 

without P&M* 

Starch 
Polymers, 
with P&M 

Polyester, 
without P&M 

Polyester, 
with P&M 

Total, 
without P&M 

Total, with 
P&M 

Europe       

2002 25 25 0 0 25 25 

2010 250 500 250 500 500 1000 

2020 375 750 500 1000 875 1750 

Global       

2002 110 110 30 30 140 140 

2010 375 750 900 1,750 1275 2500 

2020 550 1125 1650 3050 2200 4175 

*P&M = Policies and measures to support use of bioplastics. 

Source: Crank et al. (2003) 

At present in Australia the consumption of bioplastics is estimated to be less than 100 t/year. If 
Australia manages to preserve the same share it has in the petrochemical polymer market (1 per cent) 
then it would use about 22 000 tonnes of bioplastics by 2020 (12 750 tonnes by 2010) with passive 
policies and measures, or 42 000 tonnes (25 000 tonnes by 2010) with active policies and measures. 
Starch-based bioplastics use in Australia would be 5500 tonnes by 2020 (3750 tonnes by 2010) with 
passive policies and measures, and 11 250 tonnes by 2020 (7,500 tonnes by 2010) with active policies 
and measures.  

Despite its modest performance, optimism remains strong in the biodegradable plastics industry, 
especially in North America and western Europe, with continuing announcements of plans for 
expansion in capacity and production. This reflects the emergence of new technologies and growing 
regulatory support from government for industries and practices that make more use of renewable 
energy and renewable feedstocks with less GHG.  

3.2 Market segments 
In Australia, the main applications for plastics are in packaging (28 per cent), building and 
construction (13 per cent), plumbing (12 per cent), furniture and bedding (6 per cent), electrical (5 per 
cent) and agriculture (4 per cent). Similar market shares prevail in the world market. 

It is in packaging and agriculture that starch has achieved market penetration, specifically for 
packaging films, bags, tableware, trays and film for wrapping goods. In agriculture the penetration has 
been highest in PCL blends for mulch films, pot plants, twine and related products.  
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Chart 3.1: Apparent resin consumption, by industry: Australia 2001 
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Source: PACIA 2001, ABS 

Packaging applications, including soluble foam for industrial packaging and film for bags, sacks and 
mulch film, account for more than 75 per cent of the market for biodegradable starch-based plastics in 
western Europe. In Australia, the value of turnover of plastic bag and film manufacturing is about $1.5 
billion/year and for plastics foam products its about $0.65 billion/year. Product market possibilities 
include pot plant containers (200 t/year); bale covers (600t/year);dry-good trays for biscuits etc. 
(100t/year); cereal packaging (4000 t/year); bread bags (5000t/year); 6.9 billion shopping bags (36 850 
t/year); garbage bags (15–30 000t/year) and mulch film (4000 t/year).  

In terms of growth rates in the Australian market the two leading sectors are agriculture and marine 
equipment, which both have compound growth rates of over 10 per cent/year over the past five years, 
but they start from relatively low market-share bases. 

Chart 3.2: Resin market segment growth rates, 1994–1999: Australia 
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3.3 Feedstock material segments 
The main types of resins used in Australia are high-density polyethylene (HDPE) (17 per cent market 
share) and polypropylene (PP) (14.5 per cent). Low-density polyethylene (LDPE) has a share of about 
10 per cent and linear low-density polyethylene (LLDPE) a share of eight per cent. These four resins 
account for almost three quarters of the materials used in producing plastics for the agricultural and 
packaging segments.  

3.4 Processing methods  
In Australia most plastics products are produced through injection-moulded processing techniques, 
using thermoplastics granules or powder-form resins. Nearly 40 per cent of industry turnover, valued 
at about $7 billion/year, is produced by injection-moulded processing methods. It is the main 
processing method for PP and polystyrene (PS). 

Bioplastics can be used with these same processing methods. They do not need their own processing 
methods. But as with any formulation, knowledge of material properties, machinery management, and 
plasticiser and blending possibilities is critical. PHB, for example, might be seen as a difficult plastic 
to process. It is difficult to extrude or inject by itself because of its low viscosity melt, but this problem 
offers simultaneously the potential to easily form very thin-walled products with complex structures, 
but without excessive clamping forces 8 (Hanggi 2001). The low viscosity melt problem of PHB can 
be overcome by lowering or increasing the temperature profile of the extruder or injection molding 
machine, which makes the resin into a more sticky material. In addition, the crystallization tendency of 
PHB can enable lower cycling times in converting activities, enabled by the management of 
temperature profiles during processing and the addition of plasticisers. 

3.5 Market drivers 
At the 2002 National Conference of the Plastics and Chemicals Industry Association in Australia, the 
principal and owner of Kevron Plastics, K. N. Chambers, described the four criteria that had enabled 
their company to achieve a 90 per cent share of a niche market in Australia, and penetration of large 
markets in western Europe and Canada. While the products of Kevron (plastic keytags and luggage 
tags) are not made of bioplastics the principles they follow in marketing are relevant to penetrating the 
general plastics market, both in Australia and overseas. Kevron believe that to be successful in the 
plastics product market the supplier must be able to deliver on at least three of the following four 
attributes: 
• superior design to those of competitors 
• better prices than competitors 
• equal or better quality than competitors 
• ability to satisfy the customers’ service expectations. 

Chambers also added that ‘networking’ is the most important thing in a marketing plan. This means 
exhibiting at major trade fairs in Europe and North America, and making regular contact with 
customers to ensure they are fully satisfied. 

The ease with which complicated shapes and designs can be produced in plastics materials and 
products is probably the principal reason for their exceptional growth over the past half century. New 
plastics materials that have enabled different shapes, higher strength, lower weight, integration of 
components and incorporation of aesthetically appealing attributes have helped plastics replace steel, 
wood and, increasingly, aluminium. There is no sign of a reversal in this trend. 

The role of quality in market penetration and sustainable business development is self-evident. It is in 

                                                           
8 Clamping force is the force required in injection molding to keep the mold closed against the pressure of the 
material 
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this area that there has been less scrutiny of bioplastics than synthetics, and where more work could be 
done. The variability in the properties of agricultural feedstocks such as starch and its impact on resin 
and processing performance requires more research. 

Biodegradable plastics are still relatively expensive, although the disadvantage is narrowing. Innocenti 
and Bastioli (2002) indicated that starch-based bioplastics range in price from €1.25 to €4/kg ($A2.23 
to $7.14/kg). At the same time, HDPE was being traded at less than $2.00/kg. Of the range of 
biodegradable plastics now on offer, it is the starch-based plastics that are most competitive in terms of 
cost, though PLA from Cargill is also understood to be available at low cost for large orders. 

In a similar vein to Chambers, another plastics analyst Townsend (2001) notes that it is critical for 
plastics producers to understand how their business practices, as well as their resins and converted 
products, influence their customers’ experiences, and how this affects customer satisfaction, loyalty 
and repeat purchases. More often than not, analysts and producers of bioplastics assume that the 
attributes of biodegradability and use of renewable resources will motivate consumers to beat a path to 
the door of biodegradable plastics suppliers. But Gofers (2002) concluded that consumers are not that 
interested in the production or degradation methods of biodegradable products, and claims of 
biodegradability would not provide the basis for a price premium for the starch or resin. The low 
market share of biodegradable plastics adds support to this belief. Instead he suggests more effort 
should be put into the design and development of new products that can exploit the functional 
characteristics of biodegradability as well as other attributes. He suggests avoiding entering into pure 
cost and price competition with the existing range of high-volume thermoplastic resins where cost 
competition is severe.  

3.6 Market practices and branding 
While high expectations about growth in biodegradable plastics production have not materialised over 
the past decade, the industry continues to attract the significant and growing interest of major chemical 
companies. These companies include Cargill Dow Polymers, DuPont, Eastman Chemicals, BASF 
AG,and National Starch and Chemicals. There are also a number of more specialised biodegradable 
plastic companies including Novamont SpA, Rodenburg Biopolymers, Biotec GmbH, AVEBE, 
EarthShell Corporation (primarily a technology source with an association with Dupont), and 
Potatopak, which all have some exposure to the use of potato starch in making biodegradable plastics 
and are major players in the market. The Australia company Plantec has been developing 
biodegradable plastics trays from cornstarch for use in thermoformed products, including biscuit, 
confectionery and chocolate packaging. 

3.7 Marketing structure and distribution channels 
There are three distinctive marketing and distribution strategies emerging for bioplastics. These 
strategies reflect different levels of access to capital and distribution networks, basic preferences and 
degrees of specialization. One involves the relatively smaller plastics converter firm, with typically 
higher operating costs; another, a larger firm being positioned for expansion through low costs; and 
then another is the specialised technology provider. The smaller higher-cost converters are typically 
more vertically integrated and involved in both making and converting the resin to a product for the 
end consumer. The larger firms focus more or entirely on the resin market and leave conversion to the 
myriad of specialised converters that dominate the traditional plastics industry. The technology 
provider is a specialist originator and developer of technology that is made available to a network of 
resin producers and converters through licenses. 

Even though expansion plans involve much larger capacity plants of 50 000 t/year or more, there are 
still many plants with capacity under 5000 t/year. Jongboom of Rodenburg Biopolymers in the 
Netherlands estimated in 2002 that there were about 50 bioplastics producers worldwide, six of which 
have capacity above 10 000 t/year and ten have capacity above 40 000 tonnes. The capacity leader is 
Cargill Dow Polymers, with a 140 000 t/year PLA plant in Nebraska, and they have plans to build a 
further three world-scale plants this decade, one each in Europe, Asia and some other region 
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(Chemical Week 2002). PVAXX is also expanding its capacity of synthetic biodegradable plastics by 
100 000 t/year with a major new plant in Dubai. In Germany, BASF is planning to increase its 
production of Ecoflex, another biodegradable synthetic, from 8000 to 30 000 t/yr.  

Large plants have the ability to reduce unit overheads and operating costs and increase the price 
competitiveness of biodegradable plastics, but to achieve this outcome it is critical that they operate at 
above 80 per cent capacity. Unless this level is achieved, small-sized plants become increasingly 
competitive because they can operate with relatively low capital costs. 

The current structure of the bioplastics industry is unstable, reflecting the infant nature of the industry 
and the lack of dominant technology. In these circumstances large-scale plants seem to be more 
vulnerable than small ones to technology breakthroughs that could result in dramatic decreases in unit 
costs. This is because current technologies still have some way to go before they compete with 
synthetics. Nevertheless, it is also important to recognise that large-scale plants are supported by 
companies with significant resources. Given the cost-sensitive nature of the plastics industry generally, 
it seems reasonable to expect continued rationalisation of capacity with increasing concentration of 
ownership. This outcome, in turn, can be expected to lead to increased utilization of capacity and 
declining unit costs for larger firms.  

3.8 Marketing strategy 
Development of a marketing strategy for bioplastics from potatoes is complicated by major 
uncertainties about the future of not just bioplastics, but also the supply of materials such as GM starch 
and the general plastics market, including its vulnerability to oil price rises. The seven major 
uncertainties identified are: 

1. Technology breakthroughs, which might happen in plant breeding of potatoes themselves or with a 
substitute crop or in processing technology (for both bioplastics and traditional resins). These 
outcomes could lead to significantly lower costs and increased price competition, and major 
changes in market shares. 

2. Changes in regulations, especially in waste management, which could affect work practices and 
selection of materials for feedstock and energy. Other regulations that are subject to change include 
water rights for irrigation of potato crops and the cost of water rights. 

3. Changes in the relative prices and costs of feedstock and energy sources. For example, a substantial 
increase in the price of crude oil and naptha, which is used extensively in making traditional 
plastics, could result in increased cost competitiveness and a growing market share for bioplastics. 

4. Trade barriers, including subsidies and other non-tariff barriers (e.g. bans on use of imported 
products made from GMOs), which may limit the prospects for penetrating key growth markets in, 
for example, North America and Western Europe. 

5. Shifts in consumer sentiment and market behaviour. These shifts may involve a preference for 
products made from renewable energy or with reduced GHG emissions. Other shifts could be in the 
attitudes to products made from transgenic crops. 

6. Shifts in the nature of the bioplastics market, from specialty biodegradable segments to broader 
commodity plastics markets. 

7. Design shifts. These include the design of new materials, new plant varieties and new plastic 
products. 

Against this background of uncertainty it is useful to construct some scenarios for the purpose of 
planning and dealing systematically with the risks and uncertainties involved. This can help in 
formulating a marketing strategy.  

The first step in developing a bioplastics scenario for potatoes is to consolidate the sources of 
uncertainty by eliminating dependent sources of uncertainty, leaving independent sources as the main 
points of interest. In this way, we can clearly identify the things that cause uncertainty. For 
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convenience and simplicity the independent sources of uncertainty are listed under two categories: 

Supply uncertainties 
The supply uncertainties are caused by changes in technology, regulations, relative costs and design. 
Design, often related to technology, can reduce the costs of making products. 

Demand uncertainties 
The demand uncertainties are being caused by trade barriers and general shifts in consumer sentiment. 
Regulations (e.g. a tax on plastics bags at the supermarket) and design shifts are also sources of 
demand uncertainty. 

The characteristics of supply and demand vary across these scenarios and probably not in harmony 
with each other. For example, it is possible that the regulatory environment might favour greater use of 
biodegradable plastics, but markets fail to emerge because of consumer resistance to higher prices. 
Table 3.2 (on next page) sets out some features of these scenarios in the context of a firm making 
bioplastics from potatoes. 
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Table 3.2: Bioplastics scenarios and characteristics 
  Scenario 1 Scenario 2 Scenario 3 

U
nc

er
ta

in
ty

 
so

ur
ce

 Feature of 
uncertainty 

Bioplastics market fails to 
emerge. 

Only biodegradable plastics 
emerge. 

Balance of biodegradable & non-de
bioplastics emerge. 

Technology Transgenic crops fail to 
emerge & farm yields of 
potatoes & processing 
technology stay the same. 

Processing technology 
breakthroughs with a bias 
towards biodegradable 
plastics. 

Improved plant varieties & widespre
processing technology breakthrough

Regulations Either don’t emerge or fail 
to influence suppliers. 

Waste regulations emerge & 
increase the use of 
biodegradable plastics. 

General increase in the regulatory e
(e.g. Kyoto Protocol implemented), 
use of renewable energy & low emis

Cost of oil & 
substitutes 

Relative prices of oil & 
crops remain unchanged, 
as well as relative prices 
of bioplastics & synthetics. 

Moderate increase in the 
price of oil relative to crops, 
as well as the relative price 
of synthetics to 
biodegradables. 

Major increase in the price of oil. Bio
now cheaper than synthetics. 

S
up

pl
y 

sh
ift

 

Design Little change. Moderate improvements in 
design of products using 
bioplastics. 

Major design improvement in biopla
leading to gains in functionality of b

Trade 
barriers 

Remain unchanged.  US – Australian Free Trade 
Agreement in place. 
Increased access to western 
European markets. 

Full access to European & US mark
bioplastic resins. 

Consumer 
sentiment 

Consumers remain 
indifferent to renewable 
energy & biodegradability. 

Consumers starting to 
express preference for 
biodegradable products. 

Strong preference for bioplastic pro

Regulations Regulations continue in 
present form, main impact 
at the waste management 
or supply level. 

Regulations start to have 
direct impact at consumer 
level — now a tax on non-
degradable plastic bags. 

Kyoto Protocol & other regulations s
have impact on bioplastics.  D

em
an

d 
sh

ift
 

Design Remains unchanged. New designs emerging for 
biodegradables, improved 
control of degradability. 

Widespread new designs improving
functionality of bioplastics.  

These scenarios have implications for competitive strategy, the ideal solution for which may be quite 
different across the scenarios. The ideal competitive strategy is likely to be different for firms and 
industries of different sizes. Small firms and industries may be induced to prepare for just one 
scenario, a high-risk solution, but perhaps an unavoidable one if resource constraints are severe. A 
large firm may have the resources to cope with all scenarios, but it might simultaneously expose itself 
to lack of specialisation.  

Again, it is emphasised that the features associated with these uncertainties may not emerge in 
harmony. In fact, from past experience it is quite likely they will not be harmonised. For example, a 
sharp increase in the price of oil may not emerge, at least in the next 10 years, but new technologies 
could still emerge with the growing R&D resources now being allocated to processes and materials 
based on renewable energy. 

Table 3.3, using Porter’s (1985) approach, describes the likely industry structure emerging with each 
of the three scenarios described above.  
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Table 3.3: Industry structural variables associated with bioplastics scenarios 
 Scenario 1 Scenario 2 Scenario 3 

 Bioplastics market fails to 
emerge. 

Only biodegradable plastics 
emerge. 

Balance of biodegradable & 
non-degradable bioplastics 
emerge. 

Entry barriers Economies of scale in 
synthetic resins remain high 
& oil prices low. Access to 
plant breeding & processing 
technology for bioplastics is 
limited. 

Larger companies starting to 
emerge with biodegradable 
resins, but smaller firms 
may survive in niche 
markets & with strong 
marketing. 

Economies of scale are 
reasserted. Access to plant 
breeding & processing 
technology improves. 

Supplier power Significant power held by 
major synthetic plastics 
resin producers & by major 
plant breeders. Oil suppliers 
have influence. 

Vertical integration by small 
suppliers enables market 
penetration & poses some 
threat to majors. More 
irritation than threat! 

Power of major resin 
suppliers is being 
reasserted with economies 
of scale. 

Buying power Converter buyers remain 
sensitive to price & 
performance. 

Buyers remain sensitive to 
price & performance, but 
start to see some benefits in 
biodegradablity. 

Buyers remain sensitive to 
price & performance, but 
recognise bioplastics 
attributes. 

Substitution 
threats 

Synthetics remain low cost, 
with better functionality & 
few rivals. 

Growing competition 
between biodegradables 
made from different 
materials & different plant 
origins. 

Widespread competition 
between different plants & 
materials for bioplastics, as 
well as between synthetics 
& bioplastics. 

General level of 
competition & 
rivalry 

Intense between converters, 
but moderate between resin 
suppliers with established 
distribution networks. 

Moderate at first then 
intense after the growth in 
biodegradables stabilises. 

Moderate, then intense 
after the initial growth 
phase. 

Structural 
attractiveness 

Very unattractive for 
bioplastics, except in niche 
markets with regulatory 
support. 

Moderately attractive. Very attractive over the 
short–medium term, maybe 
the long term. 

Sources of 
competitive 
advantage 

Low cost supplier of 
bioplastics with high 
performance & strong brand 
image & favourable 
regulations.  

High biodegradability 
performance. Strong 
support in training. 

Low cost, coupled with high 
functionality & 
environmental performance. 

3.9 Marketing gaps and position for new entrants 
The lure of biodegradable plastics is the prospect of capturing a share, even a small share, of the vast 
and growing general plastics market. The global plastics market is expected to be over 200 million 
tonnes in 2004, growing to 258 million tonnes by 2010 (Association of German Plastics 
Manufacturers 2001). The general plastics market, however, is highly dependent on non-renewable 
energy and hydrocarbon feedstocks, especially crude oil, natural gas, naptha and coal. Supply 
shortages are expected to emerge, especially for crude oil, within the next 20 years. Fossil-fuel-based 
plastics are also facing GHG emission problems and extra costs in emission reduction. 

The main strengths of biodegradable plastics, and especially thermoplastic starches (TPS), relate to 
their potential for improved environmental performance. European research shows that TPSs offer 
energy-efficiency improvements of 12–40 gigajoules per metric tonne (GJ/t) of plastics produced and 
reductions of 0.8–3.2 t of CO2 per tonne of plastics produced in a resin with polyethylene (PE) 
properties and the added attribute of biodegradability (Patel 2002). Biodegradables are also viewed as 
having a favourable impact in waste management as a consequence of their potential compostability, 
which in some countries means reduced waste-disposal fees. In Australia, however, biodegradables are 
viewed with some suspicion because they are seen as competing with the growing presence of 
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recycled plastics. 

The main marketing weakness of biodegradable plastics is their relatively high cost of production. A 
plastic biodegradable supermarket bag still costs at least 15 cents using MaterBi from Novamont, 
compared to less than five cents using non-degradable PE. Nevertheless, the price disadvantage of 
biodegradable plastics is continuing to decline with new discoveries and regulations favouring 
biodegradable and recycled products. Biodegradable plastics also continue to face constraints in terms 
of their functional performance, with claims by proponents and counterclaims by opponents about 
levels of biodegradability, compostability and barrier properties. 

The essence of the marketing opportunity is to create and present a range of bioplastic products with 
favourable environmental performance at a competitive cost. Novamont, Rodenburg, Biotec, AVEBE 
and Potatopak have shown that market penetration is possible by focusing on niche segments that are 
prepared to pay a modest price premium.  

The main products in which biodegradable plastics have managed to gain market share are packaging 
items, especially in the form of films, injection- and compression-moulded products and foams, 
though there are also many other applications in smaller volume. Film uses include composting bags, 
shopping bags, laminated paper, nappy backings, agricultural mulch films and food packaging in the 
form of nets and bags for fruit and vegetables.  

The main injection- and compression-moulded products are disposable cups, trays and tumblers for 
food and drink, cutlery, nursery pots and slow-release devices. Foam applications of biodegradables 
are mainly in the form of loose fills for industrial packaging. There are important differences between 
the products that have penetrated the more regulated European market compared with the less 
regulated US market. In the USA, loose fills account for almost 75 per cent of biodegradable plastics 
consumption, whereas loose fills account for only 25 per cent of the EU market where compost bags 
account for 50 per cent of the market. The Australian market is positioned midway between these two 
extremes with an emerging waste-recycling infrastructure and heavy reliance on a ‘voluntary’ National 
Packaging Covenant. The different regulatory arrangements affect significantly the relative costs of 
production and recycling and ultimately the markets for different products.  

In the Australian market there is about 300 000 tonnes of resin used in packaging and agriculture, and 
currently supplied by PE, PP and PS, and which could be penetrated by biodegradables. We estimate 
that these markets will grow to around 410 000 tonnes by 2010. Australia has significant and growing 
trade deficits for bags and films, and injection-moulded products. In fact, the whole plastics industry in 
Australia is facing a growing trade deficit, which could be $4 billion/year by 2010, up from $1.3 
billion at present. As we pointed our earlier, over 60 per cent of the 6.9 billion plastic bags used each 
year in Australia are imported (Environmental Protection and Heritage Council 2002). 

The potential for potatoes as a starch feedstock for biodegradable plastics production will be governed 
largely by the cost of production, and price to converters and end users relative to substitutes. The 
substitutes include not only the traditional non-degradable resins (and their associated recycling 
arrangements), but also other starches (especially maize, wheat and, increasingly, tapioca), and the 
emerging alternative biodegradable resins including synthetics. (For example, Amcor Flexibles 
Australasia is using an additive to produce a low-cost synthetic biodegradable bag — the ‘BioBag’). 
In addition, there is growing recycling of traditional plastics and this is effectively a competing supply 
chain to biodegradables.  

TPS costs are governed primarily by the cost of starch in the underlying agricultural crop, which in 
turn is affected by the source (waste material or whole crop) and yield of starch (from whole crops). In 
Europe, industrial potatoes yield about 21 per cent starch and an elaborate system of price support, 
quotas and restitution payments for processors and end users is in place. It is perhaps only through this 
system, coupled with the more favourable environmental regulations of Europe, that potato starch 
from whole potatoes can currently emerge as a feedstock for TPS production because the price of 
potato starch in the world market is more than double that of near substitutes such as corn and wheat.  



26 

Bioplastics from potato waste  
From the market assessment we conclude that the best current prospects in Australia for developing a 
bioplastics business based on potato rest with capturing the required materials from the waste. Two 
companies, Rodenburg Biopolymers BV of the Netherlands, and Potatopak of the UK, have managed 
to establish operations in Europe based on waste potatoes. And more new technologies are emerging 
including, for example, the micro-filtration system, outlined in section 2.3.2(c). The waste potato crop 
stream in the UK contains about 12.5 per cent starch, but in Australia it is probably not higher than 10 
per cent. A small-scale plant would probably require 5000 tonnes of starch/year (that’s about the 
planned size of the Potatopak plant in the UK), though it could start off with a smaller volume of 1000 
tonnes, building to 5000 tonnes over, say, a 3–5 year period. A 5000 tonne plant would need 50 000 
tonnes of waste potato input.  

An alternative waste option is to set up a plant based on organic waste material (including not just 
waste potato, but also other organic waste), which would broaden the scope for securing a large 
volume of feedstock at a single location. The organic waste could be obtained from both industrial and 
kerbside collection where some councils are now separating organic waste.  

Bioplastics from a new starch plant 
Our conclusion to focus initially on the waste for bioplastics does not imply that a starch business 
based on whole potatoes in Australia is any less viable. A potato-starch plant would not, however, 
have the biodegradable plastics market as an important source of demand unless costs can be 
substantially reduced. Paper manufacturing and the food industry would be the major markets for a 
potato-starch plant. Bioplastics would be unlikely to account for more than five per cent of an 
efficient-sized starch plant. 

Australia is now importing an increasing quantity of starch, in part because of the high cost of grain, 
which has been the traditional feedstock for Manildra and Penfords, the two main starch producers. 
Against this background a starch facility based on potatoes could be viable providing it was large 
scale, incorporated the latest technology, had reliable access to high-starch potatoes and could produce 
at internationally competitive prices. In our discussions with starch users it is evident they are very 
price-sensitive customers, suggesting that any potential starch supplier would need to be able to 
exploit the available economies of scale, have access to low-cost potatoes and operate with best 
practices. 

The potential of Australian potato producers to supply the needs of an efficient-sized starch plant and 
bioplastics plant is discussed further in section 4. 

GMO Potatoes 
Other options for developing bioplastics from whole potatoes include genetic modifications to produce 
PHB directly in the potato plant or genetic modifications to the amylose and amylopectin ratios. MPI, 
BASF and Plant Sciences Sweden have developed PHB producing potato plants and others have 
developed high yield, high-amylopectin and high-amylose starch potatoes. While these discoveries 
may enable low cost solutions there are potential problems with consumer and producer acceptance of 
the gene technology. More work is required to assess the response of consumers to GMO use where 
the end product is an industrial, not food product. 
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4. Situation and Outlook for an Australian Supply of 
Potatoes for Starch and Bioplastics 

Summary 
Growers would need significant support, well in advance of establishing a starch processing plant to 
ensure there is a reliable supply of high-quality, high-starch potatoes available at start-up. They will 
also need to introduce contracting methods of production with larger machines being used to reduce 
overheads.  

Plant-breeding activity would also need to start screening and testing high-starch varieties well in 
advance of a processing operation, and consideration may need to be given to breeding varieties more 
suited to Australian conditions, including plants that grow into shorter day lengths. 

A key issue is whether Australia can be a reliable supplier of high quality potatoes for a starch 
processor at costs that are no higher, and preferably lower, than the lowest-cost producers now 
supplying starch plants in other countries.  

The potential capacity of Australia to supply would be governed by four main factors: 
• the potential size and quality of current potato-processing waste in Australia and from tubers on 

farms 
• the presence and proximity for consolidation of potential production locations and costs of 

producing specialised starch potatoes in these locations 
• relative starch-potato costs, delivered to the factory gate, compared to other potato-starch 

producing countries and other on-farm enterprises 
• starch supply-chain dynamics to achieve a high level of integration between production, processing 

and markets. 

4.1 Current waste and starch grade 
Potato processing produces non-chip material that is either used in secondary processing lines or ends 
up as waste (peel, bruised, blemished and defective potatoes). Waste is mostly used as animal feed, 
sometimes made into starch or occasionally dumped. Waste is often segregated into steamed peel, 
potato slivers and cooked potatoes. About 15–20 per cent of potato tonnage leaves the processing 
activity to be used as animal feeds, or it is dumped.9 

The main loss of starch is through waste water, although recovery systems are installed at major 
processing sites to minimise environmental hazards and to capture value from waste starch (where 
economic). McCain’s at Ballarat have mixed tank digesters for processing potato wastes to produce 
biogas for the heating used in processing.10 

4.1.1 Waste capture 
Waste capture on most processing sites is rudimentary, and industrial-grade starch is recovered from 
effluent water waste. The largest processing potato plant in Australia, Simplot at Ulverstone, processes 
over 300 000 t/year of potatoes and captures 2000–2500 t of industrial-grade, lower-grade starch. This 
starch has some impurities and 8–12 per cent moisture, and recovery is only 0.5 – 0.75 per cent of total 
processed potatoes. Most of this product is sold to Reflex at Burnie, Tasmania, to be used in paper 
production, which is a major market for starch of all origin. Locally produced industrial-grade potato 
starch is sold in Australia at the time of writing this report (June 2003) for approximately $400/t. This 

                                                           
9 Personal communication with Phil O’Keefe, manufacturing manager of Simplot potato-processing plant, at Ulverstone, 
Tasmania. 
10 Freeman K, 1996, Opportunities for Potato Byproduct Industries in Australia, pp. 24. 
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price has declined steadily from $650–700/t with the emergence of tapioca, mainly from Thailand, as a 
competitive starch in the market. The $400/t price for impure native starch is obviously lower than the 
price of purified modified starch.11 In 2001–02 the average price of imported potato starch of various 
qualities into Australia was $840/t. Pre-gelatinised potato starch was quoted at $US2000/t out of India 
in June 2002, but could range in price from less than $US1000 to more than $US2000 depending on 
additives, modifications and order size. In June 2004 native potato starch was being delivered to India 
from Germany for $US600/tonne. 

There is capacity to improve the waste recovery proportion from potato-processing operations in 
Australia, potentially to double the existing volume. Simplot is currently working with Penfords to 
explore the options for improving waste recovery and upgrading their existing starch plant to process 
the waste into food-grade starch. Assuming there is 0.5 – 0.75 per cent recovery at present from most 
processing plants in Australia, improvements to waste recovery technology could increase this level to 
1.0 – 1.3 per cent.12 Infrastructure costs to upgrade starch recovery facilities are not strongly scale-
dependant, although improved recovery facilities are likely only on the largest plants in Australia, 
except where regulations force smaller processors to reduce environmental discharges.  

4.1.2 Starch capture from waste 
Assuming it is economic to capture starch at all major processing facilities in Australia, there would be 
approximately 3000–4950 tonnes (600 000 – 660 000 tonnes X (0.5% – 0.75%) = 3000 – 4950 t) 
industrial starch per year using existing technology. If new technology were installed, waste capture 
may increase to 6000–8580 t/year (600 – 660 000 x (1.0 – 1.3%)).  

4.2 Potato production in Australia 
National production of potatoes is approximately 1.4 million tonnes, with a further 165 000 t/year 
estimated to be lost as tubers on the farm due to ‘greening’, damage etc.13 Australian production is 
small by world standards, although it is a significant contributor to Australian rural and regional 
economies with a farm-gate value of $450m in 2002.14  

In the year ended June 2001 the average yield of potatoes across Australia was 32.9 t/ha, with a range 
from 23.4t/ha in NSW to 44t/ha in Tasmania. Over the past decade there has been a steady, though not 
major increase in yields (figure 4.1). 

                                                           
11 Modified starches have been treated to modify important chemical or physical properties to improve functionality. In 
contrast, unmodified or native starches are recovered in natural form, although new types of native starches are emerging 
with improved functionality and without the need for modification.  
12 Personal communication — Neil Hermann, Simplot Cheltenham, Vic. Penfords indicated to Simplot that recovery will 
double with improvements to equipment in starch waste capture 

13 Freeman (1996), estimated that on-farm tuber waste amounted to 130 000 t out of 1.1million tonnes of production in 1995–
96, equivalent to 11.8% of the delivered crop. Extending this proportion through to the current period there is an estimated 
165 000 t of waste tuber in the ground. Currently this resource is used mainly for stockfeed. Its potential in processing is 
limited by its widely dispersed location. The costs of transport to a centralised processor make it uneconomic to capture. 
14 Australian Bureau of Statistics, Cat. 7501, 2001–02, ‘Value of principal agricultural commodities produced’. 
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Figure 4.1: Potato yields, Australia (t/ha) 
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The highest yields are achieved in Tasmania (figure 4.2), which is the largest producer, and accounted 
for over 25 per cent of Australian production (Australian Bureau of Statistics, Catalogue 7121, various 
editions). Tasmania also accounts for a large share of the potatoes going to the processing sector, 
where unit prices are also lower. In 2000–01 the average unit value of potatoes at the farm gate was 
$352/t, ranging from $450/t in NSW to $208/t in Tasmania.  

Figure 4.2: Potato yields, Australia, by state: 2001 

NSW

Vic

QLD

SA

WA TAS

AUSTRALIA

0
5

10
15
20
25
30
35
40
45

NSW Vic QLD SA WA TAS AUSTRALIA

 
Despite the increase in yields over the past decade, the potato industry’s share of the total value of 
crop production in Australia is declining. In the five-year period ended 2002 the share of potato value 
in total crop production was 2.6 per cent, compared to over 3 per cent in the five-year period 1992–93 
to 1996–97 (Australian Bureau of Statistics, Cat. 7501, various editions). This decline seems to be due, 
in part, to export performance, which in turn, reflects the lack of development of the processing sector, 
including starch processing. 
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Figure 4.3: Share of potatoes in total crop value: Australia  
(value of potatoes/value of total crops) 
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4.2.1 Structure 
About 54 per cent of Australian production is allocated to fresh markets, 11 per cent to crisping, 30 per 
cent to French fry, and five per cent to certified seed. There is no specialised potato seed for starch 
production in Australia. 

Tasmania and Victoria are the leading states for production followed by South Australia, NSW and 
Western Australia. Tasmania is predominantly focused on French fry production while Victoria and 
South Australia have mixed industries of fresh, French fry and crisping potatoes.  

Crisping companies use 150 – 160 000 tonnes of potatoes annually and have opted in recent years to 
favour direct supply from growers rather than stored potatoes. This has lead to the industry sourcing 
potatoes along the length of the eastern seaboard across different climatic zones, but predominantly 
from within Victoria. 

The fresh market industry has consolidated significantly in the last 10 years and much of the 
production is based upon the Murray in NSW–Victoria and the Riverland–Mallee area, spanning down 
to the south-east of South Australia. There are four major packing sheds supplying supermarkets in 
Australia and these businesses source most of their supply from these areas. Growing areas around 
NSW–Victorian and South Australian borders can grow two crops per year and source fresh market 
potatoes for most of the year. 

French fry production is focused in Tasmania, with both large processing companies accounting for a 
large share of production. The largest mainland processing site is the McCain factory at Ballarat, 
which processes 135 000 t/year. This plant sources potatoes initially from northern Victoria and 
southern NSW before moving downstream along the Murray into the Riverland and finally toward the 
south-east of South Australia before commencing harvest in basaltic soils around Ballarat and the 
south-west of Victoria. 

Climatic certainty 
The French fry industry became focused, at least in its early development, mainly on Tasmania 
because of the favourable climate and soil types. Many potato crops were grown on non-irrigated land 
until the 1970s and the regular rainfall of Tasmania generated acceptable yields and quality for 
processing potatoes. Only pockets of the mainland had the same rainfall regularity, and similar soils. 
Industry expansion over the past 10–15 years has kept pace with national demand, largely due to 
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Simplot’s expansion in Tasmania, McCain’s expansion in Victoria, and the development of Saffries in 
South Australia. 

Structural change and economies of scale opportunities 
The suitable climate of Tasmania has seen increasing production of potatoes, although this has been 
achieved by moving to more marginal soil types. At the same time, the industry has consolidated so 
there are fewer, but larger-scale, operators. The introduction of centre-pivot irrigation machines in the 
past 10 years has enabled larger scale and lower fixed costs of production to offset rising production 
costs for labour, fertilisers and other materials.  

Extended inter-seasonal plantings reduce storage costs 
In mainland Australia potato production for processing is increasingly undertaken via centre pivots on 
crops watered from the Murray or from bore water in the south-east of South Australia. French fry 
companies have expanded on the mainland by using limited shed storage and a higher proportion of 
fresh or ground stored material than is the case in Tasmania. Using fresh potatoes lowers the overhead 
and inventory costs of operating a processing plant. Growing in lighter-textured soils has enabled 
higher harvesting speeds and larger machinery to be used, reducing the cost of lifting the crop. 
Expansion in these processing areas has taken place primarily to elongate the processing season so that 
fresh material is sourced in early December, whereas traditionally, new-season processing may have 
been in mid-to-late January. 

Day-length limitations 
Production north of southern NSW is limited to supplying products suitable for niches in the fresh and 
crisping market, because yield potential is lower in lower latitudes (i.e. as we approach the equator). 
Potatoes are long-day plants and carbohydrate production is a function of available sunlight hours and 
favourable diurnal temperature variation (mild-to-warm days and cool-to-mild nights). Latitudes lower 
than 30oS translate to shorter summer day length and often less favourable diurnal temperature 
regimes. This means that yield becomes limiting and the cost per tonne becomes higher the further 
north a crop is grown. 

4.3 Factors influencing the viability and location of a starch 
processing site 
French fry and starch potato production are similar industries in that both rely on high-yielding/high 
solids (mainly starch, with protein, ash and crude fibre) and low-cost potatoes to deliver a 
competitively priced processed product. From this observation it can be seen that potential sites for 
production of starch potatoes are likely to be similar to those used in the production of French fries.  

Cost, quality and a reliable supply of raw material into the front end of a processing line will be the 
main requirements of a viable operation. Standard starch recovery in legacy plants in Europe is about 
17–18 per cent of the unprocessed potato, although some European processors are achieving more 
than 20 per cent (refer to footnote 3, section 2 )15. This means it takes about 5.9 t of raw potatoes to 
produce 1t of starch with standard starch varieties, but with selection of improved high-starch 
varieties, the productivity could be improved to 22 per cent or more starch, implying 4.5 t of raw 
materials to produce 1t of starch. 

Raw material cost and quality is the overriding factor in starch plant viability in Australia. Considering 
that prevailing prices for industrial potato starch with impurities are about $400 per tonne, even if 
food-grade starch could be produced, and is worth $1000 per tonne16 on the market, it would mean 
that raw-material potato pricing would need to be $170/t delivered to the factory using standard starch 

                                                           
15 See appendix 1 for starch content ranges in potatoes. 
16 Open market prices range at present from US$290–500/t for native and modified starch (see 
www.starch.dk/isi/market/market.htm) 
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varieties. This does not account for the variable and overhead processing costs, so, clearly, starch 
production is not viable at the current world prices if standard starch varieties are used. To achieve 
viability in Australia at today’s prices there would need to be a very high starch yield variety, 
containing, say, at least 22 per cent of starch. 

Quality requirements for pre-cleaned white potatoes, suitable to produce food-grade starch in an 
efficient starch-processing plant are equally demanding and include: 
• consistent yield of high starch content in each and every batch. 
• maximum protein content of 2.7 per cent, crude fibre of 1.9 per cent, and ash of 1.2 per cent 
• no exposure to freeze storage 
• no sprouted potatoes 
• maximum of four per cent damaged or cut potatoes and no more than three per cent with organic 

diseases 
• no more than five per cent of adhering clay and other impurities. 

The balance of this report will, therefore, review potential productions sites, in case pricing or 
competitiveness change. In addition, the cost of potato-starch production is estimated, and limitations 
identified in establishing a greenfield site. 

4.3.1 Availability of irrigable horticultural land  
Suitable land for potato production is becoming limited in Tasmania and there is no capacity to sustain 
another large-scale potato-processing industry without competing directly with French fry companies. 
Only one crop can be grown per year in Tasmania and if a starch industry were developed it would 
require considerable capital expenditure for storage. The French fry industry has grown in Tasmania 
with storage being a part of the cost of production. The same development pattern has occurred in 
Europe and North America. Costs of potatoes delivered to the factory range between $190 and $220 
per tonne depending on quality and the time of year for delivery.  

If a starch industry were started in south-eastern Australia, comparable pricing would be necessary 
unless the risks to the grower to accept a lower margin on production could be substantially lowered. 
This assumes that all other variables are equal and yield is comparable to processing potatoes. 

Substantial scope to increase potato production does exist, however, along the Murray from the Finley 
Berrigan area to the Riverland in South Australia. Morey and Sully (1999) identified 4000 ha of land 
suitable for centre pivot production within 150 km of Portland in Victoria and a further 9450 hectares 
within 140 km of Swan Hill. With the price of water increasing, lower-value crops (e.g. irrigated 
pasture and broad-acre crops) will not be able to compete for the cost of water, and more landowners 
may be attracted to horticulture. There is a wide range of harvesting periods for potatoes in the 
Riverina, as table 4.1 below displays. 
Three crops can be grown each year along the Murray and the warmest winter areas can plant in mid-
to-early August to mid-September, and harvest late November to early December. Spring-planted 
crops are usually planted between October and the beginning of December, meaning harvesting will 
commence in late February and continue until May. 
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Table 4.1: Riverina potato harvest periods17 
             

 Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 

Early crop             

Coast             

Riverina             

Mid-season 
crop 

            

Tablelands             

Riverina             

Late crop             

Tablelands             

Coast             

Riverina             

The summer planted crop has a relatively shorter time, in which planting is between late January and 
late February. Planting earlier in January is limited by the risk of poor establishment due to seed-piece 
breakdown because of high temperatures. Planting later than February increases the frost risk forcing 
early maturity of crops in May and subsequent yield penalties. This also increases the chance of lower 
starch levels. The late-planted crops are harvested between June and September. 

4.3.2 Scale of processing and production 
Starch processors and processing equipment manufacturers18 have indicated that a viable plant size 
would involve a first-stage minimum of 100t/hour (2400 t/day) and it would need to operate with a 
high utilisation of capacity (65 per cent+). Processing facilities are designed to have maximum 
throughput per annum, although most operators in Europe are operating only for about 100 days/year. 
Producing well below the designed capacity raises unit costs, making it difficult to achieve full cost 
recovery, although this could be the reality in the short-to-medium term on a greenfield site. 

Developing a reliable group of farm suppliers requires an investment in time, skills and supply-chain 
management. Farmers are likely to invest in the starch potato industry only if they can see and 
experience profitability in production and stability in the industry. A processor would need to take a 
paternalistic approach to assist in the development of a contract grower industry. A supply 
management company (SCM) (Morey & Sully 1999) could facilitate a rapid expansion in production, 
although it is likely that a starch processor with an investment of more than $30m would be the main 
force in demanding an effective supply-chain management system. Operators of a new starch-
processing facility are likely to require 5–10 years to develop the plant to maximum processing 
efficiency unless a specific strategy for fast-track implementation is pursued. 

For a starch industry to compete in Australia against existing potato industries, it must be highly 
mechanised throughout the supply chain with low overhead cost and high labour productivity. Crops 
will need to be grown on sandy soils in areas where it is possible to have at least two crops per year in 
order to fully use capital equipment (pivots, pipeline, tractors and cultivation equipment) most 
effectively. 

                                                           
17 NSW Agnote DPI/410, The NSW Potato Industry 2002 
18 Alfa Laval and others — personal communication. Theoretically, a three-line extraction plant processing 2400 t of cleaned 
white potatoes/day (691 200/year with 6 days/week and 48 weeks/year) would result in lower unit processing costs, but 
capacity has to be fully utilized to gain the economies of scale. Starch processing is examined further in section 5. 
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4.3.3 Growers’ skills 
Growing high-yielding crops of industrial potatoes on sandy soils is not technically easy and 
Australian growers are not that familiar with production of potatoes for starch. Water management and 
nutrition must be managed carefully. Climatic variability in the region can test management skills and 
practices. Experienced growers can turn a bad season into an average result, but a good season must be 
profitable in comparison to the risk and returns for substitute crops, especially potatoes for the fresh 
market and for other industrial applications. Seasonal variability has ramifications for production 
tonnages and quality. 

If 2400 t/day of potatoes are required as a minimum step for low-cost production and processing, it 
would mean existing experienced growers have to be attracted to the starch industry and to 
substantially increase production. In addition, a steady stream of new growers would be needed. 

High-yielding, high-quality potato crops will not be grown by new growers without significant 
agronomic support, and experienced agronomists would be needed to train new growers. Simplot’s 
experience in Tasmania and Western Australia in developing existing growers into larger production 
farms has met with mixed results — large-scale growers must have strong operational and managerial 
skills, coupled with good technical support.  

One idea for developing the growers’ skills would be to promote the development (low-cost land, 
large areas etc.) in western Europe, with the aim of attracting growers from the Netherlands, France or 
Denmark to migrate to Australia to help establish the industry. 

4.3.4 Cultivar selection 
There is, somewhat surprisingly, no record of starch potato cultivar trials in Australia. The national 
potato improvement scheme screens introduced cultivars for crisping, fresh market and French fries, 
but have not screened starch varieties.19  

It would take 2–3 years to initially screen varieties, realistically 5–6 years until screened varieties were 
bulked up to commercial quantities. Micro-tuber propagation may be a means of shortening initial lead 
times to 4–5 years but this carries an additional cost for preparation and materials.20 

Limited information is available internationally on genetically improved varieties that will be released 
into mainstream agriculture in Europe. Commercially available cultivars yield approximately 17–21 
per cent starch, but yield could rise as high as 25 per cent with improved cultivars. 

Genetic modification may improve starch yields, but to date most commercially released GM potatoes 
have concentrated on insect and disease resistance to improve tuber yields and reduce pesticide use. 
Future GM potatoes may continue to focus on reducing the costs of existing varieties. Development 
may include modifications to improve Roundup tolerance and bruise resistance21, unless new market 
possibilities emerge from, for example, extra-high-yield starch, high-amylopectin starch, or high-
amylose starch varieties. 

Most GM potato products have been released on the American continent and they continue to meet 
resistance in the EU. 22 Given that the EU is the largest producer and exporter of potato starch, even 

                                                           
19 Personal communication with Roger Kirkham — NRE Victoria National potato improvement scheme coordinator. 
20 Commercial companies such as Technico extract a price premium in shortening generations via use of micro-tubers to skip 
1–2 multiplication generations. 
21 Monsanto publication: Achievements in Plant Biotechnology, 1999 
22 On June 23–24, GM potato plants were destroyed by invaders of trials at the Robert Koch Institute of breeding research in 
Germany. The GM potatoes were being developed as part of a program aimed at improving nutritional qualities of food 
products by enriching them with a health-promoting carotene named zeaxanthin (Global Potato News 2003). In Ukraine in 
1999, Monsanto also released a genetically engineered potato (Naturemark) containing Bacillus thuringiensis (Bt) to provide 
a built-in pesticide against the colorado beetle, and this attracted the interest of environmental groups and regulations against 
further imports (Greenpeace 1999). 
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though it is with heavy dependence on subsidies, GM technology is unlikely to keep pace with its 
North American counterparts which have had large-scale commercial releases over the past 7–8 years. 
The largest potato-starch producer in the world, AVEBE, and other processors in the EU, have the 
incentive to invest in genetic modification of starch potatoes to maintain a competitive position against 
potato-starch substitutes, and it may be that they will be attracted to countries and regions where GMs 
can be grown (e.g. China). In this context Australia’s capacity to attract the interest of an existing 
starch processor may depend on whether the processor would have access to the highest-yield crops 
available. 

Cultivar releases of GM starch potatoes outside the EU are likely to come at a royalty premium unless 
the owners of the improved cultivars can derive some profits indirectly, perhaps by establishing 
associated processing operations. Independent owners of the cultivars, however, would require the 
royalty premium. There is of course nothing new in this practice. All new inventions seek fees for 
licences and the level is determined ultimately by supply and demand and how much profit producers 
and processors can make from using the improved cultivar. 

4.3.5 Costs of raw material at the processing facility door 
Risk and return 
Growing potatoes in inland climates in Australia carries a degree of risk, sometimes beyond 
management control. The greatest risks to profitability are: 
• late frosts in a spring-planted crop 
• extremely hot summers, leading to poor autumn crop establishment, and also perhaps low starch 

content 
• early frosts in autumn, leading to premature death of the crop 
• price volatility. 

Cost of production between summer- and winter-harvested crops is significantly different because of 
the yield potential. Winter-harvested crops can be expected to yield between 25–40 t/ha,whereas 
winter–spring-planted crops can be expected to yield between 35–50 t/ha depending on the planting 
date and harvesting date. Mid-season crops, planted in October and November, can be expected to 
yield between 30–60 t depending on location — in cooler climates around Ballarat, yield potential is 
higher compared to a hot summer climate around Swan Hill. 

Price volatility is what might be described as a ‘systematic risk’ of potato production, especially in the 
fresh sector, with high production leading to low prices and low production leading to high prices. 
Futures markets can provide some measure of protection against price volatility, but they don’t exist in 
Australia and, in any case, overseas market prices would not correlate with local risks. Meuwissen, 
Van Asseldonk and Huirne, (2000) studied the feasibility of developing a derivative contract for the 
potato-processing industry in the Netherlands. They examined two indices: a yield index (based on 
total weight of potatoes harvested in relation to total hectares harvested) and a weather index (based on 
temperature, rainfall and rainfall shortages for various weather stations in the region). They decided in 
favour of a yield index, which they judged had a better fit with the variables of interest (price risk and 
yield risk), and the potential to manipulate the index was considered small. This type of financial 
product would seem to be able to help growers and processors manage price and yield risk in 
Australia. It could be offered as an over-the-counter financial product by a receptive financial 
institution. 

Structural impediments to cost reduction 
If a processing facility is located in northern Victoria, production cost data from the French fry 
industry is most likely to be similar to starch-potato raw-material cost at the farm gate. Current pricing 
for French fries varies between $195 and $230/t, depending on the contract, time of harvesting etc.  
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Tasmania and Victoria have studied the relative efficiencies of processing potato production in 
Australia and the USA. Data used in an NRE benchmarking study23 indicates that Victorian growers 
are considerably higher-cost producers than their USA counterparts, reflecting lower yields and 
smaller farm size (Beattie 1998; Morey and Sully 1999). Work by Aitken, , Fry and Carr (1999)24 
indicates that the cost of production could be reduced by lowering overhead costs closer to USA 
levels. Figure 4.4 indicates that Australian growers are competitive in variable cost of production but 
have considerably higher capital (fixed) costs. 

Yield in the USA was judged to be the benchmark performance at 59.5 t/ha, yet the reality for 
Australian producers, at least along the Murray and Mallee regions, is that two crops are grown each 
year. Yields are obviously substantially lower than a single crop grown anywhere at the best time of 
the year, including in Idaho. Yield data for the Australian comparison for the ‘top 5 farms’ was set at 
48 t/ha, although this is achievable only in the spring-grown crop in northern Victoria, South Australia 
and Southern NSW. Lower yields in the autumn crop will translate to higher costs per tonne for the 
autumn crop.  

It is unlikely, however, that high-yielding starch varieties will be developed in the northern 
hemisphere, that will grow into days of shortening length and cooler temperatures, as the whole 
European industry is based on spring-planted days of growing length and autumn-harvested crops. 
Crop budgeting in appendix 3 indicates that producers will need more than $200 per tonne for autumn-
planted crops to offset risks associated with late production (realistically, costs will need to be $220–
$240). These differences in seasonal production costs may be resolved through seasonal price 
premiums, with higher prices for autumn crops and relatively lower prices for spring crops. 

Previous benchmarking studies seem to have neglected inherent differences in these respects and the 
current reality is that market prices below $200/t are not likely to be sustainable in the face of 
competition from substitute enterprises such as fresh potatoes and other vegetable and fruit crops. 
Unless tuber yields can be increased substantially with improved starch cultivars, or higher-yielding 
starch varieties developed to consistently yield above 22 per cent starch, it is unlikely that variable or 
overhead costs can be reduced substantially. The overriding factor in cost per tonne is the yield per 
hectare per year. 

                                                           
23 Competitive Quality Potato — Financial Benchmarking http://www.nre.vic.gov.au/agvic/ihd/projects/cqp-bm1.htm 
24 Benchmarking study by K. Aitken, B. Fry and P. Carr, Export 2000 Publication, April 1999 
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Figure 4.4: Comparison of Australian and USA French fry potato growers’ financial 
performance 1996–97 
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Source: Aitken, K., Fry, B., & Carr, P 1999, Export 2000, a benchmarking study for the Victorian 
Government. 

4.3.6 International cost competitiveness  
Tuber yields are a key performance indicator in the viability of any potato-producing enterprise. In 
2002, Australian potato yields were generally lower than those of the major potato-producing 
countries (figure 4.5, derived from FAO), although the top operators in all countries are likely to have 
been closer to the benchmark performers. Tasmania, for example, has achieved yields well above 
40 t/ha over many years (figure 4.2). 

Australian raw material cost  
With a minimum amount of storage (necessary for autumn crops grown through to October and 
November), prices for raw materials coming into the processing line are likely to average $225–$250/t 
when transport costs, out of season premiums and storage costs are taken into account. As noted 
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above, in 2001 the average price received in Tasmania, where 80 per cent of the crop is allocated to 
French fries, was $208/t. 

Figure 4.5: World potato yields 2002: tonnes/ha 

Australia
Austria

Canada

Denmark

Finland

France
Germany

Iraq
Kyrgyzstan

Netherlands
NZ

Sweden

UK US

World

0

5

10

15

20

25

30

35

40

45

50

Australia Denmark Germany Netherlands UK

Comparison to EU data 
Countries in the EU are heavily subsidised to produce starch potatoes. In 2001–02 the total net cost of 
EU subsidies for starch potatoes was €234m ($A410m). Further protection is provided through 
production, processing and export quotas, with the starch quota at 1 762 148 t in 2001–02. Some 
measure of the value of this assistance is that producer delivery rights were trading at about €300/ha in 
2001–02. This gave producers access to subsidies of €57.77 ($A101/t) in 2002, a component of which 
is paid, initially, by processors. In the next step, however, the processing companies are compensated 
further by the EU at €4.45/t of potatoes ($A7.94) and €22.25/t of starch ($A39.73) for their role in the 
producer subsidies. Exporters receive further assistance to unload their already subsidised production 
on world markets. This degree of assistance allows the EU starch-potato industry to compete against 
alternatives within the EU and for continued export of potato starch at what they call ‘competitive 
pricing’. 

If a potato-starch industry is to be developed in Australia, it would be useful to start to get this item on 
the agenda at WTO trade reform negotiations. 

4.3.7 Potato Starch Substitutes 
The US market is a relatively small producer of potato starch and only 0.45 per cent of total potatoes 
grown there are processed to starch.25 This reflects the USA’s uncompetitive position in the global 
potato starch market or, more realistically, the different emphasis of US subsidies, which go more 
towards ethanol and crops. Corn starch forms the overwhelmingly largest component of the starch 
market (figure 4.6), both globally and in the USA. For the foreseeable future, potato starch will fill a 
niche situation in the starch market. It must offer unique performance characteristics to justify its 
higher price against substitutes, including its closer substitutes such as cassava and sweet potato. 

                                                           
25 Freeman, cited in the National Potato Council’s 1994 Potato Statistical Yearbook, p3. 
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Figure 4.6: World starch market, by material source 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

4.3.8 Measures to create a competitive supply of potatoes for starch 
(a) More use of contractors with large plants to reduce overheads 
The size of US farming operations gives the industry a cost advantage in that it can sustain contractors 
with large-scale equipment that have low unit-operating costs (per tonne and per hectare). US potato 
growers can subcontract ground preparation, pesticide application, seed cutting/planting, boom 
spraying, harvesting and cartage.  

In Australia, the overhead cost structure is substantially different from that of the USA. The 
geographical spread of the industry and the scale of individual farming operations mean that large-
scale contractors find it difficult to survive in Australia. For example, a four-row harvester, which is 
commonly used in the USA, is difficult to operate successfully in Australia because the harvesting 
volumes are not available.26 In the USA, contractors are kept busy satisfying the demands of multiple 
factory requirements. In addition, they supply for storage facilities for at least half the season 
simultaneously and this also helps utilise the large plants.  

                                                           
26 Four-row harvesters dig 250–300t of potatoes daily in sandy conditions. This translates to 62 500–75 000 t annually if a 250 
days/year harvesting cycle can be maintained (achievable in Australia). In the USA the harvesting period is often less than 
100 days. 
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In Australia harvesting takes place in a geographically dispersed production system with low volume 
machinery (single- or double-row harvesters) that is usually owned and maintained by the potato 
grower. These may only be used for 30–50 days per year. Processors can also complicate contracts on 
potato intake by having unresolved or unclear equity issues with producers in terms of ‘who gets to 
harvest what and when’.  

(b) Scheduled planting 
Scheduling planting and harvesting for processing facilities obviates grower equity issues and leads to 
more efficient use of capital equipment in the long term. Allowing grower groups to determine 
planting schedules and harvesting schedules in consultation with processors minimises conflict and 
spreads risk between growers without being ‘delegated’ by a processor. In addition, contractor 
capacity is utilised far more effectively, allowing bigger equipment to plant larger areas and have 
lower costs per hectare than individuals using low-volume equipment with relatively large capital cost 
per hectare planted. 

(c) Scheduled harvesting 
Planting and harvesting schedules are closely aligned and involvement (‘buy-in’) by growers is 
invaluable in this process, as local knowledge about temperature and climatic variation (i.e. maturity 
of the crop) ensures that harvesting start-up proceeds as smoothly as possible. Coordinating harvest in 
a scheduled manner can enable a processor to buy the crop ‘in the ground’, meaning processors can 
use designated low-cost–high-volume harvesting equipment. 

(d) Reducing capital expenditure 
Contract harvesting, planting and cartage reduce capital ownership. Even on a lean capital expenditure 
basis (see appendixes 2 and 3) cost per tonne under $200 delivered to a processing factory will be 
difficult to achieve unless higher yields can be achieved consistently. 

(e) Agronomic support — technical guidance 
Strong technical support in a new industry is fundamental to success. Information dissemination on 
production and harvesting techniques to maximise yield and quality is crucial in keeping potato costs 
to a minimum and the industry competitive. Experienced agronomists and extension personnel will be 
required to effectively communicate to growers. 

(f) Seed quality 
Variable seed quality is a large factor in yield potential. Although most seed production is monitored 
by processing, field staff and government agencies, minimum — or certified — standards must be 
developed. High-yielding crops will have physiologically young seed and this will need to be 
managed during and after the seed crop.  

Among the specialised suppliers of high and specialised starch varieties there is the Danish Potato 
Breeding Foundation and Riso National Laboratory in Denmark (http://risoe.dk), Averis Seeds in the 
Netherlands (http//www.karma.nl), and associates of the European cultivated potato database 
(http://www.europotato.org/)). There is also the Nordic Gene Bank and the more exotic Belarusian 
Research Institute for Potato Growing. Belarusian researchers claim to have high-tuber-yield starch 
varieties with starch content of 25–30 per cent.  

Among the high starch varieties at the Danish Foundation are Posmo (suitable for Denmark and 
Finland), Kapta (suitable for northern France), Danva and Godva.  

As part of this study we had more detailed discussions with Averis about supplying seed for Australia 
and the following cultivars were identified: Astarte, Aveka, Elkana, Kantara, Karakter, Kardal, 
Kardent, Karnico and Seresta. These varieties have generally proved to be high yielding, but varying 
in a number of agronomical traits such as maturity, starch content and disease resistance. More 
information about them is on the Averis website (www.averis.nl.) These varieties are grown in the 
starch-growing region in North West Europa of the Netherlands, and this means on peat soils, but also 
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on more sandy ones, with some drought problems, not unlike Australia. Some of them respond well to 
irrigation. 

All of Averis’ varieties are protected by Dutch plant breeding rights legislation, some of them also by 
European plant breeding rights.  

Averis is also in the middle of a process of developing high-amylopectin cultivars using genetic 
modification.  

(g) Cost carrying by processors 
Processors needing more tonnage have several ways in which to attract potential growers. These 
include acting as a seed buyer and carrying the cost of seed transport and storage until harvest. This 
reduces the variable cost of production for growers and minimises interest expense on working capital 
which can form up to 2.5 per cent of the cost of growing the crop (see appendix 3). 

In addition, other enticements include carrying the cost of fertiliser until harvest: growers buy fertiliser 
on the processor’s account (bought at bulk rates) and the fertiliser cost is subtracted from the initial 
proceeds for potatoes delivered to the processor. 

(h) Transport expectations 
Contracting transport and handling operations by a processor is often the most efficient means of 
delivering raw material to a factory. This is because purpose-built trucks and field bins can enable 
high volume and efficient turnaround by a single contractor compared to an individual grower. Even 
when contract transport is accounted for, distance between the field and the processing plant is a major 
consideration for viability of the industry. If the crop is more than 300 km away, transport costs are 
likely to be above $40/tonne. 

(i) Reduce EU subsidies for starch-potato production and processing 
The impact of EU subsidies for starch-potato production and processing is a major entry barrier to new 
competition, including the establishment of a potato-starch processing plant in Australia. Trade 
negotiators would need to be kept informed of the situation and urged to try to have the item listed in 
negotiations for reduced barriers in trade of agricultural products. The imminent free-trade agreement 
between Australia and the USA may open up opportunities for selling potato starch to the USA. 
Information and updates about the Australia-USA Free Trade Agreement can be found on the 
Department of Foreign Affairs and Trade website (http://www.dfat.gov.au/, then follow the links to 
the trade agreement). 
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CASE STUDY 2: AVEBE AND THE EU STARCH PREMIUM 
AVEBE is a major supplier of starch from potatoes and tapioca and has a vertically integrated 
structure, which extends back to a farm cooperative network, which it supplies with improved plant 
varieties, among other things. 
In 2001–02 AVEBE had net turnover of €683.4m, from which it generated net income of €10.3m, 
after payments of €337m for materials including potatoes, for which it paid €47.9/t. 

AVEBE Financials (all figures in €) 

 2001–2 2000–1 1999–2000 1998–9 1997–8 

Net turnover 683.4 682 699 660 650
Net income 10.3 20.1 3.7 (8.9) 2.4
Av. return to 
equity 

4.4 8.4 1.6 (3.9) 1.0

Prices paid for 
potatoes (€/t) 

47.9 48.7 49.8 50.7 50.6

Source: AVEBE Annual Report. 
A study by LME International (2002) (http://europa.eu.int/search/s97.vts) showed that AVEBE’s 
financial performance is very dependent on EU starch subsidies for potato starch. Potato-starch 
processors receive a premium of €22.25/t to compensate for the seasonal nature of potato-starch 
production compared to other starch sources. This is just part of a complex package of minimum 
prices for starch potato producers, processing subsidies and quotas. AVEBE has a starch quota of 
794 000 tonnes. LMC estimated that over the five-year period ended 2000, in which AVEBE 
reported profits in four years, if it were not for the potato-starch premium of €22.25/t there would 
have been profits in only one year in five. Recent years indicate that AVEBE would have struggled 
to restore profitablity without the starch subsidy. 
AVEBE and the EU starch premium (all figures in €m) 

 1996 1997 1998 1999 2000 

Profits 20.2 9 2.4 -8.9 3.7
Starch quota (‘000t) 794.68 794.68 794.68 794.68 794.68
Reported profits/t 25.42 11.33 3.02 -11.2 4.66
Starch premium/t 22.25 22.25 22.25 22.25 22.25
Profits/t without starch premium 3.17 -10.92 -19.23 -33.45 -17.59

In responding to its vulnerable financial position, AVEBE reports that significant adjustment is 
taking place, including cost cutting, expansion in international markets and more targeted 
investment. AVEBE has recently been given approval to continue with its experimental program in 
developing the transgenic high-amylopectin starch potato. 
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5. Starch Processing Properties for Bioplastics Materials 
Starch is a biopolymer derived from carbohydrate (refer to section 2). It is the main source of energy 
storage in flowering plants. The starch biopolymer comprises two polysaccharides — amylose and 
amylopectin — that affect much of its processing performance and suitability for different 
applications. These polysaccharides are made up of glucose monomers (figure 5.1). The structure of 
different starches varies and can be manipulated with plant breeding technology, and this can 
influence their use and value in further processing, including uses such as bioplastics. Amylose has a 
linear structure (figure 5.2) and amylopectin a branched structure (figure 5.3). 

Figure 5.1: A glucose molecule, the basic building block of starch 

 

 

 

 
 

 

 

 

 

 
Source: Cambridge University Polymer and Colloids group 

Amylose structure 
Figure 5.2: Amylose molecule 

 

 
Source: Cambridge University Polymer and Colloids group 

 



44 

Amylopectin structure 

Figure 5.3: Amylopectin molecule 

 
 Source: Cambridge University Polymer and Colloids group 

Amylopectin accounts for the major part of most starches and is distinguished by its large molecular 
weight and highly branched structure, which gives rise to the crystalline nature of starches and their 
associated high viscosity. 

There are two naturally occuring crystal structures of amylopectin, A-type and B-type. Most cereal 
crops have A-type whereas tubers, like potato and high-amylose starches, generally feature B-type 
structures. There is also a C-type, which is intermediate to the A and B-types. The pea features C-type 
crystallinity, with B-type crystals. 

In making bioplastics from starch there have been three recurring technical problems: 
• Starch has a high sensitivity to water, (hydrophilicity). This limits bioplastic’s application for 

products containing water. 
• Blends with hydrophobic materials (to protect starch from water) do not degrade. In this case starch 

is just a filler and has to be as cost effective as the hydrophobic component, otherwise what value 
does it add? 

• Weak bonds between a starch and synthetic blend can reduce the mechanical properties of the 
composite material and this can lead to difficulties in processing as well as in final performance. 

Various techniques have been developed to overcome these problems including modifications that 
coat starch surfaces to improve their resistance to moisture, and the development of chemical agents 
and enzymes to improve bonding. 

Plant breeders have developed variously modified varieties with, for example, high-amylopectin or 
waxy starches to improve their performance for industrial processing. AVEBE, for example, has some 
experiments in place with two high-amylopectin potato cultivars, Apriori and Apropos.27 Amylogene, 
a subsidiary of BASF Plant Sciences, has also planted (in 1999) a 600 ha trial and is planning to 
supply the Lyckeby Starkelson cooperative in Sweden with high-amylopectin potatoes for planting 
and processing. In 2002 the EU’s Scientific Committee on Plants is understood to have cleared 
Amylogene’s high-amylopectin potato for use, which could be in 2005, if the current moratorium on 
GM plants in the EU is modified. The starch produced from these varieties has little or zero amylose 

                                                           
27 The European Commission in 1999 originally concluded that AVEBE had not conducted an adequate risk 
assessment for these varieties in terms of control of bacterial marker genes (specifically an nptlll gene), but that 
objection now seems to have been resolved. 
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and consists of the highly branched amylopectin. The advantage of the high-amylopectin potato is 
partly in cost savings in processing, and partly for targeting particular applications. With the native 
potato there are high costs in energy and water in separating the amylose from amylopectin and these 
costs are reduced with the amylopectin potato. In view of the waste water associated with starch 
processing and the improved energy efficiency there are also environmental benefits. The amylopectin 
potato is confined to industrial applications, especially paper and textiles, with some also in cosmetics 
and adhesives, and no immediate use is planned for food. High-amylopectin starches have been shown 
to produce light and flexible foam bioplastic trays, compared to standard starches (USDA 1999). 

Not to be outdone, UK researchers at Unilever Research Centre have developed the GM high-amylose 
potato. Amylose helps in the formation of films. Native potato starch itself has unique film-forming 
properties that provide an edge in new food-coating applications. The low-lipid content of potato also 
limits flavour interference. 

In brief, the amylose:amylopectin ratio of starches can be genetically manipulated to alter viscosity, 
shear resistance, gelatinization, texture, solubility, stability and swelling properties. In addition, 
processing costs can be reduced.  

Australia produced about 280 000 tonnes of starch in 2002, with about 90 per cent supplied by 
Manildra and the balance by Penfords. Imports averaged about 8500 t/year over the three years ended 
June 2002. Exports of starch are less than 1000 t/year. Cassava, almost all from Thailand, is the main 
imported starch material and accounts for about 70 per cent of imported starch, with potato starch the 
next most important. In the three years ended 2001–02 there was an average of 1896 tonnes of potato 
starch imported each year, with China, Denmark and the Netherlands the countries of origin. In 2001–
02 the average value of imported potato starch was $A840/kg f.o.b. 

Chart 5.1: Australian starch imports: 1999–2000 to 2001–02 (kg) (Source ABS) 
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6. Environmental Performance of Starch-based bioplastics 
There are significant environmental issues associated with plastics, bioplastics and starch production 
(Wondu Holdings 2002). The traditional synthetic plastic uses non-renewable energy, has a relatively 
high level of GHG and is faced with a major waste-disposal problem. It is in the area of environmental 
management that bioplastics and especially thermoplastic starches have their greatest strengths. Patel 
(2002) found that, for each tonne of plastic produced, starch-based bioplastics offer energy and 
emission savings of 12–40 GJ/t and 0.8–3.2 t CO2/t. As the percentage of starch substitute increases 
(e.g. PCL) then the energy efficiency starts to fall. 

Figure 6.1: Energy use, by plastic: (Mj/kg) 
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Source: Derived from Patel (2002) data 
 
There is a similar situation with GHG emissions (figure 6.2). 

Figure 6.2: GHG emissions, by plastic (kg CO2/kg plastic) 
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Source: Derived from Patel (2002) data 

The environmental problems of the existing plastics industry are typified by the concern with 
Australia’s growing use of plastic shopping bags. A 2002 study for Environment Australia by Nolan-
ITU estimated that Australians use 6.9 billion plastic carrybags each year (equal to one 
bag/person/day), which amounts to about 36 850 tonnes of plastic (5.34 g/bag). About six billion of 
these bags are made of HDPE and 900 million of LDPE. Supermarkets distribute about 53 per cent of 
these bags, and other outlets the remainder. About 67 per cent of the HDPE plastic bags are imported. 

Among the solutions being considered for the plastic bag problem is a levy at the retail checkout. In 
2002, Ireland introduced a €0.15 ($A0.25) levy at the checkout. The initial response has been a 90 per 
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cent reduction in plastic bag consumption (Planet Ark 2002). It remains to be seen whether this will be 
sustained. In Australia, a private member’s bill was introduced to the Parliament by senators Bob 
Brown and Peter Andren, proposing a 25 cent levy, but it was rejected. 

A case could be made for biodegradable plastics to be exempt from any levy placed on plastic bags, 
although this case would need to take into consideration the ultimate destination of the biodegradable 
bag and the waste management infrastructure to ensure that the decomposing bags do not lead to 
harmful effects in the soil. Composting facilitates recovery and closing out of the carbon cycle, with 
agricultural plants using the compost as fertiliser for growth and absorbing any CO2 emissions. 

CASE STUDY 3: EARTHSHELL PACKAGING TECHNOLOGY 
Earthshell Corporation describes itself as a ‘technology company’. It has developed technology for 
composite materials in making food service packaging products. Earthshell licenses its technology to 
manufacturers who market and distribute to users such as restaurants and food management 
companies. The composites used in making Earshell materials include potato starch, limestone, water, 
recycled fibre, and water-resistant materials like paraffin wax for extended protection coatings. 
At the end of March 2003 Earthshell had assets of $US17.2m and liabilities of $US23.2m, including 
$US8.3m of convertible debentures due in 2006. In the three months ended 31 March 2003, the 
company incurred net losses of $US6.8m, down from $US10.2m in the same period of 2002, although 
this seems to have been achieved mainly through a large fall in expenditure on R&D.  

 

 
Earthshell still seems to be struggling to reach profitability, although it has now formed an alliance with 
Du Pont for the purpose of sharing its packaging technology with DuPont™ Biomax®, which is a 
hydro/biodegradable polyester coating and films technology. 
Despite continued low profits there has been some recovery in Earthshell’s share value, suggesting 
signs of an underlying improvement or perhaps outside interest in their technology. 
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7. Regulatory Issues 
There are important regulatory issues to be dealt with in bioplastics. The 2002 report by Wondu 
Holdings on bioplastics identified nine regulatory areas that have an impact on bioplastics. These 
regulations are governed by three broad categories: 
• regulatory agencies, including the Office of the Gene Technology Regulator (OTGR) 
• international trade barriers 
• technical barriers to trade 
• standards for biodegradable and compostable plastics. 

Wondu’s 2002 report concluded generally in favour of a low-level regulatory framework for 
bioplastics, especially where the market is shown to be working efficiently, leaving self-regulation by 
industry as the preferred option where any intervention is needed. The two main regulatory areas that 
would have an impact on developing an efficient industrial potato-producing capability in Australia 
are the compliance requirements of the OTGR and international trade barriers, especially production 
and processing subsidies, and import tariffs on starch.  

There are also local issues that can affect the consumption of bioplastics. One example is the 
infrastructure and policies of local government authorities on kerbside collection of plastic waste, 
including plastic bags. If the infrastructure (including separation and composting facilities) is not 
available to deal with biodegradable plastics, the market is much smaller than it would otherwise be. 

Gene technology has significant potential to improve the efficiency of the potato supply chain in the 
production of plants (both tuber yield and starch yield from the tuber) and in the type of bacteria that 
might be used in fermentation processes. The OTGR has powers to regulate GM products if the 
products are not regulated by an existing agency. Biopolymers made from or with the assistance of 
GMOs are not covered by existing industry agencies in the same way that food is by ANZFA or 
pharmaceuticals by TGA. They would, therefore, fall directly within the charter of OTGR, and GM 
potato-plant breeders would need their approval.  

Subsidies for producing potatoes and processing potato starch have a major influence on international 
trade. If Australia is to become a producer of potato starch it would need export markets for a large 
proportion of its output and market access therefore becomes an important policy issue to be taken up 
at WTO forums, as well as in bilateral agreements with countries such as the USA, itself a significant 
net importer of potato starch. Starch attracts import duties in many countries, and there is also the 
threat of anti-dumping duties, although with declining trade barriers these duties can be expected to 
fade, especially through bilateral trade arrangements (e.g. Australia–USA Free Trade Agreement). 

Australia has been reviewing standards for testing and performance applied to degradable plastics and 
compostability. While it looks certain to adopt the prevailing USA and EU standards — ISO 
16929:2002, ISO 14852:1999) (www.iso.org); ASTM D6400 (www.astm.org) and EN 13432 
(www.cenorm.be) — there is also an examination of new standards in which internationally accepted 
standards do not exist (e.g. standards for oxobiodegradation/pho-biodegradation, seawater degradation 
and vermiculture toxicology test methods) (Department of Environment and Heritage 2004).  

Standards Australia has a new Technical Committee (EV-017), Degradability of Plastics, that is 
drawing up this standard. Compliance with standards on plastics’ degradability and compostability is 
emerging as a barrier to marketing, and there is a growing preparedness to prosecute. For example, a 
Sydney-based company was recently forced to withdraw its range of bags that it had claimed would 
degrade but subsequently were shown to no degrade. 

The strictest standard is EN 13432. To satisfy the test, the biodegradable plastic (90 per cent pass rate) 
must degrade within six months, and the compostable material must not have any heavy metal content 
above that of standard compost.  

An Australian potato industry with a presence in bioplastics has an interest in encouraging resin 
developers and converters to comply with standards.  
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8. Price Efficiency and Profits 
Establishing prices along the supply chain, that induce new operators to enter the industry and then 
enable efficient operators to achieve acceptable levels of profits to compensate them for the costs and 
risks involved, is one of the challenges to establishing a sustainable starch and bioplastics industry in 
Australia. Raw material costs are an important item in starch processing and, in turn, in making 
bioplastic resins.  

Competition from alternative enterprises will dictate whether producers decide to enter and stay in the 
industry. In the same way, potential starch processors and users of starch have to be able to access the 
product at internationally competitive prices. 

Farm production prices 
A key benchmark for producers would be the revenue and returns from a hectare of starch potatoes, 
relative to a hectare of food potatoes under contract. Appendix 2 shows that this revenue at present is 
around $8000/ha with a yield of 40 t/ha and $200/t. This would produce a return to capital 
approaching 25 per cent. 

Starch processing prices 
The next question is whether a starch processor can then offer producers at least this level of return (25 
per cent) and preferably a premium to induce a switch to starch production. 

After examining investment and operating costs and returns it becomes clear that there would be 
significant performance hurdles for a potato-starch processor to jump. An efficient-sized starch plant 
with a capacity to handle 100 t/hour would need access to potatoes for at least 100 days and preferably 
200 days. This seems to be feasible with strategic positioning of a plant. A starch processor could pay 
$200/t for the fresh potatoes, providing they were high starch varieties with 25 per cent starch yield or 
better. Alternatively, lower-starch yields could be accepted, providing a high proportion of sales were 
made at relatively high prices or producers accepted lower prices for the low-starch potatoes. This 
second option would not work out because of competition from substitute enterprises and other 
processors. It is estimated that a starch processor would receive a 20 per cent return (internal rate of 
return) with the following characteristics: 
• $30m investment cost for plant, buildings, equipment and operating capital 
• purchase price of $200/t for potatoes that yield 25 per cent starch 
• selling price average of $1250/t (about $US900/t) for potato starch on average 
• operating costs of $210/t 
• operating period of 200 days/year 
• labour of 33 person-years, working three shifts/day for the 200-day duration. 

The profitability of the starch-processing facility is sensitive to the days of operation per year, the 
potato buying price, the potato starch selling price (chart 9.1), and the yield of starch. The sensitivity 
analysis shows that while profits are sensitive to the buying price of potatoes it is equally important to 
add value in processing by achieving a high average price for sales. This could be achieved by having 
a high proportion of modified starches for which buyers are prepared to pay price premiums. 
Processing profits also increase in line with the starch content (chart 9.2). This underlines the 
importance of a specialised starch potato plant-breeding program.  

Bioplastics processing prices 
The next question is whether bioplastics manufacturers can make profits when they buy starch at 
$1250/tonne. (Note, however, that the starch processor would have a range of prices around the 
average of $1250/t.) At the time of writing this section of the report (July 2004) we received notice 
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that native potato starch was being landed in India from Germany for $US650/t (equivalent to about 
$A900/t) 

The cost of the bioplastics will vary according to the end-product features sought and the materials 
components used. The example here is for making a bioplastic bag, using starch at 50 per cent of the 
material weights. 

Chart 8.1: Starch processing profits, by purchase price for potatoes and selling price 
for starch 
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Chart 8.2: Starch processing profits, by buying price and starch yield 
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Table 8.1: Bioplastics film-blowing-grade resin, 50% potato starch 

 Proportion of mix (%) 
Component 

price/kg Cost of the mix 
% contribution to 

the mix cost 

Material     

Modified potato starch 50 1.25 0.625 17 

Plasticiser 7.5 3.85 0.29 8 

Blend component 35 6.75 2.36 65 

Blend enhancer 5 5.80 0.29 8 

Processing aid 2.0 1.85 0.04 1 

Other additives, incl. 
colouring agents 0.5 3.00 0.015 1 

Total 100  $A3.62/kg 100 

Using the resin described in table 8.1 as feedstock, and the processing costs described in table 8.2, a 
bioplastic bag would cost $A0.049/bag weighing 5 grams (table 8.3). 

Table 8.2: Plastic bag processing costs 

Processing activity Price/kg 

Extrusion of starch to granule 0.95 

Condition and packing 1.45 

Film blowing (from granulate to film) 1.75 

Printing, signage & confectioning on bags 1.75 

Total 5.90 
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Table 8.3: Plastic bag production costs, total (cents/bag) 

 
Cost/kg 

Cost per 5g 
bag 

Materials 3.62 1.8

Material losses (moisture etc.) 0.36 0.2

Processing 5.90 2.9

Total cost 9.88 4.9

Distribution and wholesale margins would be added to the above costs, and this could add 50 per cent 
to the total cost, making the cost around 7.35 cents/bag. This would be competitive against imported 
plastic bags of similar quality. 
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9. Supply-Chain Management 
Expert supply-chain management would be the key requirement for establishing a starch potato and 
integrated bioplastics business in Australia. This would require an expert information and materials-
handling system, all the way from seed production, through tuber production, starch processing and 
bioplastics. 

Supply-chain integration and expert management of sourcing and logistics are critical to viability and 
success of the bioplastics supply chain. We said earlier that cost control and price are the major 
influences in market acceptance, especially at the early stages of the supply chain in procurement of 
raw materials from producers, and in early-stage processing such as starch production. At the same 
time, potential buyers emphasise the importance of achieving higher quality and being reliable 
suppliers. 

It is possible to achieve a competitive advantage in this industry through differentiation based on 
expert procurement systems and strategic logistics. Nothing less than a world ‘best-in-class’ supply 
chain is required for a successful potato starch and bioplastics firm, which would be competing against 
starch, bioplastics and synthetic supply chains. 

The world ‘best-in-class’ supply chain would have five major features: 
• Intense focus at every stage, from specialised breeding of seed varieties adapted to the area and on-

farm production of starch potatoes, through to the science and R&D of starch and then to the starch 
processing, resin and converted plastics products. 

• Coordination of supply from different regions. 
• Precise definitions of product qualities and compliance with those definitions to control variability 

(a traceability system would be required to track processing anomalies back to the source). 
• Systematic execution of tasks to achieve the maximum benefits from expert procurement and 

strategic management of logistics. 
• Elimination of waste and costs that do not create value to customers and profits for supply-chain 

members. 

Realisation of these world ‘best-in-class’ supply-chain features through expert integration would be a 
source of significant differentiation for the bioplastics supply chain. Implementation is, however, not 
easy. Nevertheless, this also means that this type of supply chain is difficult to duplicate. In turn, this 
means that the competitive advantage can be sustained. There is no reason why this supply chain could 
not be the best in the world 

The basic framework for a bioplastics supply chain links end-market customers to processors, 
warehousing, distribution and farm supply of raw materials. A static supply-chain map can be a 
deceptive simplification in terms of identifying where value is created and lost. More often than not, 
value can be created out of improved integration of the activities, improved information flows, better 
execution of tasks, and sometimes from introduction of new technology, which might even enable the 
elimination of a whole activity. 

Identifying the best starch-bioplastics business model would become an important task. Leadership in 
developing an effective and sustainable supply chain would be essential. Around the world there are 
different organisational and legal structures that have worked, including the corporate models (e.g. 
Penfords and Manildra, both in Australia) and cooperative models (e.g. Sweden-based Lyckeby 
Stärkelsen — see the following case study). 
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CASE STUDY 4: SEARCH FOR THE BEST STARCH-BIOPLASTICS BUSINESS MODEL 
The brand Lyckeby Stärkelsen is owned by Swedish Starch Producers, an incorporated 
association, owned by its members, which includes about 950 starch-potato growers in southern 
Sweden. The potato is, and has always been, the core of their operations. The core operation is 
run under the joint brand, and consists of production, development and marketing of starch and 
fibres for various purposes, primarily to the food, paper and chemical industries 
(http://www.lyckeby.com/Lyckeby/Engelska/Index2.htm). 
The company was formed in 1927 as an industry organisation of several independent starch 
factories, to be responsible for sales of potato starch, among other things. Starting out with just raw 
starch, the Group is today an extensive group of companies involved in the processing and sales 
of starches for the foods, paper and chemical industries.  
Important to the Group structure in the effort to participate in an extensive starch value-added 
chain are the processing companies Lyckeby Stärkelsen Industrial Starches (paper and 
chemicals), Lyckeby Stärkelsen Food and Fibre (foods), Svenska Lim (adhesives) and Culinar 
(complete systems solutions for the food industry). 
In Sweden, the strategy is to continue investing in knowledge and advanced starch concepts, 
combined with efficient applications of IT. The strategy is to grow organically by offering products 
and services of increasing value. They now have operations in Eastern Europe, including Latvia 
and the Czech Republic. 
Research and technology provides support for foodstuffs, paper and chemicals. R&D is conducted 
in close cooperation with Group subsidiaries, primarily Lyckeby Stärkelsen Food & Fibre, Lyckeby 
Stärkelsen Industrial Starches, and Svenska Lim. The R&D department also manages the 
development of, and investments in, new process technologies and it also supports process 
development, project planning and project management for large investments inside and outside 
Sweden. 
Svalöf Weibull supplies potato seed breeding services. Potato breeding can take 15 years from 
start of the research to registration of an approved new variety 
(http://www.ngb.se/Library/Pub28Eng.html). This is partly due to the very comprehensive 
evaluations a prospective new variety must undergo, and partly to the long time for propagation. 
These tests include yield, tuber characteristics, quality traits for different purposes (table potato, for 
the food industry or as raw material for starch) as well as resistance against a large number of 
diseases and pests. 
Lyckeby Stärkelsen has around 650 employees and turnover of $1.2 billion SEK (about $A225m), 
with investment of around $20m. The profit on sales is around 8 per cent. 
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10. Conclusions 
Our main finding is that there are opportunities for making more out of potatoes in Australia by 
establishing industrial supply chains here, but access to the latest technology in processing and 
production, including an open mind about GM potatoes, would be an essential part of a strategy to 
create a competitive, world-class supply chain.  

Starch production, and the materials that supply it, are emerging as a high-technology industry. 
Without a preparedness to embrace new technology at every stage of the supply chain, it would be 
better to focus simply on capturing more starch at existing food-processing plants and using some of 
this to make bioplastics.  

While the best bioplastics are yet to be discovered, we expect continued improvement in cost and 
performance. 

Of the three different supply chains for producing bioplastics, starch from the waste, and from there 
into bioplastics, has most immediate potential because of its low cost.  

In terms of achieving impact at the ‘farm gate’, however, a ‘high-tech’ starch-processing facility, 
supported by best-practice on-farm production, would have the most significant effect. It would also 
have significant regional impact. An efficient-sized potato-starch plant (using 2400t of potatoes/day) 
operating at 65–70 per cent (200 days/year) capacity, would generate revenue of $150m from 120 000 t 
of potato starch, which would need farm purchases of $90m/year for 450 000 t/year of starch potatoes. 
In this scenario, the use of starch for bioplastics would be a small (possibly 5000 t/year) but growing 
outlet in a diverse product portfolio, with most of the starch used for food processing and other 
technical industrial uses. Starch is still the cheapest bioplastic that can be used in many applications 
such as protective barriers, carriers of sensitive food, pharmaceutical and non-food products, although 
competition between competing starches is growing. 

 Competitive starch yields can be produced from potatoes grown in Australia. This means screening 
and testing the selected new industrial cultivars, including both GM and traditional cultivars. Europe 
in particular has a history of breeding potato-starch cultivars and these would form the base for a 
breeding program in Australia. Selection and breeding for adaptation to local conditions would be an 
important factor in creating an efficient starch-bioplastics supply chain.  

At the moment EU subsidies for starch production and processing make it very difficult to compete 
against EU processors but, over time, as trade barriers decline, price efficiency in international markets 
can be expected to improve. Nevertheless, even now EU processors of potato starch are very 
economically inefficient and inroads into their market shares would be possible with a new plant, 
supported by a highly efficient group of suppliers. 

From the point of view of a potato producer, it is estimated that producers would need to generate 
revenue of $8000/ha from the starch potato, otherwise they would not be induced to switch from the 
standard low-starch, fresh-food potato. This can be achieved with a tuber yield of 40 t/ha and $200/t. A 
starch processor, however, could pay only $200/t or more if the starch yield is 25 per cent or more. 
The links between buying price for the raw potato, starch yield, selling price for the starch and 
earnings for the processor are fundamental to the viability of the whole supply chain. 
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Appendix 1: Supply-chain Structures for Making 
Bioplastics from Potatoes 
A1.1: From seed potato to starch to thermoplastic starch, PLA & PHA 

 

Source: International Starch Institute 
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Appendix 2: Starch Plant Technical Description and Costs 
The potato-starch processing system described and analysed here was developed with the assistance of 
various machinery manufacturers and industry personnel. The system examined could handle 2400 t of 
cleaned white potatoes/day. The minimum number of days for operating a plant of this capacity would 
be 100 days and preferably 200 days. This sized plant is judged to be the minimum efficient-sized 
plant, although it is recognised that unit fixed costs could be reduced further with a larger plant, even 
though the economies-of-scale advantage of the larger size start to fall away at this point. It is 
important to realise that capacity has to be utilised to get the benefits of larger scale plants.  

A2.1: Capacity 
Raw, cleaned, white potatoes 100 t/hour; 2400 t/day 

Dewatered potato starch with moisture content of 42% 760 t/day 

Pulp 200 t/day with 20% moisture content 

A2.2: Assumptions 
Potatoes not frozen or have been frozen. 

Potatoes are not sprouted. 

Potatoes contain not more than 4% damaged or cut, and not more than 3% with organic diseases. 

Uncleaned potatoes fed in to have not more than 5% clay or dirt or other impurities. 

A2.3: Investment costs ($A) 
Processing equipment $A10 100 000 

Cleaning, washing, drying and bagging equipment 7 700 000 

Buildings and other civil works 500 000 

Steam boilers 4 215 000 

Land 300 000 

Effluent treatment 2 500 000 

Freight on equipment and buildings to site. 500 000 

Other 500 000 

Total 26 315 000 



64 

A2.4: Labour schedule 

Classification 
Person/ 

shift Shifts 
Rate/ 

month 

On-
cost 

factor 
Months/ 

year 
Total cost/ 

year 

Operators 4 3 4500 1.2 12 691 200 

Mechanicals 2 2 4500 1.2 12 259 200 

Electrical 1 2 5000 1.2 12 144 000 

Waste management 1 3 4000 1.2 12 172 800 

Lab. assistant 2 1 3800 1.2 12 103 680 

Shift leader 1 3 5500 1.2 12 237 600 

Secretary 1 1 2750 1.2 12 39 600 

Accountant 1 1 4000 1.2 12 57 600 

Assistant manager — grower liaison 1 1 4250 1.2 12 61 200 

GM 1 1 6000 1.2 12 86 400 

GOFA 1 1 2000 1.2 12 28 800 

Researchers & product development. 2 1 4000 1.2 12 115 200 

Total 18     1 997 280 

A2.5: Utility consumption 
Power 3500 kW 

Steam 18 t/hour 

Water 100 m3/hr 

SO2 Gas 15 kg/hour 

Pressed air 300 Nm3/hr 

Caustic 500 kg/week 

A2.6: Waste water: 160 m3/hour. Anaerobic system, potential to 
convert to polyesters  
(See appendix 4 for details) 

A2.7: Base case operating parameters 
Purchase price of raw potatoes $200/t 

Purchase price of additives $1600/t 

Starch yield 25% 

Average output price of starch products $1250/t 
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A2.8: Financials and economics 
Construction time 2 years 

Purchases 50 000 t in year 1, 150 000 t in year 2, 250 000 t in year 3, 350 000 t in year 4, 
450 000 t in year 5 through to year 10. 

Sales All purchases processed and cleared each year. 

Total operating costs Run from $199 728 through to $20.5m in year 10. 

Gross profit From $3.125m in year 3 through to $33.8m in year 10. 

Revenue  From $15.6m in year 3 through to $149.3m in year 10 

EBIT Losses through to year 5, then increase to $8.2m in year 10. 

Income tax No tax until year 7, then $1.6m in year 10 

Peak capital requirement $29m 

Residual value at year 12 $40.9m 

Internal rate of return 21% 

NPV at 7% discount rate $38m 

A2.9: Sensitivity 

A2.9.1: Starch net revenue/year ($m)  
(buying potatoes at $200/t; selling starch at $1250/t) 

Starch yield % 
Days operating/year 18 20 22 24 26

100 -12.80 -8.90 -5.00 -1.10 2.90

125 -16 -11 -6 -1 4

150 -19 -13 -8 -2 4

175 -22 -16 -9 -2 5

200 -26 -18 -10 -2 6

225 -29 -20 -11 -2 6

A2.9.2: Starch net revenue/year ($m)  
(200 days operation; selling starch at $1250/t) 

Starch yield % 
Potato buying price 18 20 22 24 26 28 30 

$275/t -61.60 -53.80 -46.00 -38.00 -30.00 -22.00 -15.00 

$250/t -49.60 -41.80 -34.00 -26.10 -18.30 -10.50 -2.60 

$225/t -37.60 -29.80 -22.00 -14.10 -6.30 1.50 9.40 

$200/t -25.60 -17.80 -9.90 -2.10 5.70 13.50 21.40 

$175/t -13.60 -5.80 2.10 9.90 17.70 25.60 33.30 
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A2.9.3: Potato starch selling price ($m)  
(200 days operation; buying potatoes at $200/t) 

Starch yield % Potato 
starch selling 

price 18 20 22 24 26

$1000/t -46.70 -41.30 -35.80 -30.40 -24.80

$1100/t -38.20 -31.90 -25.50 -19.00 -12.70

$1200/t -29.80 -22.50 -15.10 -7.80 -0.50

$1300/t -21.30 -13.10 -4.80 3.50 11.80

$1400/t -12.90 -3.60 5.60 14.80 24.10

A2.9.4: Potato starch selling price ($m) 
(200 days operation; buying potatoes at $200/t) 

Potato buying price $/tonne Potato 
starch selling 

price 275.00 250.00 225.00 200.00 175.00

$1000/t -64 -51.6 -39.6 -27.6 -15.6

$1100/t -51.8 -39.8 -27.8 -15.8 -3.8

$1200/t -40.1 -28.1 -16.1 -4.1 7

$1300/t -28.3 -16.3 -4.3 7.7 19.7

$1400/t -16.6 -4.6 7.4 19.4 31.4
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Appendix 3.2: Estimated cost — spring-grown starch potatoes 
 STARCH POTATO PRODUCTION
Centre Pivot Irrigation
ENTERPRISE BUDGET FOR 50 Ha Riverina for Starch Potato Production In $AUD

Item Unit Month Times Amount Price $/ha $ Total $/T %Total % Total
/Ha $/Unit /Input

Yield: t 40.00    
GROSS INCOME 200.00  8000.00 400000
VARIABLE COSTS  
SEED: Purchase t May 1 2.10 310.00 651.00 32550 16.28 11.04
Cartage to store t May 1 1.00 85.00 85.00 4250 2.13 1.44
Cool Storage May-Jul 1 1.00 75.00 75.00 3750 1.88 1.27
Cartage Ex Store Aug 1 1.00 10.00 10.00 500 0.25 0.17 13.92
FERTILISER   
Gypsum kg Aug 1 500.00 0.042 21.00 1050 0.53 0.36
DAP/TSP kg Aug 1 700.00 0.457 319.90 15995 8.00 5.43
Sulfate of potash kg Aug 1 400.00 0.700 280.00 14000 7.00 4.75
Urea kg Aug 1 350.00 0.420 147.00 7350 3.68 2.49
Copper Sulphate kg Aug 0.2 10.00 1.450 2.90 145 0.07 0.05
Zinc Oxide kg Aug 0.2 10.00 3.000 6.00 300 0.15 0.10
Borax kg Aug 0.2 15.00 .900 2.70 135 0.07 0.05
Sodium Molybdate kg Aug 0.2 1.00 6.500 1.30 65 0.03 0.02
Micromix kg Aug 2 1.00 4.000 8.00 400 0.20 0.14 13.38
HERBICIDE    
Glyphosate l Aug 1 2.50 12.00 30.00 1500 0.75 0.51
Sprayseed l Aug 1 1.50 7.00 10.50 525 0.26 0.18  
Sencor l Sep 1 0.70 62.00 43.40 2170 1.09 0.74 1.42
INSECTICIDE
Lorsban l Aug 1 6.00 20.00 120.00 6000 3.00 2.04
Dipel kg Sep-Nov 1 0.30 48.00 14.40 720 0.36 0.24
Nitofol 1 Sep-Nov 1 0.65 32.00 20.80 1040 0.52 0.35 2.63
FUNGICIDE    
Rhizolex kg Aug 1 6.00 40.00 240.00 12000 6.00 4.07
Bravo l Sep-Dec 4 2.00 14.00  112.00 5600 2.80 1.90 5.97
CONTRACT
Seed Cutting t Aug 1 2.10 42.00 88.20 4410 2.21 1.50
Planting ha Aug 1 1.00 160.00 160.00 8000 4.00 2.71
Harvesting t Dec 1 40.00 18.00 720.00 36000 18.00 12.21 16.42
IRRIGATION  
Water applied (a) mm Aug-Dec 55 9.00 0.40 198.00 9900 4.95 3.36
Total Head (b) m 50.00
Pump efficiency (c) 65%
Motor Efficiency (d) 80%
Electricity (e) kWh a*b*.0272/c/d 1294.62
or Fuel (f) l 0.36 l/kWh * 1294.62 0.55 256.33 12817 6.41 4.35
MACHINERY: Tractor Hours hr 18.00
Tractor Fuel (g) l/hr 10.8 194.40 0.49 95.34 4767 2.38 1.62  
(repairs and maint) (.1e+.15f+2g)   229.14 11457 5.73 3.89 13.21

LABOUR: Seed Cutting hr   
Cultivating hr Jul-Aug 7.5 1.00 14.00 105.00 5250 2.63 1.78
Fertilising hr Aug 4 1.00 14.00 56.00 2800 1.40 0.95
Boomspraying hr Jul-Aug 3 1.50 14.00 63.00 3150 1.58 1.07
Crop inspection, Irrign. hr Aug-Dec 55 0.08 14.00 61.60 3080 1.54 1.04
Setting up, demounting irrigation hr Aug, Dec 2 3.00 14.00 84.00 4200 2.10 1.42
Harvesting hr Dec 1 45.00 14.00 630.00 31500 15.75 10.68 16.95
CARTAGE to Factory t Dec 1 40.00 20.00  800.00 40000 20.00 13.57 13.57
INTEREST  
on above % per month 5 0.85% 3497 148.60 7430 3.72 2.52 2.52
TOTAL VARIABLE COSTS TO THIS ENTERPRISE 5896 294806 147.40 100

GROSS MARGIN THIS ENTERPRISE ($/ha) @ 37.00 T/ha* 1760
@ 40.00 T/ha 2104
@ 43.00 T/ha* 2745  



69 

Estimated cost — spring-grown starch potatoes (continued) 

For the costs above, assume contract seed cutting, planting and harvesting; and cartage costs to factory 
valued at $20/t only. Realistically, many growers could be paying more than this. 

Overhead costs and overall profitability of the spring crop are shown in the following table. 
 
  STARCH POTATO PRODUCTION 
Centre Pivot Irrigation 
ENTERPRISE BUDGET FOR 50 Ha Riverina for Starch Potato Production 

OVERHEAD ALLOCATION: 
Enterprise total Crop Share Crop total Crop total

$ % $/Ha $
Enterprise maintenance 7000 35% 49 2450
Enterprise administration 7000 35% 49 2450
Permanent Labour 35000 50% 350 17500

DEPRECIATION ALLOWANCE - MACHINERY & EQUIPMENT REPLACEMENT

STARTING LIFE ENTERPRISE 
VALUE SHARE

$ /   yrs %
Centre pivot irrigation  120000 12 50% 100 5000   
Irrigation pipe 24000 12 50% 20 1000
Irrigation motors/pumps 37000 12 50% 31 1542
Injector System  6000 12 50% 5 250
Tractor 50000 8 25% 31 1563
Boomspray 16000 8 35% 14 700
Ute 34000 5 35% 48 2380
Fertiliser spreader  5000 10 50% 5 250
Tillage equipment 10000 10 50% 10 500

Total 302000 
 

IMPUTED COSTS (Opportunity cost of capital) 

Market Interest Enterprise 
Value Rate share

$ % %
General Purpose Plant 0 10% 30% 0 0
Centre Pivot Irrigation 0 10% 100% 0 0
Water Storage 0 5% 100% 0 0
Land 0 5% 100% 0 0
TOTAL COST 6510 325490

SENSITIVITY ANALYSIS: 

COST OF PRODUCTION GROSS MARGIN           RETURN TO CAPITAL**
Yield Direct  Total  "Gross Margin $/Ha" "Profit $/Ha" 

Cost Cost  at $/t     at $/t   
t/ha $/t $/t 190 200 210 190 200 210

37 152 169 1303 1760 2043 690 1060 1430
40 147 165 1704 2104 2504 1090 1490 1890
43 136 150 2315 2745 3175 1701 2131 2561

PREDICTED RETURN ON CAPITAL  = 24.67% 
* Harvesting,cartage and interest are adjusted for yield 
** Excluding imputed costs TOTAL PROFIT =  74510 

KEY ASPECTS: 
* Assume contract grown for Processing Facility
* Contract Seed Cutting 
* Contract Planting 
* Contract Harvesting 

    
23-Jun-03  
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Appendix 3.3: estimated cost — autumn-grown starch potatoes 
 STARCH POTATO PRODUCTION
Centre Pivot Irrigation
ENTERPRISE BUDGET FOR 50 Ha Riverina for Starch Potato Production In $AUD

Item Unit Month Times Amount Price $/ha $ Total $/T %Total % Total
/Ha $/Unit /Input

Yield: t 33.00    
GROSS INCOME 200.00  6600.00 330000
VARIABLE COSTS  
SEED: Purchase t Jul 1 2.50 370.00 925.00 46250 28.03 15.99
Cartage to store t Jul 1 1.00 85.00 85.00 4250 2.58 1.47
Cool Storage Jul-Jan 1 1.00 75.00 75.00 3750 2.27 1.30
Cartage Ex Store Jan 1 1.00 10.00 10.00 500 0.30 0.17 18.93
FERTILISER   
DAP/TSP kg Jan 1 700.00 0.457 319.90 15995 9.69 5.53
Sulfate of potash kg Jan 1 400.00 0.700 280.00 14000 8.48 4.84
Urea kg Jan 1 350.00 0.420 147.00 7350 4.45 2.54
Copper Sulphate kg Jan 0.2 10.00 1.450 2.90 145 0.09 0.05
Zinc Oxide kg Jan 0.2 10.00 3.000 6.00 300 0.18 0.10
Borax kg Jan 0.2 15.00 .900 2.70 135 0.08 0.05
Sodium Molybdate kg Jan 0.2 1.00 6.500 1.30 65 0.04 0.02
Micromix kg Jan 2 1.00 4.000 8.00 400 0.24 0.14 13.27
HERBICIDE    
Glyphosate l Jan 1 2.50 12.00 30.00 1500 0.91 0.52
Sprayseed l Jan 1 1.50 7.00 10.50 525 0.32 0.18  
Sencor l Feb 1 0.70 62.00 43.40 2170 1.32 0.75 1.45
INSECTICIDE
Lorsban l Feb 1 6.00 20.00 120.00 6000 3.64 2.07
Dipel kg Mar-May 1 0.30 48.00 14.40 720 0.44 0.25
Nitofol 1 Mar-May 1 0.65 32.00 20.80 1040 0.63 0.36 2.68
FUNGICIDE    
Rhizolex kg Jan 1 6.00 40.00 240.00 12000 7.27 4.15
Bravo l Mar-May 4 2.00 14.00  112.00 5600 3.39 1.94 6.08
CONTRACT
Planting ha Jan 1 1.00 160.00 160.00 8000 4.85 2.77
Harvesting t Jun 1 33.00 18.00 594.00 29700 18.00 10.27 13.03
IRRIGATION  
Water applied (a) mm Jan-May 55 9.00 0.40 198.00 9900 6.00 3.42
Total Head (b) m 50.00
Pump efficiency (c) 65%
Motor Efficiency (d) 80%
Electricity (e) kWh a*b*.0272/c/d 1294.62
or Fuel (f) l 0.36 l/kWh * 1294.62 0.55 256.33 12817 7.77 4.43
MACHINERY: Tractor Hours hr 18.00
Tractor Fuel (g) l/hr 10.8 194.40 0.49 95.34 4767 2.89 1.65  
(repairs and maint) (.1e+.15f+2g)   229.14 11457 6.94 3.96 13.46

LABOUR: Seed Cutting hr   
Cultivating hr Dec-Jan 7.5 1.00 14.00 105.00 5250 3.18 1.82
Fertilising hr Jan 4 1.00 14.00 56.00 2800 1.70 0.97
Boomspraying hr Jan-May 3 1.50 14.00 63.00 3150 1.91 1.09
Crop inspection, Irrign. hr Jan-May 55 0.08 14.00 61.60 3080 1.87 1.06
Setting up, demounting irrigation hr Jan-Jun 2 3.00 14.00 84.00 4200 2.55 1.45
Harvesting hr Jun 1 45.00 14.00 630.00 31500 19.09 10.89 17.28
CARTAGE to Factory t Jun 1 33.00 20.00  660.00 33000 20.00 11.41 11.41
INTEREST  
on above % per month 5 0.85% 3261 138.61 6930 4.20 2.40 2.40
TOTAL VARIABLE COSTS TO THIS ENTERPRISE 5785 289246 175.30 100

GROSS MARGIN THIS ENTERPRISE ($/ha) @ 30.00 T/ha* 396
@ 33.00 T/ha 815
@ 36.00 T/ha* 1436  
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The overhead production and profitability for autumn-grown potatoes is shown in the following table. 

 STARCH POTATO PRODUCTION
Centre Pivot Irrigation
ENTERPRISE BUDGET FOR 50 Ha Riverina for Starch Potato Production

OVERHEAD ALLOCATION:
Enterprise total Crop Share Crop total Crop total

$ % $/Ha $
Enterprise maintenance 7000 35% 49 2450
Enterprise administration 7000 35% 49 2450
Permanent Labour 35000 50% 350 17500

DEPRECIATION ALLOWANCE - MACHINERY & EQUIPMENT REPLACEMENT

STARTING LIFE ENTERPRISE 
VALUE SHARE

$ /   yrs %
Centre pivot irrigation 120000 12 50% 100 5000  
Irrigation pipe 24000 12 50% 20 1000
Irrigation motors/pumps 37000 12 50% 31 1542
Injector System 6000 12 50% 5 250
Tractor 50000 8 25% 31 1563
Boomspray 16000 8 35% 14 700
Ute 34000 5 35% 48 2380
Fertiliser spreader 5000 10 50% 5 250
Tillage equipment 10000 10 50% 10 500

Total 302000
 

IMPUTED COSTS (Opportunity cost of capital)

Market Interest Enterprise 
Value Rate share

$ % %
General Purpose Plant 0 10% 30% 0 0
Centre Pivot Irrigation 0 10% 100% 0 0
Water Storage 0 5% 100% 0 0
Land 0 5% 100% 0 0
TOTAL COST 6399 319930

SENSITIVITY ANALYSIS:

COST OF PRODUCTION GROSS MARGIN           RETURN TO CAPITAL**
Yield Direct Total "Gross Margin $/Ha" "Profit $/Ha"

Cost Cost  at $/t    at $/t  
t/ha $/t $/t 190 200 210 190 200 210

30 187 207 96 396 696 -518 -218 82
33 175 197 485 815 1145 -129 201 531
36 160 177 1076 1436 1796 463 823 1183

PREDICTED RETURN ON CAPITAL  = 3.33%
* Harvesting,cartage and interest are adjusted for yield
** Excluding imputed costs TOTAL PROFIT = 10070

KEY ASPECTS:
* Assume contract grown for Processing Facility
* Contract Seed Cutting
* Contract Planting
* Contract Harvesting

Prepared by Grant Stuart   
22-Jun-03   
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Appendix 4: Conversion of Waste to Polyesters: A Green 
Technology to Produce Biodegradable Thermoplastics and 
Elastomers from Organic Wastes 
(Note: Some reporting here is constrained by confidentiality agreement.) 

A new technology evaluation 
The Chemical Engineering Division (Department of Ocean and Resources Engineering, Inventor: 
Professor Jian Yu) at the University of Hawaii has developed what it calls a novel membrane 
bioreactor system and production process for making PHA. The technology uses organic waste, such 
as food scraps or agricultural byproducts. Potato waste is said to produce relatively good results with 
the technology. The technology has been demonstrated in the laboratory at bench scale. More recently, 
I-PHA Biopolymers of Hong Kong, a subsidiary of a Hong Kong waste-management company, has 
been given an exclusive licence to develop the technology further and apply it in Hong Kong, Macau 
and China. 

The inventor describes the technology as having the following applications:  
• manufacture of thermoplastics and elastomers for various packaging products 
• production of biomaterials for controlled release of fertilisers, pesticides and herbicides with long-

term efficacy and reduced runoff and environmental pollution  
• materials for marine antifouling coatings with controlled release of antifouling agents and self-

renewing surface 
• manufacture of biodegradable containers, bags and films for agriculture, aquaculture and household 

products with predictable lifetime and environmentally friendly disposal 
• value-added utilization of marine and agricultural biomass 
• recycling and reuse of industrial and municipal organic wastes for cost-efficient waste disposal.  

The main advantages are seen as: 
• Saves 70–75 per cent of raw carbonaceous raw materials compared to fermentation of pure glucose 

and organic acid (propionic acid), leading to 40–45 per cent reduction in production cost of the 
polymers.  

• Produces a clean cell mass with a very high polymer content (72–75 per cent of dry mass weight 
(wt)) compared to the low polymer content (1–5 per cent of wt) produced by conventional 
biological production processes.  

• High polymer content keeps the cost of polymer recovery low (typically to 20–25 per cent of total 
production cost).  

• Offers potential to modify conventional biocomposting systems to produce valuable biodegradable 
thermoplastics along with other conventional composting products, such as fertiliser for organic 
agriculture. 
The University of New South Wales (through Professor Peter Rogers and Unisearch) prepared the 
following review comments of the technology in its present state of development.  
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A4.1: Review of technology 
The technology has essentially three components: 

1. An anaerobic digestion process which is capable of converting a range of organic waste materials 
into organic acids (e.g., acetic acid, propionic acid, butyric acid, lactic acid) and gases (methane, CO2). 
The concentrations of organic acids cited by Professor Yu for an initial loading of 180 g/L dry weight 
organic solids could be regarded as fairly typical for such an anaerobic digestion, viz 25–32 g/L each 
of lactic and butyric acids, 2–5 g/L each of acetic and propionic acids. 

2. An aerobic fermentation process using cells of either Ralstonia eutropha or Pseudomonas 
oleovorans to convert these organic acids into cells with a polymer content (PHA) of up to 72–75 per 
cent of the dry cell weight. Such PHA contents are achieved by originally cultivating the cells in a low 
C/N nutrient medium, so that when the cells are exposed to a high C/N environment they rapidly 
accumulate storage materials as biopolymers (typically PHA). The levels of 72–75 per cent PHA after 
60 hours for this technology are quite high for wild-type cells (usually 55–65%) although typical of 
faster-growing recombinant strains of Escherichia coli which have been shown to produce a range of 
biopolymers with different characteristics (e.g. PHB, PHV) depending on the various types of carbon 
sources which are made available. In the case of these recombinant E. coli fermentations usually pure 
substrates in controlled proportions are used. 

3. A biofilm-based membrane that separates the two specific bioprocesses and facilitates the transfer 
of the organic acids from the anaerobic digester to the fermenter for biopolymer production. The 
membrane is described as a ‘microfiltration membrane’ and as such would not allow cells or small 
particles to pass through, but would allow for passage of small organic molecules including organic 
acids. The key to the membrane operation is claimed to be the formation of a stable biofilm on one or 
both sides of the membrane. Such a biofilm essentially results from the ‘fouling of the membrane’ — a 
phenomenon which is well known when membranes are used in the microfiltration of various 
microbial suspensions or in the ultrafiltration of solutions of proteins or other complex organics. In 
usual practice, fouling continues and causes a significant decrease in flux (and/or possible blockage) to 
the point where the membrane needs to be removed and cleaned prior to re-use. The nature and 
severity of the fouling problem depends on the type of microorganisms and the nature of any solids in 
the liquids to be filtered. 

To reduce the effect of membrane fouling in commercial practice, the technique of tangential flow or 
parallel flow micro/ultrafiltration is used, using rapid liquid flow rates parallel to the membrane 
surface, and this mode of operation acts to reduce the impact of fouling by continuously sweeping the 
membrane surface. In the current process design however, the liquid flow is at right angles to the 
membrane surface and this could further exacerbate the effects of fouling. 

Data on mass transfer rates (which can be related to flux) for the present technology are presented for 
the four fermentative acids through two membranes. Very low transfer rates were reported for the 
hydrophobic membrane (as would be expected) and a very significant increase was found for the 
biofilm/microfilter hydrophilic membrane. However, no time course data are presented to show how 
long these high mass transfer rates can be sustained. Such data are essential to obtain some assessment 
of the impact of fouling on membrane operation. 

A4.2: General observations on the integrated process 
At a conceptual level the integrated process is very attractive as it offers the potential to turn organic 
waste material into a higher-value product (biopolymer) as well as a byproduct lower-value fertiliser 
(and possibly methane) from the non-degraded solids in the anaerobic digester. 

However, there are several critical issues that need to be addressed in fully evaluating this integrated 
process. 

1. The use of bio-decomposable organic wastes from a range of sources (viz. industrial, municipal) 
means that the wastes will be of very variable composition. This will result in different concentrations 
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of the various organic acids (and other nutrients), with subsequent problems in obtaining a 
biodegradable plastic (PHA or specifically PHBV) of constant composition and properties. A lower-
value product with variable properties may result thereby making it difficult to meet consumer 
specifications. 

2. The various bio-decomposable organic wastes may contain various toxic organics and soluble metal 
salts which could affect the anaerobic digestion process and also the subsequent growth and 
biopolymer production in the aerobic fermentation. It should be noted also that the anaerobic digester 
involves a complex mixed culture of bacteria with different species predominating depending on pH, 
nutrient availability and susceptibility to any inhibitory compounds. The stability of the anaerobic 
digestion with various typical wastes would need to be tested.  

3. The effective operation of the ‘microfiltration membrane’ depends fundamentally on the formation 
of a stable biofilm on one or both sides of the membrane. The biofilm is produced as a result of 
membrane fouling which could be due to the following: 

(a) Attachment of fine particles to the membrane, particularly from the anaerobic digester side, as the 
organic waste will contain a wide range of compositions and sizes of particulate matter which 
could foul the membrane. 

(b) Attachment of microorganisms to both sides of the membrane. Those from the anaerobic digester 
are likely to constitute a wide-ranging mixed culture of microorganisms (bacteria, yeast, fungi, 
protozoa, etc.) of variable composition and characteristics. The composition of this complex mixed 
culture will depend on the nature of the organic waste as well as the operating conditions (pH, 
temperature, loading rate, etc.). Bacteria from the PHA fermentation (either pure cultures of R. 
eutropha or Ps. Oleororans) will attach also to the other side of the membrane and contribute to the 
formation of membrane biofilm, although this is likely to occur to a lesser extent than fouling on 
the anaerobic bioreactor side. 

(c) Other extracellular products (e.g. proteins) may contribute to fouling. 

A4.3: Data needed for technology confirmation 
Key data presented in the description of the technology cover: 

(a) production of organic acids in the anaerobic digestion of food scraps  

(b) uptake of organic acids and PHA production (together with dry cell weight and % PHA content) in 
a bioreactor in which the fermentative acids are fed via a microfiltration membrane  

(c) mass transfer characteristics for organic acids across two types of membranes including one 
incorporating a biofilm and microfilter. 

However, while these individual sets of data are convincing and illustrate the possible potential of the 
technology, the key issue to resolve is the operation of the biofilm membrane under longer-term 
experimental conditions. While it is claimed that the ‘key technical innovation is the revolutionary 
membrane bioreactor system’, no data are provided for the operating characteristics of the biofilm 
membrane over time or the operation of the integrated process when the various components are put 
together. In typical microfiltration membrane operation, fouling increases significantly with time and 
declining flux results (even with defined medium and pure cultures). This fouling occurs with 
microbial cultures on one side only of the membrane; for the present system a double biofilm could 
well develop. 

Data are needed also for the bioreactor systems proposed to determine their operating characteristics. 
Rate limitations may be due to two possible factors: 

(a) Mass transfer limitations due to declining flux through biofilm membrane. 

(b) The rate of availability of organic acids to the PHA process. Approximately 15 g/l PHA is 
produced in 70–80 hours, and this requires an estimated rate of total organic acid uptake of at least 
0.3 g/l/h. From the data , 30 days are required to produce total organic acids of about 70 g/l, with 
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an acid production rate of 0.1 g/l/hour. The system design will need to ensure that the total rate of 
acid production is not a limiting factor. 

A4.4: Recommendations for further investigation of this technology 
1. More data are needed for a critical evaluation of the process: 

(a) data for the operation of an integrated batch process are needed, as the available data appear to 
come from separate experiments on the component subprocesses 

(b) data are needed for flux of organic acids vs time for the integrated process using at least one 
specific waste to confirm that the biofilm membrane can maintain reasonable flux over at least 3–4 
days, and for up to 30 days for completion of the anaerobic digestion. 

This further information is absolutely essential for determining whether or not the process is 
technically feasible. 

2. Ideally the integrated process should be evaluated over time for a series of organic wastes as each 
will result in different ratios of organic acids; and different biofilm and membrane-fouling 
characteristics. 

3. If the above laboratory-scale trials are successful, data at the pilot scale are necessary for further 
evaluation of its technical feasibility. 

4. If the technical feasibility of the process can be demonstrated, then the nature of the PHA product 
needs careful evaluation as its characteristics are likely to change with variations in the ratios of the 
different organic acids (viz acetic, propionic, butyric, lactic) in the fermentation medium. The 
characteristics of higher-value biopolymers such as PHBV are required to meet tight specifications, 
and it may be difficult for the PHAs produced in the present process to meet such specifications given 
significant feed variability. The value of the produced PHA could therefore be substantially reduced. 

5. Economic feasibility would need to be demonstrated for the process. This would need to be related 
to the scale of operation which would be profitable and the volume of ‘high quality waste’ which is 
available throughout the year to meet the feedstock need for this level of PHA production. Several 
economic feasibility studies have been published recently and these are cited for a more detailed 
comparison, including Konig et al. (1997), van Wegen et al. (1998) and Choi, J. & Lee, S. Y. (1999).  
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