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Background 

Aquaculture had been growing around the world and in Australia due to quota reductions and increased emphasis on conservation of wild fish stocks. There has been a high dependence on an increasing amount of imported and local baitfish for the protein needed for aquaculture industry growth in Australia. About 80% of the fish meal used in the aquaculture industry was imported from overseas. Some was produced locally from baitfish and from Atlantic salmon residues. As fishing operations plateaued around the world, both prices and the frequency of shortages of fishmeal had risen. Fishmeal production had been relatively stable but demand had grown due to increased demand from aquaculture and other intensive animal industries. Also, imported fish meal was heat treated but carried a risk (albeit low) of importing diseases.  

Feed formulation was perceived as a critical factor in successful aquaculture operations as there is a need to maintain a high growth rate in the fish being farmed, maintain a favourable feed conversion efficiency, minimise the cost of the feed (feed can be between 30-40% of the input costs), and minimise both metabolic and direct nutrient waste from entering waterways.  

The projects in this cluster focused on diets for growing out fish and, while including a project on ingredients, focused primarily on optimal nutrient requirements and diet formulation for a number of aquaculture species. Some of these aquaculture operations were new industry developments where the industry was small and required research resources for further development.  

Finfish aquaculture operations in Australia rely on the culture of fish eggs and raise the larvae as the source of young fish. Feeding larvae in hatcheries was therefore also a critical operation. Such feeding up to 1996 had depended largely on harvesting Artemia cysts as live food was considered essential for raising larvae in hatcheries. The cost and physical shortages for importation had been significant constraints to the use of Artemia. In addition, there was an ongoing risk of importing diseases due to the harvesting process for cysts. Alternatives to Artemia, particularly artificial diets rather than live diets, were thus pursued in one of the cluster projects.

These investments followed an earlier FRDC subprogram into fish meal replacement. This earlier investment placed an emphasis on the replacement of high cost imported fishmeal with local feed material and covered barramundi, silver perch, prawns and Atlantic salmon. Some progress had already been made in commercialising the results of this earlier investment.   

The Cluster 

Projects
Table 1 presents the details for each of the four projects included in this cluster. The projects in this cluster were those projects with final reports completed in the period from 1 July 2003 to 30 June 2008. This met the criteria for population definition in the guidelines for evaluation as communicated by the Council of Rural Research and Development Corporations. 

Table 1: Summary of Project Details   

	Project Number
	Project Title 
	Other Details

	1996/391


	Ingredient Evaluation
	Organisation: NSW Department of Primary Industries 
Period: Jul 1996 to Jun 2004
Principal Investigator: Geoff Allan

	1996/392


	Nutrient Requirements of Aquaculture Species
	Organisation: CSIRO Marine and Atmospheric Research 
Period: Dec 2006 to Jan 2005
Principal Investigator: David Smith 

	1996/393


	Diet Validation and Feeding Strategies

	Organisation: Queensland Primary Industries and Fisheries 
Period: Oct 1996 to Jun 2004
Principal Investigator: Chris Barlow

	2001/220



	Development of Marine Fish Larval Diets to Replace Artemia

	Organisation: Department of Fisheries, Western Australia 
Period: Sep 2001 to Jun 2005
Principal Investigator: Sagiv Kolkovski



Project Objectives
Table 2 presents the objectives for each of the projects included in the cluster.

Table 2: Description of Project Objectives

	Project Number 
	Objectives

	1996/391
Ingredient Evaluation







	1. To determine nutrient digestibility of major terrestrial protein and energy feed ingredients for which information is not currently available.
2. To determine contribution to fish and prawn growth of the most promising new ingredients and identify the maximum amounts which can be included in practical diets.
3. To evaluate carbohydrate utilisation and determine effects of carbohydrate type, content and processing on digestibility.
4. To use results to determine first limiting nutrients for fish and prawn diets based on Australian ingredients, and to formulate practical diets for evaluation in commercially relevant facilities. 
5. To communicate results to producers of feed ingredients, feed manufacturers, aquaculturists and the scientific community.

	1996/392
Nutrient Requirements of Aquaculture Species





	1. To assess the effectiveness of three forms of amino acid supplementation to improve the amino acid balance of diets containing terrestrial proteins (CSIRO).
2. To define the daily requirements for essential amino acids and energy of the black tiger prawn during grow-out at specific temperatures.
3. To define the requirements in silver perch for the essential fatty acids and amino acids (NSWF).
4. To determine the protein and energy requirements of several size classes of barramundi at several temperatures.
5. To determine the cost benefit of using commercially available attractants and palatability enhancers in prawn feeds where high levels of grains and legumes are used (CSIRO).
6. To communicate the research findings to the feed manufacturing industry and the scientific community (CSIRO, QDPI).

	1996/393
Diet Validation and Feeding Strategies





	1. To demonstrate the cost-effectiveness of the diets incorporating 'high priority' Australian ingredients which meet determined or published nutrient requirements for fish/prawns reared in commercially applicable facilities.
2. To identify optimum feeding schedules, based on the combined costs of feeds and labour associated with feeding, for the on-growing of barramundi and silver perch to market size (0.5-3 kg).
3. To determine the potential for compensatory growth in silver perch and barramundi.
4. To determine the organoleptic qualities of fish/prawns fed different diets. 
5. To communicate the research findings to industry and the scientific community by means of technical and scientific publications.

	2001/220
Development of Marine Fish Larval Diets to Replace Artemia

	1. To develop a standard testing system for evaluating live and artificial feeds for finfish larvae.
2. To test currently available artificial (commercial) diets.
3. To formulate artificial larvae diets.
4. To assess the use of ‘local’ Artemia and improve their nutritional value. 
5. To develop the use of co-feeding live and dry diets for partial or full replacement of Artemia nauplii.



Project Investment   
Table 3 shows the annual investment by project for both the FRDC and for researchers and other investors. Table 4 provides the total investment by year from both sources.



Table 3: Investment by FRDC and Others by Project for Years Ending June 1997 to June 2008 (nominal $)

	Year ended June 
	Project 1996/391 
	Project 1996/392 
	Project 1996/393
	Project 2001/220
	Total

	
	FRDC
	Other
	FRDC
	Other
	FRDC
	Other
	FRDC
	Other
	

	1997
	85,808
	317,763
	184,699
	530,430
	71,208
	316,081
	0
	0
	1,505,989

	1998
	154,985
	573,939
	173,828
	499,210
	138,228
	613,571
	0
	0
	2,153,761

	1999
	166,834
	617,818
	220,877
	634,329
	159,210
	706,707
	0
	0
	2,505,774

	2000
	31,281
	115,839
	0
	0
	0
	0
	0
	0
	147,120

	2001
	43,557
	161,300
	0
	0
	0
	0
	0
	0
	204,857

	2002
	0
	0
	0
	0
	0
	0
	187,098
	193,382
	380,480

	2003
	0
	0
	0
	0
	0
	0
	157,171
	162,450
	319,621

	2004
	21,109
	78,171
	33,684
	96,736
	25,810
	114,566
	94,854
	98,040
	562,970

	2005
	0
	0
	0
	0
	0
	0
	84,780
	87,628
	172,408

	Total
	503,574
	1,864,829
	613,088
	1,760,705
	394,456
	1,750,925
	523,903
	541,500
	7,952,980


Source: FRDC project management database; other investment (including researchers) based on project proposals.   

Table 4: Annual Investment in Diet Development Projects (nominal $)

	Year ending June
	FRDC
	Researchers and Others
	Total

	1997
	341,715
	1,164,274
	1,505,989

	1998
	467,041
	1,686,720
	2,153,761

	1999
	546,921
	1,958,853
	2,505,774

	2000
	31,281
	115,839
	147,120

	2001
	43,557
	161,300
	204,857

	2002
	187,098
	193,382
	380,480

	2003
	157,171
	162,450
	319,621

	2004
	175,457
	387,513
	562,970

	2005
	84,780
	87,628
	172,408

	Total
	2,035,021
	5,917,959
	7,952,980




Outputs 

Table 5 provides a summary of activities and outputs for each of the projects.

Table 5: Summary of Project Activities and Outputs

	Project
	Activities/Outputs

	1996/391
Ingredient
Evaluation









	· Likely ingredients identified included meatmeals, especially low ash meals, oilseeds, grain legumes, especially dehulled and processed lupins and field peas and modified wheat gluten products.
· Digestibility coefficients for oilseeds, legumes and carbohydrate sources defined for silver perch and barramundi.
· Maximum contents of different energy and protein sources identified.
· Information produced on relative carbohydrate utilisation between species of fish.
· Knowledge that dehulling, steam conditioning or extrusion of alternative ingredients can improve performance from manufactured feeds.
· Silver perch were found efficient at utilising starch for energy and performed well on low protein diets; barramundi required diets with high (>40%) digestible protein as most of their energy needs must come from protein.
· A set of priorities for further research was developed.
· Research methods were developed and capacity built in the research area. 

	1996/392
Nutrient 
Requirements 
of Aquaculture Species



	· It was demonstrated that microencapsulation techniques to reduce leaching loss of crystalline amino acid additives had limited value. 
· Reduction in supplementary cholesterol in feed additives was possible for black tiger prawns.
· Information produced concerning attractant supplement performance for prawn feeds and the superior attractant properties of ingredients of marine origin.
· Information produced on the requirements for fatty acids by silver perch.
· Increased understanding of protein and energy in various feeds and the limitations to their use, particularly for silver perch 
· Improved feed formulations for barramundi.   

	1996/393
Diet Validation
and Feeding 
Strategies






 
	· Cost effective alternative diets were demonstrated for all species.
· Confirmed that fish meal can be entirely replaced for silver perch using less costly meat meal and wheat. 
· Validated that the majority of fish meal can be replaced for barramundi with meat and bone meal.
· Established that the feed conversion ratio for barramundi is improved with alternative high energy diets compared with traditionally formatted diets.
· Due to the higher unit feed costs for the alternative diet, the feed cost per kg of fish produced was not significantly different.
· A major impact on profitability was that the alternative diet improved the growth rate of the fish allowing fish to reach target market weight more rapidly, so reducing the total production cost per kg from $9.23 to $8.60, or 6.8%.        
· Validated that a high proportion of fish meal can be replaced for black tiger prawns with meat meal or dehulled lupins.
· Optimal feeding schedules were determined for silver perch and prawns.
· There were no negative fish taste impacts from the replacement of fish meal, provided fish oil was provided in diets. 

	2001/220
Development 
of Marine Fish
Larval Diets
to Replace
Artemia

	· An automated experimental larval rearing system was developed to reduce variability among tanks and enhance control of environmental parameters. Included an automatic feeding system. 
· Development of microdiets that can be tailored to specific conditions and can out-perform existing commercial diets.
· Development of feeding and weaning protocols and co-feeding protocols with Artemia; up to 90% of live food can be replaced with the new feeding protocols without negative impacts on growth and survival.
· Preliminary work carried out to commercialise Artemia production. 




Outcomes

Table 6 provides a summary of outcomes for each of the projects. 

Table 6: Summary of Project Outcomes

	Project
	Outcomes

	1996/391
Ingredient Evaluation








	· More accurate digestibility information for feed formulators.
· Data on ingredient digestibility and growth effects can be used to estimate the cost of constructing alternative nutrient specifications in feed formulations using different ingredients.
· Alternatives to fishmeal can be used provided information on digestibility and utilisation is available and nutrient requirements are understood, particularly protein and energy requirements.
· Communication of findings has been effected through a variety of methods including scientific journals, conference presentations and commercial feed manufacturer briefings.
· The majority of silver perch diets are now based on information generated during the subprogram or its predecessor (the Fishmeal Replacement Aquaculture Diets Subprogram).
· Improvement in diets and reduced costs of feeding barramundi and silver perch. 
· Significant increase in Australian ingredients being exported, (particularly lupins and meat meals), largely as a result of research conducted under this subprogram and its predecessor.
· Marketing opportunities for manufactured feed diets overseas.
· The two major manufacturers that dominate aquafeed production in Australia (Ridley's Aquafeeds and Skretting Australia) have expanded their production considerably since the inception of the subprogram. 
· Silver perch diets are also made by Select Nutrition, a small feed manufacturer located at Windsor, NSW. This company sells over 500 tonnes of silver perch feed annually but did not produce any aquafeed prior to the inception of the subprogram.

	1996/392
Nutrient Requirements of Aquaculture Species




	· Contributed to potentially improved and more cost-effective diets for prawns, silver perch and barramundi.
· Silver perch farmers benefit by feeding as much as the fish can eat if they are using low protein diets (less than 30% protein), but feed higher protein diet if water quality is under threat.
· Prawn farmers have the potential to include less cholesterol in feeds without a fall in performance provided fishmeal and other marine ingredients are fed.
· With regard to barramundi nutrient requirements, the project results were inconsistent and not definitive enough (inconclusive) and difficult to adapt to commercial diets.

	1996/393
Diet Validation and Feeding Strategies

	· Barramundi diets developed from the project by feed formulators are now available but specific feed formulation diets for the silver perch industry have not been commercialised.  
· The findings were generally adopted by the barramundi industry and this project provided the basis for the high energy diets used in the barramundi industry today. 

	2001/220
Development of Marine Fish Larval Diets to Replace Artemia







	· Some parts of the feeding and rearing systems have already been adopted by industry.
· Adoption of the rearing system provides a better controlled environment, reduced maintenance time and reduced labour input.
· Microdiets developed can improve the growth and survival of fish larvae being raised for aquaculture purposes, as well as less fouling of tanks by inert diets. This project led to a further project supported by FRDC that has reached the stage of commercial patenting of microdiets. 
· The feeding strategies developed can optimise utilisation of microdiets by the larvae and reduce the reliance on live food; an improved diet for finfish and crustacean aquaculture independent of imports of brine shrimps of Artemia (live).
· Commercial Artemia production in Australia can reduce risk of shortages and can reduce risk of unknown pathogens being imported. The production of Australian cysts is being currently developed in a later project. 





Benefits

Economic Benefits 

Improved fish diets 
The 1996/391-393 project investments have provided a valuable contribution to the developing barramundi industry. The projects collectively gave more confidence to commercial feed manufacturers to replace imported fish meal with Australian-based raw materials, such as rendered raw materials (meat and poultry meal) and lupin meal in barramundi diets. And in this way, developed species (such as Atlantic salmon) also benefited from the confidence in local raw materials.

There may have been some cost savings due to use of locally produced feeds but they have not been significant or continuous due to the increasing values of local feeds in the past decade and fluctuations in the exchange rates. 

Project 1996/393 probably had the greatest cost return for the barramundi industry through reducing cost of production as opposed to diet cost alone. The laboratory- and commercial-based diet validation and subsequent cost of barramundi production model was fundamental in proving the benefit of, and shifting the industry to higher energy diets. It is still the basis of the high energy diet used in the barramundi industry today (Rhys Hauler, pers.comm., 2009). 

As the silver perch industry has been static in recent years (Figure 1), there has been little interest by the industry in the development of specific feed formulations. Some of the knowledge generated in the projects may have been utilised by specific farming operations but evidence of such benefits is sparse.    

Figure 1: Silver Perch Production
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Overseas operations have not requested aquaculture feeds based on Australian raw materials (lupins or meat meal) as an outcome of this diet development work. However, there have been requests for Australian barramundi feeds based on the benefit of energy density identified in this diet development work (Rhys Hauler, pers.comm., 2009). 

Replacing fishmeal in growing operations  
As the locally produced feeds have replaced fishmeal imports, there are further potential benefits in the form of reduced fluctuations in price, greater continuity of quality and less risk of disruption due to shortages. 

The following is a supporting statement by a representative of a major aquaculture feed company: 
‘The projects, and subsequent following projects, have enabled Australian aquaculture feed manufactures to adopt raw material sources that are proven replacements for imported fish meal. The benefit of these raw materials has been continuity of supply and less exposure to foreign exchange rates. More importantly, it has been the key to develop greater sustainability of the Australian aquaculture industry as the reliance on imported wild fisheries inputs (fish meal and fish oil) since the initiation of these projects has been reduced. For the barramundi industry, feed products are offered that more than halve the former reliance on imported wild fisheries inputs due to the investment and to subsequent projects on fish meal replacement’ (Rhys Hauler, pers.comm., 2009).

In gaining more confidence in local raw materials, the Atlantic salmon, Ocean trout and Yellowtail kingfish industries have benefited indirectly.

Larval feeding -  Artemia Project 
The results from project 2001/220 have led to a new project ‘Commercialisation of  marine larvae feed – Artemia’. This project is at its final stages and has resulted in the development and establishment of a full scale production facility at Hutt Lagoon, Port Gregory Western Australia.  The company (Cognis Pty Ltd) is currently producing and selling Artemia biomass adjunct to the production of Dunaliella salina for beta-carotene.  The company is already supplying prawn hatcheries as well as all the marine ornamental shops in the country with artemia biomass and soon with Artemia cysts (Sagiv Kolkovski, pers comm., 2009).  This could contribute to a reduced risk of shortages and pathogens from reduced imports of Artemia. 

The Artemia project also led to a further project titled ‘Commercialisation of marine larvae feed – microdiets’. During this project, a world wide patent was registered for a feeding system developed by the Department of Fisheries, Western Australia. This feeding system is currently been manufactured in Western Australia and been sold for the past 2 years around the world,  including to Spain, Portugal, Norway, France, Canary Islands, USA, Canada, Singapore, New Caledonia.  All the revenue from the sales was returned to the project for further development and maintaining the patent registration (Sagiv Kolkovski, pers comm., 2009). 

Other Australian aquaculture industries could also potentially benefit from the Artemia project (e.g. Rock Lobster, Yellow Tail Kingfish, Striped Trumpeter, Cobia).

The system tanks, in general, were designed for R&D use rather than full-scale commercial production. A commercial hatchery will most likely use bigger tanks; hence,   the automated hatchery feeder has been adopted by only one hatchery in Australia, although some aspects of the system were adopted by different hatcheries. 

The microdiet was found to be superior to the ones been sold in Australia. However, due to the very small market for this product, it was not viable commercially to produce by the feed manufacturers (there are only 2 fish feed manufactures in Australia and one of them is importing a microdiet made in Europe) (Sagiv Kolkovski, pers comm., 2009). The use of microdiets for feeding larvae as opposed to live feeds can provide greater flexibility and consistency in feeding and lower costs.

The rearing systems have not been commercialised. However, two systems were installed in Australia. The system design was published and is available to any hatchery to adopt partially or as whole (Sagiv Kolkovski, pers comm., 2009).

There was also improved processes developed for manufacturing enrichment products for one major USA manufacturer where high bacterial loads prompted investigation resulting in  identification of the cause rectified by an improved manufacturing process (Wayne Hutchinson, pers comm., 2009). A commercial company manufactured the enrichment products. The products are ‘tailor made’ to specific requirements for specific species or experiments.  In general, it gave R&D institutes the possibility to use the same formulation and only change one tested ingredient to enable them to evaluate and determine nutritional requirements (otherwise, they could only compare commercial products that significantly differ from each other). Using these products, different nutrients were found to increase larvae survival and growth as well as reduce deformities. The products therefore were used as a tool and not as final products (Sagiv Kolkovski, pers comm., 2009).

Environmental Benefits
Manufactured diets have high digestibility and produce lower levels of phosphorus and nitrogen wastes, so benefiting the environment through higher water quality and a reduction in the frequency and incidence of algal bloom outbreaks in the vicinity of aquaculture operations.

Lower food conversion ratios have an environmental benefit as utilisation of materials is more efficient with less waste containing phosphorous and nitrogen.  For example, a cap on nitrogen is being placed on nitrogen in some receiving environments in Tasmania so if farms want to increase production they need more efficient nitrogen-diets.

Biosecurity benefits from any fall in imported fish meal would have been minimal. However, the potentially reduced reliance on Artemia in future may lower the unknown risk of microorganisms being imported and impacting on waterways.

Social Benefits 
Capacity in the field of fish nutrition was substantially raised from the investment in this cluster of projects. In 1988/89, there were less than four people with scientific capacity in aquaculture nutrition in Australia. This has increased since then to where there are currently about 30 people employed in fish nutrition science, many of them in the private sector with aquaculture or feed manufacturing companies. 

The development of new aquaculture industries, many of which complement land based primary industries, produce social benefits in the form of decreased risk from dependence on single enterprises and a broader diversification of income at both business and regional levels.  The argument for investing public monies in new industry development to gain social benefits is presented later. 

The use of Australian ingredients has created an increased demand for products from Australian feed producing industries. 

Summary of Benefits 
Table 7 provides in a triple bottom line framework a summary of the principal types of benefits associated with the outcomes of the investment.  


Table 7: Summary of Benefits in Triple Bottom Line Framework

	Economic
	Environmental
	Social

	1. Improved productivity in barramundi production (e.g. higher growth rates, lower feed inputs for same level of production) 
	6. Higher water quality and a reduction in the frequency and incidence of algal bloom outbreaks due to feeds with higher digestibility 
	8. Increased human capacity in the field of fish nutrition
 


	2. Greater confidence to commercial feed manufacturers to replace imported fish meal with Australian-based raw materials resulting in increased demand for products from Australian feed producing industries
	7. Potential biosecurity benefits from reduced reliance on Artemia
	9. Reduced risk from dependence on single enterprises and a broader diversification of income at both business and regional levels

	3. Reduced risk of price fluctuations, quality variation and physical shortages due to less fish meal being used 
	
	

	4. Lowered costs of larvae from new rearing and feeding systems potentially benefitting a range of Australian aquaculture industries 
	
	

	5.  Local Artemia production providing a reduced risk of shortages and pathogens via reduced imports 
	
	



The benefits identified above have been classified into other categories in Table 8. This provides a subjective assessment of the magnitude of each benefit and its distribution among beneficiaries.   

Table 8: Summary of Importance of Benefits by Beneficiary Type  

	
	Fishing industry 
	Spillovers

	
	
	Other industries
	Public

	Economic
	1. ***
2. **
3. **
4. *
5. *
	2. **
	

	Environmental 
	6. *
7. *
	
	6. *
7. *

	Social
	8. *      
	
	8. *
9. *


*** Major contribution   ** Some contribution    * Minor contribution  

Public versus Private Benefits 
As indicated in Table 8, the majority of the benefits identified are private in nature. On the basis of the number of benefits listed in Table 8, and equal weighting for each benefit, it could be concluded that public benefits to Australia could make up 31% of the total benefits. If the subjective weightings provided in Table 8 are taken into account, then 22% of the total benefits could constitute public benefits to Australia. 
    
Distribution of Benefits Along the Fish Supply Chain 
Some of the benefits assigned to fish farmers may be shared along the input supply and market supply chains, including domestic consumers. 

Benefits to Other Industries
Feed ingredient producers (for example, those producing soybeans and lupins) may benefit. 

Benefits Overseas
Some potential benefits may accrue to overseas fish farmers, particularly those farming these same species (e.g. barramundi farmed in the USA) and from the use of the feeding systems exported.  



Additionality and Marginality
These projects were funded predominantly from resources provided for public investment, largely to address sustainability.  New industries such as those in the aquaculture category take many years to grow and industry contributions would not be nearly sufficient in the early years of development to effectively fund the needed R&D. This is the ‘new industry argument’ for public investment in that area and was one of the reasons RIRDC was established for land based industries. Other reasons for funding such projects from public resources are that aquaculture growth can reduce the pressure on wild fisheries and its associated sustainability.  Other arguments for public funding of new industry development include encouraging resilience and diversification within communities (Wood et al , 1994 pp 6-9). 

Overall FRDC receives about 65% of its resources for R&D from public funding with about 35% from industry. 

If FRDC received no public funding at all, these four projects would not have been funded as R&D support from established industries would have been very difficult to use for new industry development.  

These investments were regarded as high priority by both the FRDC and the small fledgling aquaculture industries of the time (but not by the principal industry contributors) due to the opportunities for new industry development, the importance of feed costs in production, and the threat posed by continued reliance on imported fish meal and Artemia from cost, availability, variability and biosecurity viewpoints.

In the event that public funding to FRDC had been cut by half, it is likely that most of the projects in the cluster would have still been funded by FRDC and industry, although reduced resources would have been committed and progress would have been substantially slower. A proportion of the public benefit spillovers that have been identified would therefore still have been delivered. 

Further detail is provided in Table 9.

Table 9: Potential Response to Reduced Public Funding to FRDC

	1. What priority were the projects in this cluster when funded?
	High 

	2. Would FRDC and others have funded this cluster if only half of public funding of FRDC had been available?
	Yes, but with a lesser total investment (75-100%)

	3. Would the cluster have been funded if no public funding for FRDC had been available?
	Yes (50-75%)





Match with National Priorities 
The Australian Government’s national and rural R&D priorities are reproduced in Table 10 (updated in May 2007 and current as of July 2009 (http://www.daff.gov.au/agriculture-food/innovation/priorities)).

Table 10: National and Rural R&D Research Priorities 2007-08

	Australian Government 

	National Research Priorities
	Rural Research Priorities 

	1. An environmentally sustainable Australia
2. Promoting and maintaining good health
3. Frontier technologies for building and transforming Australian industries
4. Safeguarding Australia
	1. Productivity and adding value 
2. Supply chain and markets 
3. Natural resource management 
4. Climate variability and climate change 
5. Biosecurity 
Supporting the priorities:
1. Innovation skills 
2. Technology 



The projects contribute to National Research Priority 1, 2, 3 and 4  as well as Rural Research Priorities 1 and 2, with some implications for Rural Research Priorities 3 and 5. The projects also address both Supporting Priorities (Innovation skills and Technology).

  
Quantification of Benefits

Benefits Valued 
The principal benefit valued is the improvement in productivity experienced by the barramundi industry. The principal benefits not valued are 
· Reduced impact of price variability and availability of imported fish meal.
· Increased human capacity in fish nutrition.
· Greater confidence in using local feed materials
· The benefits to other new aquaculture industries   
· Progress towards Australian produced live feeds for larvae rearing in aquaculture to replace Artemia.
· Potential exports and local productivity improvements from automatic feeder and rearing technologies 

Counterfactual 
Considerable work on manufactured feeds had been carried out in a period earlier than this cluster of projects so there would have been some momentum underway and manufactured feeds and alternative diets were already being used to some degree. However, many of the results of the earlier investment were innovative and it is assumed that most progress would not have been made if this subsequent program had not been funded. This is so particularly with regard to the principal benefit valued in the following analysis.     

Industry Statistics 
Production and value statistics for the barramundi industry are shown in Table 11.

Table 11: Value, Quantity and Price of Farmed Barramundi 1998/99 to 2007/08

	Year
	Production (tonnes)
	Value
($)
	Derived Price
($ /tonne)

	1998/99
	775
	7,819,000
	10,089

	1999/00
	814
	7,893,000
	9,697

	2000/01
	898
	8,445,000
	9,404

	2001/02
	1,150
	9,922,000
	8,628

	2002/03
	1,486
	12,023,000
	8,091

	2003/04
	1,517
	13,433,000
	8,855

	2004/05
	1,775
	15,545,000
	8,758

	2005/06
	2,268
	18,801,000
	8,290

	2006/07
	2,632
	23,922,000
	9,089

	2007/08
	3,361
	33,980,000
	10,110


Source: ABARE: Fisheries Statistics, various issues

Industry Growth 
Production of barramundi in the nine years to 2007/08 showed an average annual growth rate of 18% (Table 11 and Figure 2). It could be expected that further growth will occur at least for some time into the future. It is conservatively assumed that the industry will experience production growth of 5% per annum for a further fifteen years taking total production by 2022/23 to 6,897 tonnes, after which it production is assumed to remain constant.  
 



Figure 2: Past Growth in Barramundi Production
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Cost Reduction 
An indication of the comparative performance of the high energy density diets compared with traditional diets is provided on page 67 of the final report for Project 1996/393 ($8.60 versus $9.23 per kilogram of fish respectively), and shows a cost reduction of 6.8%. It is assumed that this cost reduction has applied to barramundi production since 1999. This cost reduction is applied to the total costs of barramundi product per kg fish with the total costs estimated as the price of barramundi each year less 10% for profit.  

Attribution  
There were other factors such as the earlier nutritional work carried out plus the delivery of feed formulations by the aquaculture feed industry that also played a role in the industry capturing these benefits. An attribution factor of 90% to the cluster investment is assumed due to the innovative findings of Project 1996/393. 
 
Adoption 
It is assumed that a high proportion of the barramundi farming industry use the high density energy diets today. It is assumed that 70% of the industry uses the diets and that this use commenced in 1998/99 and rose to this maximum by 2001/02. 

Summary of Assumptions
A summary of the key assumptions made is shown in Table 12.

Table 12: Summary of Assumptions

	Variable
	Assumption
	Source

	Barramundi production by year and derived prices  
	As reported in Table 11 
	ABARE (2009)

	Assumed future growth rate for barramundi production 
	5% per annum until 2022/23
	Consultant estimate   after discussions with Rhys Hauler

	Reduction in cost of production  of barramundi  
	6.8%
	Final Report for Project 1996/393

	Attribution of cost reduction to cluster investments 
	90%
	Consultant estimate after discussions with Rhys Hauler

	Maximum adoption  
	70% total barramundi production 
	Consultant estimate after discussions with Rhys Hauler

	Time to maximum adoption 
	4 years
	Consultant estimate 

	Year of initial cost reduction 
	1998/99
	Consultant estimate  




Results

All past costs and benefits were expressed in 2008/09 dollar terms using the CPI. All benefits after 2008/09 were expressed in 2008/09 dollar terms. All costs and benefits were discounted to 2008/09 using a discount rate of 5%. The base run used the best estimates of each variable, notwithstanding a high level of uncertainty for many of the estimates.  Investment criteria were estimated for both total investment and for the FRDC investment alone. All analyses ran for the length of the investment period plus 30 years from the last year of investment (2004/05) to the final year of benefits assumed. 

Tables 13 and 14 show the investment criteria for the different periods of benefits for both the total investment and the FRDC investment.

Table 13: Investment Criteria for Total Investment
(discount rate 5%)

	Years
	0
	5
	10
	20
	30

	Present value of benefits ($m)
	3.27
	9.25
	16.13
	29.69
	39.33

	Present value of costs  ($m)
	17.25
	17.25
	17.25
	17.25
	17.25

	Net present value ($m)
	-13.98
	-8.00
	-1.12
	12.44
	22.08

	Benefit–cost ratio 
	0.2
	0.5
	0.9
	1.7
	2.3

	Internal rate of return (%)
	Negative 
	Negative
	4.3
	9.0
	10.1



Table 14: Investment Criteria for FRDC Investment
(discount rate 5%)

	Years
	0
	5
	10
	20
	30

	Present value of benefits ($m)
	0.83
	2.34
	4.09
	7.53
	9.97

	Present value of costs  ($m)
	4.24
	4.24
	4.24
	4.24
	4.24

	Net present value ($m)
	-3.41
	-1.90
	-0.15
	3.29
	5.73

	Benefit–cost ratio 
	0.2
	0.6
	1.0
	1.8
	2.4

	Internal rate of return (%)
	Negative 
	Negative
	4.6
	9.3
	10.4



The annual cash flow of undiscounted benefits is shown in Figure 3 for both the total investment and for the FRDC investment.

Figure 1: Annual Cash Flow of Benefits

[image: ]


Table 15 shows a subjective assessment of the benefit against the rural research priorities.  Bear in mind that this assessment refers only to the benefit that was valued. 

Table 15: Benefits Valued and Rural Research Priorities
 
	Benefit 
	PVB
($m)
	Productivity and Adding Value  
	Supply Chain and Markets 
	Natural Resource Management 
	Climate Variability and Climate Change 
	Biosecurity 

	
	
	% subjective allocation to each priority 

	Increased productivity in the barramundi industry 
	39.33
	100
	0
	0
	0
	0

	$m
	39.33
	39.33
	0
	0
	0
	0

	%
	100
	100
	0
	0
	0
	0



Sensitivity Analyses
Sensitivity analyses were carried out on some variables and results for the total investment are reported in Tables 16 to 18. All sensitivity analyses were performed with benefits taken over the life of the investment plus 30 years from the year of last investment. All other parameters were held at their base values. 

Table 16 shows the investment criteria are highly sensitive to the discount rate due to the small size of the industry when the investment commenced; if no industry growth had occurred, the investment would not have been profitable.  

Table 16: Sensitivity to Discount Rate
(Total investment, 30 years)

	Criterion 
	Discount Rate 

	
	0%
	  5% (Base) 
	10%

	Present value of benefits (m$)
	67.76
	39.33
	27.97

	Present value of costs (m$)
	10.58
	17.25
	27.72

	Net present value (m$)
	57.18
	22.08
	0.24

	Benefit-cost ratio
	6.4
	2.3
	1.0



Table 17 shows the investment criteria are not dependent on the future growth rate of the industry, although if industry growth is more than 5% per annum, benefits are boosted considerably; again, if no industry growth had occurred from 1999 onwards, the investment would not have given a positive return.

Table 17: Sensitivity to Annual Growth Rate of Barramundi Industry Post 2008 
(Total investment, 30 years)
 
	Criterion

	No growth industry 
	Industry Growth Rates Post 2008

	
	Assumed Barramundi production remained at 1999 level of 775 tonnes  per annum 
	0% per annum
(assumes 2008 level is  maintained) 
	  5% per annum 
(Base) 
	18% per annum (same as historical growth ) 

	Present value of benefits (m$)
	11.15
	26.64
	39.33
	136.16

	Present value of costs (m$)
	17.25
	17.25
	17.25
	17.25

	Net present value (m$)
	-6.10
	9.39
	22.08
	118.91

	Benefit-cost ratio
	0.6
	1.5
	2.3
	7.9

	Internal rate of return (%)
	Negative
	7.9
	10.1
	15.8



Table 18 shows the investment criteria are fairly robust against changes in the cost reduction assumption; in fact, the cost reduction could fall to 3% and the investment would still have broken even.    



Table 18: Sensitivity to Cost Reduction 
(Total investment, 30 years)
 
	Criterion 
	Cost Reduction 

	
	3.4% (Half)
	6.8%  (Base)
	13.6% (Double)

	Present value of benefits (m$)
	19.66
	39.33
	78.66

	Present value of costs (m$)
	17.25
	17.25
	17.25

	Net present value (m$)
	2.41
	22.08
	61.41

	Benefit-cost ratio
	1.1
	2.3
	4.6

	Internal rate of return (%)
	5.7
	10.1
	15.6



Confidence Rating  
The results produced are highly dependent on the assumptions made, many of which are uncertain.  There are two factors that warrant recognition.  The first factor is the coverage of benefits.  Where there are multiple types of benefits it is often not possible to quantify all the benefits that may be linked to the investment.  The second factor involves uncertainty regarding the assumptions made, including the linkage between the research and the assumed outcomes 

A confidence rating based on these two factors has been given to the results of the investment analysis (Table 19). The rating categories used are High, Medium and Low, where:
High:		denotes a good coverage of benefits or reasonable confidence in the 			assumptions made 
Medium:	denotes only a reasonable coverage of benefits or some significant 				uncertainties in assumptions made 
Low:	denotes a poor coverage of benefits or many uncertainties in assumptions made 

Table 19: Confidence in Analysis of Diet Development Cluster

	Coverage of Benefits
	Confidence in Assumptions

	Low
	High




Association with FRDC KPIs

The Key Performance Indicators (KPIs) for FRDC fall into five groups as provided in Table 20. The investments analysed in this evaluation have directly addressed the KPI C3 in challenge C - profitability. 



Table 20: FRDC Key Performance Indicators by Strategic Challenge as per R&D Plan 2005-2010 (a)

	Strategic Challenge 
	KPI

	A. Natural resource sustainability 
	1. Self or co managed fisheries governance structures and processes 
2. Reduction of species that are overfished
3. Increased use of fisheries R&D outputs by fisheries management agencies  

	B.  Resource access and resource allocation 
	1. Socio-economic resource allocation assessments incorporated into fisheries resource allocation processes
2. Evidence of improved use of spatial management as a tool for fisheries management 

	C. Response to demand; profitability 
	1. New markets accessed
2. Third party audited quality standards for vessels and processors
3. Increase in finfish production through improved feeds and feeding practices
4. Commercial operation for fish processing waste
5. Use of improved stock from selective breeding programs    

	D. People development 
	1. Seafood people to complete Australian Rural Leadership program annually
2. Postgraduate student completions
3. Industry people to attend “Advance in Seafood” Leadership Development Program   

	E. Community and consumer support 
	1. Increased consumption of seafood
2. Aquaculture ventures able to access new sites 


            (a) Note that all projects were started under previous R&D plans


Lessons Learnt for Future Investment

Lessons learnt from this analysis included:
· Knowledge from projects is being used in other projects. More recent projects on Artemia have built on the project in this cluster and are likely to deliver benefits in the future. The input from the original project (2001/220) in this cluster needs to be noted and acknowledged in any future evaluation of ensuing projects.  
· For three of the four projects there were large gaps between the first few years of the investment and the final year of investment (See Table 3). The timing of arrival and acceptance of final reports, and the final payment for each project should be investigated. Either draft reports in this cluster were very late, it took significant time to between the draft and finalising reports, or final reports were finalised but then it took considerable time to make final payments.
· Innovations that apply to new industries that are growing (whether stimulated by the investment or not) have a greater capacity to provide higher return to R&D than small and /or slow growing industries.  
· FRDC could consider developing cost of production models for aquaculture enterprises that include unit feed costs, feed conversion ratios and other production parameters in order to assess research priorities and individual research proposals, as well as assist in the communication of research results to the relevant industries. 


Conclusions

While most aquaculture operations still use imported fish meal in their feeding regimes, the projects in this cluster, together with those in the earlier subprogram, have made a significant contribution to a the increased use of domestically produced feed ingredients in some Australian aquaculture fish diets. While this may not have reduced costs of production to any extent, it has reduced the reliance on imported fish meal for a number of aquaculture industries. Supporting these studies at the time was a relatively high priority for FRDC as aquacultural production was increasing and imported fish meal was perceived as fluctuating in price and quality. 

However, a major boost to productivity in the farmed barramundi industry has occurred due to the investment from the adoption of high energy density diets developed in one of the projects. The principal benefit therefore valued in the investment analysis was the higher growth rates achieved from barramundi.

On the basis of the number of benefits listed in Table 8, and equal weighting for each benefit, it could be concluded that public benefits to Australia could make up 31% of the total benefits. If the subjective weightings provided in Table 8 are taken into account, then 22% of the total benefits could constitute public benefits to Australia.

The total investment in the four projects was $17.2 million (present value of costs). The investment criteria estimated for the cluster were positive with a net present value estimated at $22 million and a benefit-cost ratio of over 2 to 1 (expressed in 2008/09 $ terms and using a 5% discount rate over 30 years from final year of investment). It should be noted that this estimate is probably an underestimate since some benefits would have accrued to other aquaculture industries, particularly from the greater confidence in the use of domestically grown feeds which have delivered flexibility and where usage has increased.    
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