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Section 1: Introduction
Since January 2005 the University of Stirling has been involved in developing small scale, warm water production systems for growing tilapia as a diversification strategy for UK agricultural farmers.  Funded by the Research Councils UK Rural Economy and Land Use Programme (RELU) the aim of our project has been to develop an income earning diversification strategy, producing tilapia as a local food and, where possible, using available farm infrastructure and local on-farm feeds
.  To this end, the project has drawn on extensive research from individuals with expertise in aquaculture, marketing and public health.  
So what now?

After 3 years of research we are looking for potential collaborators in rural or peri-urban areas interested in trialling small-scale tilapia production. This document aims to provide basic information about tilapia, the production options we have developed and marketing potential. We hope this will help you to make a more informed decision regarding potential involvement. Please note that although we can not provide direct financial support, we can help with grant and funding applications. 
Note that there is a glossary at the end of the document to clarify any unfamiliar terms.  
1.1 Why Tilapia?
Worldwide, tilapias have come to be regarded as a highly suitable species for low cost aquaculture as they can be grown on a herbivorous diet. At the same time, their firm, flaky white flesh with its mild buttery taste makes them a potential substitute for wild whitefish species. Under optimum conditions in a well insulated building with temperatures maintained between 26-280C, these fast growing warm water fish can reach a market size of 500g in 6-8  months. This compares to 18 - 24 months for rainbow trout and salmon currently grown in the UK. In addition to fast growth, Tilapia is tolerant of adverse water quality conditions and is therefore more ‘forgiving’ of farmers lacking previous aquaculture experience.
Poultry production probably represents the most comparable land based livestock system both in terms of production intensities and environmental management requirements. Indoor tilapia production has two distinct advantages; higher feed conversion efficiencies of 1.2 – 1.5 (feed to weight gain ratio) and more efficient use of floor space. Once the basics have been commanded there is also potential to increase labour efficiencies through automated environmental control and feeding systems.
Tilapia production in temperate climates requires the use of indoor recirculating aquaculture system (RAS) which treat and recycle water, in this case to conserve heat. The fish are grown in round/ square tanks or rectangular raceways while water quality and fish welfare is maintained through removal of wastes by separate external filtration systems.
1.2 The system

Figure 1 shows a generalised schematic of the RAS treatment processes. Suspended and dissolved solids are sequentially removed and aeration is used to provide additional oxygen to the fish and potentially to move water around the system. Well-designed systems should require no more than 10% of their total volume to be replaced on a daily basis at maximum capacity. Compared to single-pass ‘flow-through’ systems, recirculation dramatically reduces water requirements
 and concentrated wastes can be easily managed or re-used with little environmental impact. The system is intensive; with aeration stocking densities of 50-60kg/m3 (50kg/m3 is the maximum capacity used in the design) can be achieved whilst maintaining high fish welfare standards. Higher stocking densities up to 120 kg/m3 can be achieved with the use of oxygen – though this is only likely to be cost effective at higher production scales.
The small-scale model presented here is based on a simple DIY approach. It relies as far as possible on materials which can be easily sourced from builders’ merchants and other non-specialist outlets. There is also great potential to modify this design based on the availability of existing on-farm resources. We see this as an ‘appropriate technology’ approach. Examples of some of these materials are shown in the appendix.
One of the first decisions, whether to use round culture tanks or raceways has significant consequences for design and operation. Raceways use floor space more effectively, and husbandry tasks such as crowding are simplified. However compared to round tanks they suffer from poorer self cleaning characteristics and marked water quality gradients at higher stocking densities. Round tanks are used in this model, though separate costings based on a modular raceway approach are available on request. The model below are based on multiples four tanks ranging from 16–31m3 representing total system capacities of 80-160m3 (Inc. treatment plant).  At least four tanks are required to operate the more intensive and cost-effective ‘continuous’ production model described in the next section - though a single tank might be used in an exploratory phase. The tanks are serviced by a common water treatment facility though the design also facilitates further modularisation; a dual drain system commences separation and concentration of solids in the tanks and this process is completed in an external settlement system. Water is then heated and pumped through a series of semi-submerged trickle-down bio-filters; removing dissolved waste, fine residual solids, stripping CO² and aerating the water. Additional aeration required at higher stocking densities is provided in the tanks. Basic back up and control systems include: automatic water temperature control, water level sensors, air line pressure sensors, pump/blower thermal cut-outs and emergency power generation for mains failure.
Although the combination of technology and species is robust and operation relatively straightforward; commercial aquaculture is still likely to be a challenge for any potential adopters until husbandry, management and marketing skills have been fine-tuned. Therefore, we recommend an exploratory and gradual approach to tilapia diversification which allows farmers to better evaluate and manage risk.  The short production cycle for tilapia allows a fast learning curve and once experienced, scaling-up can be relatively swift.
Figure 1: Generalised schematic for tilapia production system
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1.3 The costs

Cost-benefit and sensitivity scenarios are presented in Tables 1-3. Harvest price is the most critical sensitivity item, hence the analysis is run three times with farm-gate prices of £3.00, £3.70 and £4.50 for fresh whole fish. These encompass the range of prices that wholesale and niche market outlets might achieve. As we will see the results underscore the need for a diversified marketing mix to ensure sustainability.
Capital cost and production estimates are intentionally conservative so these can be viewed as ‘bottom-line’ scenarios. Obviously considerable savings can be made where existing on-farm resources can be integrated into the design e.g. emergency power generation (min. 20 kVA), waste heat, tanks or storage units etc. Energy costs are based on single phase electricity supply, again savings can be made on plant and consumption if 3-phase is available on site. The accounting terms used to assess profitability (NPV and IRR) also assume highly conservative flat line depreciation with zero salvage costs over seven years. It should also be born in mind that due to high site-specific variation – no allowance has been made for building/ insulation or operational labour costs. 

The cost breakdowns are based on multiples of four different sized circular tanks; 16, 18, 23 and 33m3. The smallest are individually capable of producing 1.6 - 2.8mt/yr in batch (all in, all out) and continuous production modes respectively, the largest from 3.1-5.4mt/yr with an average fish harvest weight of 400-500g. The analysis also shows that a continuous production model is much more profitable than a batch (all-in all-out) model. Continuous production relies on more frequent stocking of fingerlings (every 6-8 weeks) and harvesting to maintain the system closer to carrying capacity, it also requires more exacting husbandry skills, more intensive grading and detailed stock inventory. Whereas intensive poultry production is typically batch produced to prevent disease transmission, tilapias lend themselves to the continuous model because of their relative resistance to health problems. Individual modularisation of smaller fingerling nursing facilities may still be advisable in the longer term and a smaller exploratory unit may be adapted to this purpose. Average prices of £.3.30 are required to bring batch production in the smallest model to profit compared to £2.65 for continuous production.

The analysis also shows that profitability is closely associated with production scale. Greater scale-economies can be achieved by increasing the size of individual culture units and reducing the degree of modularization in larger units i.e. few larger pumps/ aerators, bio-filters and assoc. valves and pipe-work. At the lowest base price of £3 with continuous production, the largest unit producing 22mt/yr breaks even at 1.2yrs compared to 1.4 years for the smaller units
. This corresponds with rates of return (IRR
) from 11% to 15% over the 7year period. Scale increases significantly above this size are obviously subject to higher risk in the event of catastrophic failure and are likely to require more costly engineered solutions.

The rapid capital repayment schedule described above also indicates that profitability is disproportionately influenced by variable or operating costs of which the two most significant are energy and feed. Although instinctively one might expect the highest proportion of operating costs to be incurred by heating, this is not the case. Water treatment, pumping, aeration and fish metabolism processes all produce ‘waste’ heat which combined with efficient insulation results internal ‘waste’ heat recycling. In fact, often no additional heating is required during summer months. 
Feeds represent the major variable cost and as with terrestrial livestock systems, good husbandry is mainly associated with minimizing food conversion levels while optimising yields. Fish are more efficient converters than warm blooded animals; it typically takes around 1.5mt of commercial feed to produce 1mt of fish. In well run systems the proportion of variable costs incurred by feed will increase with production-scale; here, using the above example rising from 36% of the costs of the smallest unit, to 38% of the costs for the largest. For the same example energy costs move in the opposite direction, falling from 30% to 28%. Considerable scope therefore exists to reduce profitability through increased energy efficiency e.g. integration with combined electricity and heat biomass systems, or more favourable tariffs (here priced at a top-end of 10p/kwhr) e.g. 3 phase, or economy 7 for heating purposes (3p/kwhr). For intensive production the use of nutritionally complete pelleted feed is the norm (currently costing around £520mt).This both maximises growth and food conversion efficiency while minimising waste which would otherwise increase duty on the water treatment plant. There may be potential to formulate on-farm feeds to lower production costs – but this still requires further research.
1.4 Buying and selling tilapia
Of course as scale increases so does marketing effort; a requirement further underpinned by relatively high price sensitivity. Higher prices can be achieved by targeting niche markets for a locally produced, high quality fresh product with environmentally friendly credentials. In market terms it is a versatile species combining white-fish attributes with other unique selling points associated with its low trophic status. Information on these traits along with wholesale and retail price information can help you to think about an innovative marketing-mix suited to your own context. A diversified marketing strategy or marketing mix is also likely to sustain profitability in the longer term. Over recent years demand for tilapia along with its whitefish substitutes has been increasing faster than supply. Consequently, prices have remained relatively stable and the medium-term market prognosis is good.
Sustained production also requires an assured supply of quality juvenile fish. Most existing demand is met by fry imports (<0.5g) from various countries with tropical or sub-tropical climates. Local seed production is an unfeasible proposition for most and especially small-scale producers; however the Institute of Aquaculture can provide support and advice on procurement.

Finally, information on the legal requirements for setting an aquaculture enterprise is presented in section 4.
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Section 2: Cost-benefit sensitivity analysis for a small-scale modular tilapia recirculating aquaculture system (RAS)
	Table 1 – Farm gate price £3/kg
	Fry/ fingerlings
	£0.13
	Stock Insurance% 
	3

	Sensitivity Criteria:
	£/ mt feed
	£520
	P:B Ratio
	3.5

	    
	FCR
	1.4
	Harvest wt (kg)
	0.5

	1. Production Characteristics
	Survival
	0.9
	 £/ kg tilapia
	£3.00

	
	MaxH2O exchange/day %
	5
	Contingency %
	10

	Culture system: Round tanks
	Electricity £/kw/hr 
	£0.10
	Discount rate (%)
	7

	Growth rate: 6 months grow-out from 2g fingerling to harvestable size @ 400-500g (with water temperature maintained between 26-28oC)

	Specified food conversion ratio (FCR) obtained with 100% commercial floating extruded pellet - 30% crude protein) 
	

	Specified maximum system stocking density (S.D.) with aeration (>60kg may possible with experienced husbandry)
	

	
	A
	B
	C 
	D

	Grow-out unit volume (m3)
	16
	18
	23
	31

	Max stocking density kg/m3
	50
	50
	50
	50

	No culture units (min of 3 for continuous production)
	4
	4
	4
	4

	Total grow-out unit volume (m3)
	64
	72
	92
	124

	
	
	
	
	

	2. Revenue from batch and continuous production models
	
	
	
	

	
	
	
	
	

	Model 1: Batch Production: 2 harvests/ year
	
	
	
	

	Nos of tilapia fingerlings required per yr - assuming specified mortality
	14,080
	15,840
	20,240
	27,280

	Total harvest after 6 months (kg)
	3,200
	3,600
	4,600
	6,200

	Total harvest after 12 months (kg)
	6,400
	7,200
	9,200
	12,400

	
	
	
	
	

	Model 2 - continuous production with partial harvesting and continual restocking after 6 months - steady state S.D 30-40kg/m3

	
	
	
	
	

	Nos of tilapia fingerlings required per yr – assuming specified mortality
	24,640
	27,720
	35,420
	47,740

	Total harvest after 6 months (kg)
	2,560
	2,880
	3,680
	4,960

	Total harvest from 6-18 months (kg) - steady state operation 
	11,200
	12,600
	16,100
	21,700

	
	
	
	
	

	3. Variable production costs
	
	
	
	

	
	
	
	
	

	Variable costs for model 1 (batch)
	
	
	
	

	Feed  £ per annum (32%-40% protein and 2,500 - 3,200 kcal/kg)
	£4,659
	£5,242
	£6,698
	£9,027

	Fingerlings £ per annum
	£1,830
	£2,059
	£2,631
	£3,546

	Electricity - heating £ /yr
	£678
	£704
	£972
	£1,281

	Electricity - aeration £ /yr
	£2,027
	£1,892
	£3,244
	£4,055

	Electricity - pumps £ /yr
	£2,478
	£2,478
	£3,305
	£4,131

	Alkalinity/pH buffers
	£46
	£52
	£66
	£89

	Marketing (boxes/ ice etc) 
	£699
	£700
	£900
	£1,100

	Repairs and maintenance (est. at 5% of initial fixed cost)
	£384
	£432
	£552
	£744

	Catastrophic fish insurance
	£576
	£648
	£828
	£1,116

	
	
	
	
	

	Variable costs for model 2 (continuous)
	
	
	
	

	Feed  £ per annum (32%-40% protein and 2,500 - 3,200 kcal/kg)
	£8,154
	£9,173
	£11,721
	£15,798

	Fingerlings £ per annum
	£3,203
	£3,604
	£4,605
	£6,206

	Electricity - heating £ /yr
	£561
	£943
	£1,282
	£1,688

	Electricity - aeration £ /yr
	£2,271
	£2,271
	£3,406
	£4,541

	Electricity - pumps £ /yr
	£3,522
	£3,522
	£4,696
	£5,870

	Alkalinity/pH buffers
	£80
	£90
	£115
	£155

	Marketing (boxes/ ice etc) 
	£672
	£756
	£966
	£1,302

	Repairs and maintenance (est. at 8% of initial fixed cost)
	£1,308
	£1,447
	£1,868
	£2,275

	Catastrophic fish insurance
	£1,008
	£1,134
	£1,449
	£1,953

	
	
	
	
	

	Variable costs for models 1 and 2
	
	
	
	

	Electricity - lighting  £ per annum 
	£174
	£209
	£244
	£348

	Veterinary costs including chemicals
	£200
	£300
	£400
	£500

	Other costs - admin, licence fees,
	£200
	£300
	£400
	£400

	Labour - holiday cover 2 weeks 
	£756
	£756
	£756
	£756

	
	
	
	
	

	Initial fixed start-up costs
	
	
	
	

	Culture units
	£1,500
	£1,680
	£2,680
	£3,800

	Roto Drums (1.5m3 trickledown biofilters)
	£1,128
	£1,128
	£1,128
	£1,692

	Industrial bulk containers (IBCs)
	£789.60
	£888.30
	£1,135.05
	£1,529.85

	Filter Media
	£1,800
	£2,025
	£2,587
	£3,487

	External centrifugal pumps
	£1,096
	£1,096
	£1,369
	£1,643

	Blowers for aeration/ airlift operation 
	£2,253
	£2,253
	£3,379
	£4,506

	Immersion heaters
	£170
	£170
	£340
	£340

	Alarm and control systems
	£737
	£737
	£737
	£737

	Pipe-work inc. valves and assoc. fittings
	£600
	£1,200
	£1,500
	£1,800

	Emergency water storage tank
	£205
	£230
	£291
	£394

	Back up generator (used) and/ or oxygen bottles
	£3,895
	£3,895
	£4,095
	£4,095

	Water quality testing materials
	£100
	£115
	£125
	£130

	Other equipment - nets, scales, buckets etc
	£200
	£200
	£300
	£300

	Automatic feeders
	£1,128
	£1,128
	£1,692
	£1,692

	Specialist labour for start up construction inc. electrician
	£400
	£800
	£1,100
	£1,400

	Hapas for fingerling nursing
	£95
	£190
	£285
	£285

	Ice Machine
	£160
	£250
	£460
	£460

	Dividers for grading
	£100
	£100
	£150
	£150

	
	
	
	
	

	Total fixed costs (both models)
	£16,356
	£18,084
	£23,355
	£28,441

	Total variable costs model 1
	£14,708
	£15,772
	£20,995
	£27,093

	Total variable costs model 2
	£22,110
	£24,504
	£31,907
	£41,793

	Total expenses model 1 (+ contingency)
	£34,170
	£37,242
	£48,784
	£61,087

	Total expenses model 2 (+ contingency)
	£42,312
	£46,847
	£60,788
	£77,257

	Gross annual revenue model 1
	£19,200
	£21,600
	£27,600
	£37,200

	Gross annual revenue model 2
	£33,600
	£37,800
	£48,300
	£65,100

	
	
	
	
	

	4. Net margin: From above costing excluding initial start up costs
	
	
	

	Model 1: Net annual revenue (gross revenue - total variable costs)
	£4,492
	£5,828
	£6,605
	£10,107

	Time to pay off initial fixed investment (years)
	3.6
	3.1
	3.5
	2.8

	*NPV: Net Present Value (cash flow discounted at 7% over 7 years)
	-£9,961
	-£5,833
	-£13,187
	-£6,617

	IRR: Internal rate of return
	-8%
	-4%
	-8%
	-3%

	Model 2: Net annual revenue (gross revenue - total variable costs)
	£11,490
	£13,296
	£16,393
	£23,307

	Time to pay off initial fixed investment (years)
	1.4
	1.4
	1.4
	1.2

	*NPV: Net Present Value (cash flow discounted at specified rate over 7 years)
	£19,613
	£24,809
	£27,556
	£48,351

	**IRR: Internal rate of return
	11%
	13%
	11%
	15%

	*This is the profit over and above the approximate cost of borrowing money or opportunity cost of investing in a high interest savings
	

	account over the same period assuming 'straight line' depreciation with zero salvage over 7 years.
	
	
	

	** Annualised compound rate of return (rate at which NPV = 0 - actual rate)
	
	
	


	Table 2 – Farm gate price £3.70 kg
	Fry/ fingerlings
	£0.13
	Stock Insurance %
	3

	Sensitivity Criteria:
	£/ mt feed
	£520
	P:B Ratio
	3.5

	:      
	FCR
	1.4
	Harvest wt (kg)
	0.5

	1. Production Characteristics
	Survival
	0.9
	 £/ kg tilapia
	£3.70

	
	MaxH2O exchange/day %
	5
	Contingency %
	10

	Culture system: Round tanks
	 Electricity £/kw/hr 
	£0.10
	Discount rate (%)
	7

	Growth rate: 6 months grow-out from 2g fingerling to harvestable size @ 400-500g (with water temperature maintained between 26-28oC)

	SpecifiedFood conversion ratio (FCR) obtained with 100% commercial floating extruded pellet - 30% crude protein) 
	

	Specified maximum system stocking density (S.D.) with aeration (>60kg may possible with experienced husbandry)
	

	
	A
	B
	C 
	D

	Grow-out unit volume (m3)
	16
	18
	23
	31

	Max stocking density kg/m3
	50
	50
	50
	50

	No culture units (min of 3 for continuous production)
	4
	4
	4
	4

	Total grow-out unit volume (m3)
	64
	72
	92
	124

	
	
	
	
	

	2. Revenue from batch and continuous production models
	
	
	
	

	
	
	
	
	

	Model 1: Batch Production: 2 harvests/ year
	
	
	
	

	Nos of tilapia fingerlings required per yr - assuming specified mortality
	14,080
	15,840
	20,240
	27,280

	Total harvest after 6 months (kg)
	3,200
	3,600
	4,600
	6,200

	Total harvest after 12 months (kg)
	6,400
	7,200
	9,200
	12,400

	
	
	
	
	

	Model 2 - continuous production with partial harvesting and continual restocking after 6 months - steady state S.D 30-40kg/m3

	
	
	
	
	

	Nos of tilapia fingerlings required per yr - assuming specified mortality
	24,640
	27,720
	35,420
	47,740

	Total harvest after 6 months (kg)
	2,560
	2,880
	3,680
	4,960

	Total harvest from 6-18 months (kg) - steady state operation 
	11,200
	12,600
	16,100
	21,700

	
	
	
	
	

	3. Variable production costs
	
	
	
	

	
	
	
	
	

	Variable costs for model 1 (batch)
	
	
	
	

	Feed  £ per annum (32%-40% protein and 2,500 - 3,200 kcal/kg)
	£4,659
	£5,242
	£6,698
	£9,027

	Fingerlings £ per annum
	£1,830
	£2,059
	£2,631
	£3,546

	Electricity - heating £ /yr
	£678
	£704
	£972
	£1,281

	Electricity - aeration £ /yr
	£2,027
	£1,892
	£3,244
	£4,055

	Electricity - pumps £ /yr
	£2,478
	£2,478
	£3,305
	£4,131

	Alkalinity/pH buffers
	£46
	£52
	£66
	£89

	Marketing (boxes/ ice etc) 
	£699
	£700
	£900
	£1,100

	Repairs and maintenance (est. at 5% of initial fixed cost)
	£384
	£432
	£552
	£744

	Catastrophic fish insurance
	£710
	£799
	£1,021
	£1,376

	
	
	
	
	

	Variable costs for model 2 (continuous)
	
	
	
	

	Feed  £ per annum (32%-40% protein and 2,500 - 3,200 kcal/kg)
	£8,154
	£9,173
	£11,721
	£15,798

	Fingerlings £ per annum
	£3,203
	£3,604
	£4,605
	£6,206

	Electricity - heating £ /yr
	£561
	£943
	£1,282
	£1,688

	Electricity - aeration £ /yr
	£2,271
	£2,271
	£3,406
	£4,541

	Electricity - pumps £ /yr
	£3,522
	£3,522
	£4,696
	£5,870

	Alkalinity/pH buffers
	£80
	£90
	£115
	£155

	Marketing (boxes/ ice etc) 
	£672
	£756
	£966
	£1,302

	Repairs and maintenance (est. at 8% of initial fixed cost)
	£1,308
	£1,447
	£1,868
	£2,275

	Catastrophic fish insurance
	£1,243
	£1,399
	£1,787
	£2,409

	
	
	
	
	

	Variable costs for models 1 and 2
	
	
	
	

	Electricity - lighting  £ per annum 
	£174
	£209
	£244
	£348

	Veterinary costs including chemicals
	£200
	£300
	£400
	£500

	Other costs - admin, licence fees,
	£200
	£300
	£400
	£400

	Labour - holiday cover 2 weeks 
	£756
	£756
	£756
	£756

	
	
	
	
	

	Initial fixed start-up costs
	
	
	
	

	Culture units
	£1,500
	£1,680
	£2,680
	£3,800

	Roto Drums (1.5m3 trickledown biofilters)
	£1,128
	£1,128
	£1,128
	£1,692

	Industrial bulk containers (IBCs)
	£789.60
	£888.30
	£1,135.05
	£1,529.85

	Filter Media
	£1,800
	£2,025
	£2,587
	£3,487

	External centrifugal pumps
	£1,096
	£1,096
	£1,369
	£1,643

	Blowers for aeration/ airlift operation 
	£2,253
	£2,253
	£3,379
	£4,506

	Immersion heaters
	£170
	£170
	£340
	£340

	Alarm and control systems
	£737
	£737
	£737
	£737

	Pipe-work inc. valves and assoc. fittings
	£600
	£1,200
	£1,500
	£1,800

	Emergency water storage tank - lined 1cm weld mesh cylinder @ £200
	£205
	£230
	£291
	£394

	Back up generator (used) and/ or oxygen bottles
	£3,895
	£3,895
	£4,095
	£4,095

	Water quality testing materials
	£100
	£115
	£125
	£130

	Other equipment - nets, scales, buckets etc
	£200
	£200
	£300
	£300

	Automatic feeders
	£1,128
	£1,128
	£1,692
	£1,692

	Specialist labour for start up construction inc. electrician
	£400
	£800
	£1,100
	£1,400

	Hapas for fingerling nursing
	£95
	£190
	£285
	£285

	Ice Machine
	£160
	£250
	£460
	£460

	Dividers for grading
	£100
	£100
	£150
	£150

	
	
	
	
	

	Total fixed costs (both models)
	£16,356
	£18,084
	£23,355
	£28,441

	
	
	
	
	

	Total variable costs model 1
	£14,842
	£15,923
	£21,188
	£27,353

	Total variable costs model 2
	£22,345
	£24,769
	£32,246
	£42,249

	
	
	
	
	

	Total expenses model 1 (+ contingency)
	£34,318
	£37,408
	£48,997
	£61,374

	Total expenses model 2 (+ contingency)
	£42,571
	£47,138
	£61,160
	£77,759

	
	
	
	
	

	Gross annual revenue model 1
	£23,680
	£26,640
	£34,040
	£45,880

	Gross annual revenue model 2
	£41,440
	£46,620
	£59,570
	£80,290

	
	
	
	
	

	4. Net margin: From above costing excluding initial start up costs
	
	
	

	
	
	
	
	

	Model 1: Net annual revenue (gross revenue - total variable costs)
	£8,838
	£10,717
	£12,852
	£18,527

	Time to pay off initial fixed investment (years)
	1.9
	1.7
	1.8
	1.5

	*NPV: Net Present Value (cash flow discounted at 7% over 7 years)
	£13,310
	£20,348
	£20,267
	£38,472

	IRR: Internal rate of return
	10%
	13%
	10%
	15%

	
	
	
	
	

	Model 2: Net annual revenue (gross revenue - total variable costs)
	£19,095
	£21,851
	£27,324
	£38,041

	Time to pay off initial fixed investment (years)
	0.9
	0.8
	0.9
	0.7

	*NPV: Net Present Value (cash flow discounted at specified rate over 7 years)
	£60,339
	£70,626
	£86,099
	£127,257

	**IRR: Internal rate of return
	32%
	33%
	31%
	36%

	*This is the profit over and above the approximate cost of borrowing money or opportunity cost of investing in a high interest savings
	

	account over the same period assuming 'straight line' depreciation with zero salvage over 7 years.
	
	
	

	** Annualised compound rate of return (rate at which NPV = 0 - actual rate)
	
	
	
	


	Table 3 – Farm gate price £4.50 kg
	Fry/ fingerlings
	£0.13
	Stock Insurance %
	3

	
	£/ mt feed
	£520
	P:B Ratio
	3.5

	Sensitivity Criteria:    
	FCR
	1.4
	Harvest wt (kg)
	0.5

	1. Production Characteristics
	Survival
	0.9
	 £/ kg tilapia
	£4.50

	
	MaxH2O exchange/day %
	5
	Contingency %
	10

	Culture system: Round tanks
	 Electricity £/kw/hr 
	£0.10
	Discount rate (%)
	7

	Growth rate: 6 months grow-out from 2g fingerling to harvestable size @ 400-500g (with water temperature maintained between 26-28oC)

	SpecifiedFood conversion ratio (FCR) obtained with 100% commercial floating extruded pellet - 30% crude protein) 
	

	Specified maximum system stocking density (S.D.) with aeration (>60kg may possible with experienced husbandry)
	

	
	A
	B
	C 
	D

	Grow-out unit volume (m3)
	16
	18
	23
	31

	Max stocking density kg/m3
	50
	50
	50
	50

	No culture units (min of 3 for continuous production)
	4
	4
	4
	4

	Total grow-out unit volume (m3)
	64
	72
	92
	124

	
	
	
	
	

	2. Revenue from batch and continuous production models
	
	
	

	
	
	
	
	

	Model 1: Batch Production: 2 harvests/ year
	
	
	
	

	Nos of tilapia fingerlings required per yr - assuming specified mortality
	14,080
	15,840
	20,240
	27,280

	Total harvest after 6 months (kg)
	3,200
	3,600
	4,600
	6,200

	Total harvest after 12 months (kg)
	6,400
	7,200
	9,200
	12,400

	
	
	
	
	

	Model 2 - continuous production with partial harvesting and continual restocking after 6 months - steady state S.D 30-40kg/m3

	
	
	
	
	

	Nos of tilapia fingerlings required per yr - assuming specified mortality
	24,640
	27,720
	35,420
	47,740

	Total harvest after 6 months (kg)
	2,560
	2,880
	3,680
	4,960

	Total harvest from 6-18 months (kg) - steady state operation 
	11,200
	12,600
	16,100
	21,700

	
	
	
	
	

	3. Variable production costs
	
	
	
	

	
	
	
	
	

	Variable costs for model 1 (batch)
	
	
	
	

	Feed  £ per annum (32%-40% protein and 2,500 - 3,200 kcal/kg)
	£4,659
	£5,242
	£6,698
	£9,027

	Fingerlings £ per annum
	£1,830
	£2,059
	£2,631
	£3,546

	Electricity - heating £ /yr
	£678
	£704
	£972
	£1,281

	Electricity - aeration £ /yr
	£2,027
	£1,892
	£3,244
	£4,055

	Electricity - pumps £ /yr
	£2,478
	£2,478
	£3,305
	£4,131

	Alkalinity/pH buffers
	£46
	£52
	£66
	£89

	Marketing (boxes/ ice etc) 
	£699
	£700
	£900
	£1,100

	Repairs and maintenance (est. at 5% of initial fixed cost)
	£384
	£432
	£552
	£744

	Catastrophic fish insurance
	£864
	£972
	£1,242
	£1,674

	
	
	
	
	

	Variable costs for model 2 (continuous)
	
	
	
	

	Feed  £ per annum (32%-40% protein and 2,500 - 3,200 kcal/kg)
	£8,154
	£9,173
	£11,721
	£15,798

	Fingerlings £ per annum
	£3,203
	£3,604
	£4,605
	£6,206

	Electricity - heating £ /yr
	£561
	£943
	£1,282
	£1,688

	Electricity - aeration £ /yr
	£2,271
	£2,271
	£3,406
	£4,541

	Electricity - pumps £ /yr
	£3,522
	£3,522
	£4,696
	£5,870

	Alkalinity/pH buffers
	£80
	£90
	£115
	£155

	Marketing (boxes/ ice etc) 
	£672
	£756
	£966
	£1,302

	Repairs and maintenance (est. at 8% of initial fixed cost)
	£1,308
	£1,447
	£1,868
	£2,275

	Catastrophic fish insurance
	£1,512
	£1,701
	£2,174
	£2,930

	
	
	
	
	

	Variable costs for models 1 and 2
	
	
	
	

	Electricity - lighting  £ per annum 
	£174
	£209
	£244
	£348

	Veterinary costs including chemicals
	£200
	£300
	£400
	£500

	Other costs - admin, licence fees,
	£200
	£300
	£400
	£400

	Labour - holiday cover 2 weeks 
	£756
	£756
	£756
	£756

	
	
	
	
	

	Initial fixed start-up costs
	
	
	
	

	Culture units
	£1,500
	£1,680
	£2,680
	£3,800

	Roto Drums (1.5m3 trickledown biofilters)
	£1,128
	£1,128
	£1,128
	£1,692

	Industrial bulk containers (IBCs)
	£789.60
	£888.30
	£1,135.05
	£1,529.85

	Filter Media
	£1,800
	£2,025
	£2,587
	£3,487

	External centrifugal pumps
	£1,096
	£1,096
	£1,369
	£1,643

	Blowers for aeration/ airlift operation 
	£2,253
	£2,253
	£3,379
	£4,506

	Immersion heaters
	£170
	£170
	£340
	£340

	Alarm and control systems
	£737
	£737
	£737
	£737

	Pipework inc. valves and assoc. fittings
	£600
	£1,200
	£1,500
	£1,800

	Emergency water storage tank - lined 1cm weld mesh cylinder @ £200
	£205
	£230
	£291
	£394

	Back up generator (used) and/ or oxygen bottles
	£3,895
	£3,895
	£4,095
	£4,095

	Water quality testing materials
	£100
	£115
	£125
	£130

	Other equipment - nets, scales, buckets etc
	£200
	£200
	£300
	£300

	Automatic feeders
	£1,128
	£1,128
	£1,692
	£1,692

	Specialist labour for start up construction inc. electrician
	£400
	£800
	£1,100
	£1,400

	Hapas for fingerling nursing
	£95
	£190
	£285
	£285

	Ice Machine
	£160
	£250
	£460
	£460

	Dividers for grading
	£100
	£100
	£150
	£150

	
	
	
	
	

	Total fixed costs (both models)
	£16,356
	£18,084
	£23,355
	£28,441

	
	
	
	
	

	Total variable costs model 1
	£14,996
	£16,096
	£21,409
	£27,651

	Total variable costs model 2
	£22,614
	£25,071
	£32,632
	£42,769

	
	
	
	
	

	Total expenses model 1 (+ contingency)
	£34,487
	£37,598
	£49,240
	£61,701

	Total expenses model 2 (+ contingency)
	£42,866
	£47,471
	£61,585
	£78,332

	
	
	
	
	

	Gross annual revenue model 1
	£28,800
	£32,400
	£41,400
	£55,800

	Gross annual revenue model 2
	£50,400
	£56,700
	£72,450
	£97,650

	
	
	
	
	

	4. Net margin: From above costing excluding initial start up costs
	
	
	

	
	
	
	
	

	Model 1: Net annual revenue (gross revenue - total variable costs)
	£13,804
	£16,304
	£19,991
	£28,149

	Time to pay off initial fixed investment (years)
	1.2
	1.1
	1.2
	1.0

	*NPV: Net Present Value (cash flow discounted at 7% over 7 years)
	£39,907
	£50,269
	£58,499
	£90,003

	IRR: Internal rate of return
	26%
	30%
	27%
	32%

	
	
	
	
	

	Model 2: Net annual revenue (gross revenue - total variable costs)
	£27,786
	£31,629
	£39,818
	£54,881

	Time to pay off initial fixed investment (years)
	0.6
	0.6
	0.6
	0.5

	*NPV: Net Present Value (cash flow discounted at specified rate over 7 years)
	£106,883
	£122,988
	£153,006
	£217,436

	**IRR: Internal rate of return
	52%
	54%
	52%
	57%

	*This is the profit over and above the approximate cost of borrowing money or opportunity cost of investing in a high interest savings

	account over the same period assuming 'straight line' depreciation with zero salvage over 7 years.
	
	

	** Annualised compound rate of return (rate at which NPV = 0 - actual rate)
	
	
	


3. Tilapia Prices and Marketing 

The marketing findings from our project research supported the initial premise of there being a number of niche markets for tilapia produced from local, small-scale environmentally-friendly units.  Three target groups in the UK are identified: ethnic consumers culturally familiar with the product, green consumers and the gastro-pub set, which is a growing component of the wider foodservice market.  
Consumer research confirmed the general lack of knowledge about tilapia; however, awareness is increasing and is likely to expand as tilapias’ market presence improves. Our research indicated that despite the prevalence of cheap frozen fish imports there is demand for fresh and even live tilapia amongst some ethnic groups.  Attitudes towards tilapia do differ amongst the various ethnic groups, and therefore the willingness to pay for a fresh product will also vary; for example, potential is seen amongst Chinese consumers who are interested in buying live tilapia, Filipino and many African Asian consumers prefer a regular supply of fresh, high quality whole tilapia.
Our research also suggests that green consumers may be the most influenced by the tag ‘locally produced’.  The growth of farmers’ markets might provide some scope to reach such consumers, but the time required for customer communication and product support may constrain small producers.  Another route is within the foodservice sector.  The emergent trend of gastro pubs and selected high-end restaurants, including ethnic specialties too, all emphasising local supplies and potentially green credentials would therefore seem to be a more viable target.  

Therefore, market opportunities for fresh, local tilapia exist in specialty and high-end restaurants, gastro pubs, and hotels.  Local and up-market fishmongers also hold potential as well as online quality fishmongers.  Farmers markets, farm shops and city markets may be a means of reaching green minded consumers while Chinese supermarkets or fishmongers hold potential for selling live and fresh whole tilapia. Other niche tilapia markets include specialist frozen and local fish markets within cities, some of which also sell fresh (and thawed) fish.  
Processing tilapia (even gutting) as opposed to selling a whole ‘round’ product may add value to the farm-gate price, however, this would entail adherence to health/safety and other legal compliance issues beyond the scope of this introduction.  There may also be a price premium for larger fish (>0.5-1kg) and sometimes the red variety of tilapia over the black.
The price you can expect (farm-gate price) for tilapia can vary significantly depending on who is buying, the quality and other product characteristics (see Table 4). Selling tilapia to supermarkets, or to companies at Billingsgate will secure a minimal price in the range of £2.70 - £3/kg, however, selling fresh directly to restaurants, quality fishmongers, farm shops or specialist supply companies can achieve a price of £4-5/kg (for whole, fresh tilapia), which could have a substantial effect on economic performance, potentially tipping the balance between loss and profit.  Selling live tilapia to specialist ethnic markets will also raise the farm gate price and our research uncovered one case in which a premium of £6/kg was achieved for live tilapia. 

Table 4: 2006/7 UK average tilapia prices (£/kg) by market type and product form
	Product form/ Market type 
	Live tilapia

(red)
	Fresh whole tilapia

(red)
	Fresh whole tilapia

(black)
	Frozen whole tilapia

(black)
	Frozen fillet tilapia
	Fresh fillet tilapia

	Farm-Gate

Source: commercial partner & UK producers
	4.00 – 5.00
	2.70 - 4.50
	2.50 - 4.00
	NA
	4.00

Maximum
	NA

	Wholesale

Billingsgate Fish Market

	NA
	3.00 - 5.50
	3.00 – 4.00

(Belgium)
	1.20 -1.75 dependent on size of fish
	3.30

frozen Nile fillet

1.60

frozen steak
	NA

	UK Retail Supermarket

(Tesco, Asda, Morrisons)

Harrods
	NA
	8.50 – 9.50

7.50 (Belgium)
	NA
	NA
	NA
	10.50 – 16.50

	Retail Markets

Frozen Fishmonger/ Local markets
	NA
	NA
	5.50
	2.20 - 4.00
	3.50 – 4.50
	NA

	Retail

Online Specialist

Fish Society
	NA
	NA
	NA
	NA
	16.00
	NA


Source: RELU Project 2005 – 2007
4. Legal requirements

Starting up any new venture can seem daunting, especially in terms of the legalities and paperwork. Below are simple, clear guidelines including contact persons, addresses and web pages to help you quickly complete all the necessary legal requirements for growing tilapia in Scotland. Although agencies will differ in other parts of the UK, the basic requirements are similar.

I. Fish Farm Registration

Firstly you must register as “a fish farm” with the Fisheries Research Services (FRS), Marine Laboratory in Aberdeen. (http://www.marlab.ac.uk/ ) Two forms have to be completed – a) Application to Register an Aquaculture Business and b) Application to Register an Aquaculture Site or Unit. These can be downloaded from the FRS website at http://www.marlab.ac.uk/Delivery/standalone.aspx?contentid=779 or you can obtain them by post by ringing 01224 295639 and speaking to Ron Smith at FRS. He is the contact for any queries or further information you may need.

II. Abstraction and Discharge of Water

If you are using tap water to fill up or top up your recirculation system then you do not require an abstraction licence. However, please be aware of cost per unit if you are on a metered supply.  If you are abstracting water from any other source eg stream, lake, groundwater etc then you will need to contact the Scottish Environmental Protection Agency (SEPA) http://www.sepa.org.uk/  – contact Douglas Sinclair on 01856 871080 or Andy Rosie at 01786 457700. 

In terms of discharge of water/wastes from a recirculation system this occurs when you are cleaning your filtration tank (1-2 times a week). The more solid wastes from the filter can either be pumped into farm slurry tanks to be spread as fertiliser on your fields (away from local water courses) or pumped into a nearby septic tank or soak away. In this case you would not need a discharge licence. However if you are discharging water into a local drain please get advice from the contacts above. In many cases where the discharge volume of water is small over an annual period you do not need a licence and are only required to register with SEPA. A useful practical guide to the often complicated regulations can be found at: http://www.sepa.org.uk/pdf/wfd/regimes/car_practical_guide.pdf. Other useful links on the site are:

http://www.sepa.org.uk/wfd/regimes/application.htm 

III. Farming non Native species
A licence is required under the Import of Live Fish (Scotland) Act 1978 from the Scottish Executive Environment and Rural Affairs Department (SEERAD) http://www.scotland.gov.uk/About/Departments/ERAD , contact Ian Robertson on 08457 741741 or 0131 244 6311 for posted copies. This is for when buy and first stock your tilapia fingerlings into your system.

IV. Permission from your Local Authority  

This is normally required for conventional trout and salmon farms when starting up however in terms of indoor recirculation systems it is unlikely - but will very much depend on each individual Local Authority. To avoid any future problems it is best to check up with your local town planning office. 

V. Food hygiene and animal health

In terms of selling and transporting your fish as a food product you will also need to comply with  legal requirements set by the Food Standards Agency. http://www.food.gov.uk/.  Initially for advice you should contact Elaine McLaughlin or Sandy MacDougal in the Fish/Shellfish Hygiene Dept  

Tel 020 7276 8991. Web link - http://www.food.gov.uk/scotland/aboutus_scotland/contactus/. 

They will also advise you to contact your Local Authority Environmental Health Department who will then  be responsible for regulation at a local level.  
Please note that depending on what markets you intend to sell to, any form of onsite processing will involve further costs and legislation to comply with and thus should be taken into account when completing your costing. 
5. Glossary of Terms 

Fingerlings: Juvenile fish approx 0.5 -10g
Fingerling nursing: ‘Nursing’ of fry to fingerlings for supply to on-growers is often undertaken as a specialist activity in mature supply chains. Small gains in starting fingerling weights can result in significant reductions in grow-out times due to the compound nature of growth.
Flow through systems: Systems in which water flows through the culture unit and is discharged usually to a water-course with no internal reuse of the water.

Fry: juvenile fish typically less than 0.5g

Grading: The sorting of fish into discrete size categories to reduce competitive feeding advantage and aggression in order to maximize growth survival and feeding efficiency. Can be accomplished manually or by using simple grading screens or with automatic grading machines in larger operations.
Raceway systems: Rectangular tanks – usually with inflows and drains at opposing ends. Raceways are highly efficient in terms of space usage and some management benefits: especially the ability to section them off using screens i.e. for grading different sized fish classes. Shortcomings compared to tanks (below) include poorer self-cleaning capacity and potential for development of water quality gradients along their length.
Recirculation aquaculture systems (RAS): Culture systems which require less than 10% of their total volume supplied as ‘make-up’ water on a daily basis. Well run/ designed systems should operate at around 5% make-up at maximum stocking density. The main requirement for water replacement arises as a result of losses during solids removal. 
Seed: General name for early life-stages including eggs and fry

Serial flow systems: Partial re-use systems where water from one tank then becomes the supply for successive tanks before being discharged after one pass. 

Tanks: Round (or square units with rounded edges) with side inflows and central drainage systems. Water flows centrifugally to the centre of the tank ensuring good cleaning characteristics. There is also some evidence that exercising fish in higher water velocities can improve growth and food conversion for some species.
Trophic status: refers to a species position within the food chain.  A high trophic species will be carnivorous, where as a low trophic species such as tilapia will be either omnivorous or herbivorous. 
6. ‘Off-the-shelf’ materials inventory – some examples

Circular culture tanks

Rain water storage / Irrigation supplies


Rainwater storage systems: Corrugated frame with 0.75mm EPDM liners with 12yr lifespan.

http://www.access-irrigation.co.uk/19__Rainwater%20Storage.html 

Surface metal frame swimming pools & liners


Ultra Frame Pool 16' x 48" Metal Frame Pools offer semi-rigid above ground pool - reinforced PVC and supported by rust resistant galvanised steel frames. 
With pool filter pump, ladder, ground cloth, cover, maintenance kit. Assembled in less than an hour. Should be positioned on perfectly level ground or the pool will not fill correctly; the sides will bow out and the water level will be lopsided. Size 16' x 48" Metric: 4.9m x 1.2m = Approx. 18.5m3 at 1m operational depth (and optimum height/ diameter ratio). Price: £420.00 inc VAT 
Tel 020 8363 7249 http://www.intexspares.co.uk/proddetail.asp?prod=54452   

Water treatment containment units


1520 L Recycled Rotos (tanks) Black ABS plastic. Previously used for juice storage, strong black plastic 1520 litre tank, approximately 6 ft high, 3.7ft diameter.

Price: £141.00 inc. VAT http://dvfuels.co.uk/product.asp?pid=19  

1,000 L Recycled Intermediate Bulk Container (IBC) Polypropylene: previously used for food. Fitted tap. 150mm screw lid, sometimes 225mm. 50mm outlet, sometimes 80mm, depending on stock. 1150mm High  x  1000mm  x 1200mm – Can be stacked
Code: IBC1000A Price: £49.35 inc. VAT


Filtration media

Static Media: Plastic random pack for biofiltration columns can be used in flooded filters and trickling down flow biofilters. Surface area is 200 square meters per cubic media, voidage is 92% and weight is 45kg per cubic metre. supplied in 1 cubm quantities.  
Ref: 3.20.2: Price: £224.98 /m3 http://www.drydenaqua.com/acatalog/dry1_static_media_677.html
Water pumps

1 phase pool pump 1.5kw

3 phase pool pump 1.5kw

ITT Marlow pump. Delivers 25 m3/hr of water against a 10m head, shut off head is 20m and self priming head is 4.2m. This is a very reliable high performance unit suitable for continuous operation in freshwater, marine systems and even some corrosive chemical applications. Materials in contact with the water are 316 stainless steel and composite plastic.

http://www.h2ofun.co.uk/swimming-pool-filters-pumps.htm Price £294 Inc VAT
http://www.aspectsuk.co.uk/index1.html   Price £250 (as above – shop around!)
Aeration
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	Regenerative Blowers: For high-volume vacuum or compressed air applications. 3 phase or single phase models. 

http://www.gastmfg.com/productinfo.html

	Max m3/min
	kw
	Max P m H20
	HP
	Max P "H20
	Max CFM
	£/unit

	5.08
	1.87
	1.02
	R61252
	2.5
	40
	180
	1126.47


Pipe-work

PVC.11I.0630PVC Single Union Ball Valve Economy EPDM Plain Metric 63mm £17.76
http://www.pipestock.com/PVCu_Valves_Strainers_494/PVCu_Ball_Valves_Economy_Range_532/PVCu_Single_Union_Ball_Valve_EPDM_Seals_Plain_Metric_103/

PVC.CL10.0630PVC Pressure Pipe 10 BAR 6m Length Metric 63mm £18.02

http://www.pipestock.com/PVCu_Pipe_23/PVC_Pipe_10_BAR_6m_Lengths_Metric_232/






























Aeration





Bacterial bio-filter for dissolved (& fine solid) waste removal wastes: ammonia, nitrite and CO2





Alarm Systems





Waste management





Culture units (round tanks or raceways)





Suspended solids removal (clarification)


Using tank dual drain system and settlement troughs





Water Recirculation (pump and/ or air lift)





Heating


(immersion and air) ventilation
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Height: 2300 mm�Diameter: 2120 mm �Capacity: 5000 litres�Weight: 282 kg � HYPERLINK "http://www.telfordtanks.co.uk/plastic.asp" ��http://www.telfordtanks.co.uk/plastic.asp�


 

















� The economic analysis presented here is based on nutritionally complete commercial pellets which can achieve high feed conversion ratios while minimising waste. The economic viability of diet formulations using on-farm or local plants sources requires further research.


� Water replacement rate is broadly proportional to stocking density. At maximum loadings this should not exceed more than 5-10% of total system volume per day i.e. less than 16m3 for the largest production model (volume 160m3).


� The largest 4-tank continuous production system can return a discounted profit or net present value (NPV) of £48,351 over 7 years�; assuming an average selling price of £3.00/kg, with revenue discounted at 7% to account for the opportunity cost of high interest saving returns or borrowing costs. This increases to £217,436 at the top price of £4.50 (Table 3).


� Internal rate of return: the discounted compound rate of return for the 7 year period over and above the (discount) rate of high interest savings or borrowing costs.
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