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Introduction

This paper provides an introduction to some basic tools and analytical methods one may find
useful in evaluating the potential economic viability of a current or planned recirculating
aquaculture enterprise.  These basic tools and analytical methods are useful in calculating the
profitability of existing aquaculture enterprises and in estimating the potential profitability of
planned aquaculture enterprises.

The information used here to illustrate these tools is based on preliminary data from a prototype
recirculating system in operation at Illinois State University.  The following brief technical
description introduces the reader to the basic construction and operation of that prototype system.

Tilapia Prototype Production System

A 40' X 80' pole-frame building houses this system.  The exterior covering was 29 gauge steel,
with insulated walls and interior sheathing consisting of water-resistant plastic covered plywood.
The facility was provided with a 208 volt, 3 phase, 60 KVA for emergency power.  A 12" drain
pipe was installed under the floor with 6 outlets, each 8" in diameter to act as tank drains.
Figures 1 and 2 illustrate the major components and layout of the prototype system.

Figure 1.  Schematic of Prototype Recirculating Aquaculture System
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The tank is made of “Permaglas” - a trademark product of AO Smith Harvestore Products Inc.
Tank sections arrive as sheets of carbon steel 1/8" thick, 9' long, 57" tall, coated with blue
porcelain.  The sheets were arranged into a rectangular tank with outside dimensions of 27' X
54'.  The tank was bolted to the concrete floor of the building.  Galvanized angle iron and trusses
were used to strengthen the tank.

This large tank was further divided with the Permaglas sheets into 6 raceways, each 9' wide, 27'
long and 57" deep.  Each raceway was designed to hold approximately 48" of water and was
divided into 4 sections with 3 solid plastic dividers.  The dividers were suspended 1/2 inch off
the bottom of the tanks to aid in sweeping feces from the bottom of the tank.  The tank then had
24 cells which will each contain tilapia in a uniform and unique age group at least one week
different from the other cells in the tank.

The particle filter was a model 46/48 drum microscreen filter manufactured by Aquacare
Environment Inc.  The filtering mesh consists of a 200 micron plastic screen.  Well water was
used for backwash.  Four to six gallons per minute were required for backwash.  Backwash water
could be either fresh water or tank water.

The biofilter was housed in a used stainless steel tank 20' long, 8' wide and 6' deep.  The biofilter
media consisted of plastic rings with a surface area of 60 ft2/ft3.  The rings were packed into
plastic mesh bags for ease of handling.  Each bag held 3 cubic feet of media.  The bags of media
were held off the floor of the tank with plastic pallets.  A 4.8 HP blower (3 phase, 230/460 volts)
aerated the biofilter media through a series of PVC pipes installed under the media.

Six oxygen cones were manufactured on-site and installed along one side of the tank.  One cone
feeds oxygen to one raceway.  The cones were made from PVC pipe and designed according to
standard oxygen cone practices.

Water flows by gravity from the culture tanks to the particle filter.  A series of standpipes insures
proper water level in the tanks and prevents tank draining.  The only pumping which occurs in
the system is immediately after the particle filter.  Here, a series of 4 pumps (3 phase, 3 HP, 208-
230/460 volts) move approximately 1000 gallons per minute through the particle filter.

The water flow is split immediately after the particle filter.  Approximately 500 GPM is pumped,
by 2 3-hp pumps, into the biological filter where it is treated and then flows by gravity through a
manifold pipe and into the 6 raceways.  The other 500 GPM is pumped, by a 10-hp pump, to the
oxygen cones where it is oxygenated to supersaturation levels.  The water volume of the culture
tank is pumped through the particle filter once every 40 - 60 minutes.

The production tank is divided into 24 cells as outlined below.  At the beginning of a production
cycle, assuming the system is mature and full of fish, approximately 720 fish, each weighing
approximately 1.5 pounds, are harvested from one cell of the system.  A 1200 gallon PVC lined
round tank is used to purge fish for 2 to 3 days before shipping.  The purge water in cleaned with
a sand filter.  The system is heated with two hanging infrared gas heaters.
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Figure 2. Raceways, Cells and Fish Movement in Prototype Recirculating System

For this example, assume the fish are harvested from cell 19 (See Figure 2).  Those harvested
fish are moved to the purge tank where they will be held in clean, cool water without food for 2
to 3 days in preparation for shipping.  The fish in cell 13 are herded into cell 19, the fish in cell 7
are herded into 13 and the fish in cell 1 are herded into cell 7. Approximately eight hundred 15-
20 grams fingerlings (95% male Tilapia nilotica) are moved from the nursery into cell 1.

On the following week the fish in cell 20 are moved into the purge tank and the same fish
herding occurs in that raceway.  Six weeks after tank 19 was harvested, it will be harvested
again.  This cycle is repeated indefinitely with approximately 720 fish harvested every week
throughout the year.

This production cycle assumes 24 weeks are required to raise a tilapia from 15-20 grams to
approximately 640 grams.  Trial runs with 1000 fingerlings at Illinois State University have
shown tilapia will grow from 15 grams to 550 grams in 20 weeks if water quality can be
maintained.

Evaluating the Economic Potential

The analytical tools and methods discussed below may be done with pencil and paper or within
most computer spreadsheet programs.  Modeling an aquaculture production system in the
manner discussed below is most useful when one explicitly records all the assumptions
concerning prices, costs and input-output relationships.  This, in turn, provides the user with a
means to examine the potential profitability of the system under many alternative scenarios.
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Basics

Enterprise budgets provide a framework within which one can explicitly recognize the facts,
assumptions, and uncertainties involved in an existing or planned recirculating system.  These
budgets are often referred to as “partial budgets”, because they represent part of a larger business
organization.  These budgets should be developed by those who are or will be involved in
operating and managing the operation.  This is important, because they know how the system
operates and, for a new operation, they bear the final responsibility for the assumptions used in
constructing the budgets.  Assistance from extension aquaculture specialists or other aquaculture
producers may be helpful for those with limited experience in recirculating aquaculture.

Initial Investment and Related Expenses

Investment related expenses are expenses that depend, at least in part, on the capital invested in
the assets of the operation.  These expenses may also be classified as fixed expenses.  Fixed
expenses are those expenses that can be estimated before production begins, as they do not vary
with the volume of production from the given assets.  Typically, the three most significant such
expenses are depreciation, interest on invested capital, and repair & maintenance expenses. (See
Table 1)

Depreciation and interest may be estimated using actual interest expense and the “allowable
depreciation” expense accounting rules used by the Internal Revenue Service or, especially in
cases where there is little experience with the production process, by using straight-line
depreciation over the estimated economic life of assets and estimated opportunity costs for
interest on invested capital.  The second approach involves fewer calculations and is usually the
preferred approach for the novice or for the first estimates of production expenses.

TABLE 1.  Facilities and Equipment for Intensive Tilapia Production Prototype System

Item Description Initial
Investment

($)

Est.
Life

(Years)

Annual
Depr.

(SL)($)

Repair &
Maint ($)

Salvage
Value 5
years

Land $3,000 $0 $0

Building 40'X80' @ $19.50 $62,400 20 $3,120 $3,120 $15,000

SUBTOTALS $65,400 $3,120 $3,120 $15,000

EQUIPMENT

Indoor drain plumbing $1,900 15 $127 $100 $0

Bldg. Plumbing $4,000 10 $400 $200 $0

Effluent system (lagoon, etc.) $3,000 10 $300 $500 $0

Heater $3,465 15 $231 $100 $300

Pumps $2,150 5 $430 $200 $200

Blower $1,048 7 $150 $50 $100
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Item Description Initial
Investment

($)

Est.
Life

(Years)

Annual
Depr.

(SL)($)

Repair &
Maint ($)

Salvage
Value 5
years

Growout tank (material & constr.) $19,482 20 $974 $100 $5,000

Divider Screens $1,500 20 $75 $100 $0

Reservoir Tank $1,500 20 $75 $0 $100

Purge tank $1,000 5 $200 $75 $200

Purge tank filter $500 15 $33 $100 $0

Drum particle filter $11,500 10 $1,150 $400 $1,500

Biofilter tank & media $8,600 20 $430 $0 $800

Oxygen incorporation piping $1,000 15 $67 $0 $0

Oxygen cones $2,000 15 $133 $0 $200

Feed storage bin $4,500 15 $300 $25 $400

Feeding system $2,700 10 $270 $200 $500

Catwalk $700 10 $70 $0 $50

Feed carts $298 10 $30 $50 $50

Harvesting equip (nets, scales) $2,000 10 $200 $200 $200

Water testing Equip $4,600 10 $460 $100 $1,500

Monitor and alarm system $6,000 5 $1,200 $400 $1,000

Backup generator $4,500 15 $300 $300 $500

Emergency.  O2 System $500 15 $33 $10 $50

   SUBTOTALS $88,443 $7,638 $3,210 $12,650

TOTALS $153,843 $10,758 $6,330 $27,650

Annual depreciation on all assets (except land which is not depreciable) with expected useful
lives of more than one year, is estimated by dividing the initial investment price by the number
of years the asset is expected to be useful (expected useful life).  Annual interest expense is
estimated by multiplying one-half the total initial investment by the opportunity cost of the funds
invested.  In simple terms, the opportunity cost is the annual interest which could be earned by
capital in the next best alternative investment.  For example, if the next best investment
opportunity were in a mutual fund with an expected annual return of 12 % then the annual
opportunity cost of investing that capital in an aquaculture production operation would be
considered to be 12 %. That annual interest expense rate is multiplied by one-half the initial
investment because, when using straight-line depreciation, the average annual investment would
be one-half the initial investment.

Most facilities and equipment require annual maintenance and repairs which are not directly
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related to the amount of product moved through the system.  These expenses are best estimated
using historical records.  When such records are not available, rules of thumb and manufacturer
guidelines may be used.  These annual expenses may be estimated as a percentage of initial
investment in each asset.  Assets with many moving parts and exposure to corrosion may have an
annual rate as high as 5 % while assets without moving parts and less exposure to corrosion may
have an annual rate as low as 1 %.

Other Operating Expenses

In evaluating whether an enterprise is likely to be economically viable in the long-run, one
should include as expenses all inputs used in the enterprise that have some value if used in
another enterprise (opportunity cost).  For example, the operator/owner may be tempted to
assume that his own labor and time carries no expense.  This is usually based on the assumption
that his time has no value.  While this may be an acceptable assumption for a hobby enterprise it
is generally not acceptable for a commercial enterprise, because it assumes the operator/owner
has no marketable talent or skill.  The same logic holds for interest expense on operating capital.
This represents the cost of funds tied up in supplies and other cash expenses during the
production period.  These funds could earn interest if invested in stocks, a savings account, or
other interest bearing opportunity.

The assumptions used in estimating the operating expenses are important and are listed in Table
2. These assumptions should be recorded in order to facilitate analysis and to support evaluation
of the cost of production if any of the assumptions change.  The first assumptions recorded for
each input should be those concerning the quantity of the input required for the enterprise, in
relation to units of product or units of time.  For example, labor requirements may be estimated,
based on number of hours needed per day or per week.  These estimates also depend on the
degree of automation and cultural practices, such as number of feedings per day.

Feed expense, on the other hand, will be related to several performance assumptions, including:
assumed feed conversion ratio; the rate of gain; survival rate; starting weight; and harvest weight
all impact the quantity of feed required to grow a fish to the targeted harvest date.

The second series of assumptions that should be recorded concern the likely prices to be paid for
each input.  The prices of most, if not all, inputs vary over time and cannot be forecasted with
certainty.  The uncertainties regarding future prices paid may be recognized by doing budgets
which use high, low, and most likely estimates of the uncertain prices.  A more complex method
of incorporating uncertain prices and production relationships is shown in the example discussed
in this paper.
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Table 2. Intensive Tilapia Production Prototype System -- Inputs and Assumptions

ITEM Units Value

Growout Tank Size (Approx. liters) liters 165,000

Water use (liters/minute) l/min 18.9

Stocking wt. (g/fish) g/fish 20.0

Number Stocked/Cell # 800

Survival rate %/cycle 90.00%

Number Harvested/Cell # 720

Weight at harvest - Goal (gm) g 638.4

Feed Conversion Ratio # 1.60

Average rate of gain - gm/day g/day 3.80

Production Cycle - days days 168

Production Cycles/Year # 52

Live Hauling $/trip $100

Harvest Price/kg $/kg $4.19

Miscellaneous Expense (% Tot. Revenue) % 1.00%

Interest on Operating Capital % 12.00%

Interest on Long-term Capital % 11.00%

Operating Loan as % Cash Expense % 25.00%

Weighted Cost of Capital % 14.00%

Employee Fringe Benefits % 20.00%

Beginning Working Capital % $10,000

Estimated Fees & License $/yr $50.00

Estimated Insurance $/yr $1,000.00

Estimated Property Taxes $/yr $500.00

Feed $/kg $0.50

Water use $/1000 liters $0.40

Oxygen price $/ccf $0.73

Oxygen Rental $/mo $400.00

Labor $/h $8.00

Labor h/day 3.25
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ITEM Units Value

Electricity $/kWh $0.06

Electricity kWh/h 19.69

Fingerlings $/fing. $0.15

The final series of assumptions that should be recorded are those that concern the expected prices
and the quantity of the product produced and sold from the system.  These are also uncertain, and
the uncertainty may be recognized by completing multiple estimates of revenues based on low,
high, and most likely estimated prices and quantities sold.

 The investment and operating assumptions used in this example for the prototype system are
listed in Table 1 and Table 2. The assumptions in Table 1 concern the investment in facilities
and equipment required for the system.  The total investment in this case was $153,843 for
land, building and equipment.  Estimates were made for the expected useful life and expected
annual cost of repairs & maintenance for each item.  This example assumes straight-line
depreciation over the expected useful life.  One could also incorporate the IRS allowable
depreciation schedules for a more precise estimate of annual depreciation expense for tax
purposes.

The assumptions in Table 2 reveal that on a weekly basis, one cell is stocked with 800
fingerlings weighing 20 grams and one cell is harvested, yielding 720 tilapia weighing
approximately 640 grams.  In terms of each cohort of fingerlings; they are stocked, they are fed
and nurtured for 168 days, during which time 10 percent die, and then they are harvested.  The
information assembled in Tables 1 and 2 was used to estimate annual revenues and expenses
associated with the prototype system and these were used to develop the estimated or pro forma
income statement in Table 3.

The following sections will illustrate the use of three analytical tools that may be useful in
evaluating recirculating aquaculture enterprises:

the volume-cost analysis model,
the discounted cash flow model,
and the profitability linkage model.

These tools help one evaluate the actual or potential profitability of an enterprise, based on real
data and/or assumptions such as those shown in Tables 1 and 2.



9

TABLE 3. Annual Pro Forma Income Statement for Intensive Tilapia Production
Prototype System

Number of Cells Per
Year

52.00

Harvest Price ($/kg) $4.19

Average Weight (kg
& lb)

0.64 1.41

Total # Fish 37,440

Total Weight (kg &
lb)

23,902 52,694

Sales of Fish ($) $100,113

Other Sales ($) $0

TOTAL REVENUE $100,113

EXPENSES: Total $ Fixed
Cost

Variable
Cost:

Per Live
Kilogram

Percent
Total
Cost

Percent
Total
Rev.

Employee Wages $9,464 $9,464 $0 9.8% 9.5%

Employee Fringe $1,893 $1,893 $0 2.0% 1.9%

Fingerlings $6,240 $6,240 $0 6.5% 6.2%

Feed $20,023 $20,023 $1 20.8% 20.0%

Water $3,963 $3,963 $0 4.1% 4.0%

Oxygen $9,566 $93 $9,473 $0 9.9% 9.6%

Electricity $10,323 $10,323 $0 10.7% 10.3%

Maint & Repairs $6,330 $6,330 $0 6.6% 6.3%

SL Depreciation $10,758 $10,758 $0 11.2% 10.7%

Live Hauling $5,200 $5,200 $0 5.4% 5.2%

Fees & Licenses $50 $50 $0 0.1% 0.0%

Insurance $1,000 $1,000 $0 1.0% 1.0%

Property Tax $500 $500 $0 0.5% 0.5%

Miscellaneous
Expenses

$1,001 $1,001 $0 1.0% 1.0%

Est Operating Interest $2,267 $2,267 $0 2.4% 2.3%

Total Operating
Expense

$88,578 $46,640 $41,937 $4 92.0% 88.5%

Interest Expense $7,700 $7,700 $0 8.0% 7.7%

Total Expenses $96,278 $54,340 $41,937 $4 100.0% 96.2%
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Net Profit Before Tax $3,836 $0 3.8%

Taxes (Corp Rates) $575 $0 0.6%

Net Profit After Tax
& Interest

$3,260 $0 3.3%

Volume Cost Analysis

The volume of a business’ sales relative to its expenses has an important influence on that
business' economic and financial viability.  Understanding the relationship between the volume
of business and expenses plays a key role in achieving profitability objectives.

When sales volume is less than anticipated, expenses as a percent of sales man be much higher
than anticipated In order to be more profitable, an enterprise must increase sales or decrease
expenses or both.  The relationship between sales and expenses as well as the nature of the
expenses is very important.

There are many ways to classify expenses: variable and fixed; controllable and noncontrollable;
selling and administrative; etc.  Each breakdown is useful for different reasons.  The variable
and fixed breakdown is the one most useful for purposes of analyzing the relationship between
sales volume, expenses and profits.  This breakdown helps identify the relationship between
sales volume and expenses, and it is the basis for the an important management tool called
"volume-cost analysis" or "break-even analysis".

A fixed expense or fixed cost is present even if there are no sales.  The definition for fixed cost
(or expense) is those costs which do not fluctuate with the volume of business.  Fixed costs are
considered the cost of being in business.

A variable expense or variable cost rises or falls in direct relationship with sales; in fact, sales
cause variable expenses.  The definition of variable cost (or expense) is those costs which vary
directly with the volume of sales.  Variable costs are considered the cost of doing business.  For
instance, the cost of feed is a variable expense.  Production and sales are directly and positively
related to the quantity of feed used.  Employee expenses, however, may not necessarily be a
variable-expense, if they were predetermined by agreement or contract.

Some expenses may be a mixture of fixed and variable expenses.  Judgments must be made
about the breakdown of expenses into fixed and variable categories.  Volume cost analysis,
when correctly applied, can help answer a number of important questions concerning the
impact of sales volume of the business and changes in costs or prices on the profits of the
business.

There are four basic steps in determining the break-even volume for an recirculating
aquaculture production system.
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STEP 1. Identify fixed and variable costs.
STEP 2. Summarize fixed and variable costs.
STEP 3. Calculate the contribution to overhead
STEP 4. Calculate the break-even volume.

These four steps are further defined in the following discussion and illustration.  Table 3
contains the pro forma income statement for the prototype tilapia growout system.  A likely
breakdown into fixed and variable costs is shown in the two columns in Table 3 labeled "Fixed
Cost" and "Variable Cost" (Step 1).  This step is very important, because the miscategorization
of costs would produce misleading results.  The income statement in Table 3 also shows each
cost category expressed in total dollar terms and also as a percent of total sales revenues.

When all expenses have been classified, variable costs can be estimated as a percentage of total
revenue and fixed costs can be estimated as total dollars for the year (Step 2). Volume cost
analysis is based on the assumptions that selling price and cost relationships remain constant
over the relevant time frame.  When the selling price and/or cost relationships change, the
fixed/variable cost breakdowns should be re-estimated to assure they accurately reflect the
operating environment.  By keeping the analysis current, one can satisfy the assumptions and
use volume cost analysis as a powerful analytical and planning tool.

In Table 3 the variable costs total $41,937 or 41.9% of revenues or about $0.419 per dollar of
sales revenue.  Fixed costs total $54,340.  Armed with this information one can calculate the
contribution to overhead (CTO) per dollar of sales revenue (Step 3).  The contribution to
overhead is defined as that portion of revenue from each unit or dollar of sales that remains
after variable costs are covered.  This portion of revenue is applied toward covering fixed costs.
For each dollar of sales revenue in this example:

CTO = $1.00 -$O.419 = $0.581.

The contribution to overhead (CTO) is used to cover or pay fixed costs.  When total fixed costs
are just covered, the business is at "break-even," The business begins to make a profit as
volume increases beyond the break-even volume.  The break-even volume (BEV) for a
business is the sales revenue volume at which total fixed costs are just covered by the
contribution to overhead (Step 4).  The BEV is calculated as follows:

BEV = $Fixed cost ÷ $CTO per dollar revenue = $54,340 ÷ $0.581 = $93,528

This is the dollar volume of business at which total revenues just equal total costs and profits
equal zero.  Each dollar of sales revenue above $ 93,528 generates profit.  The amount of profit
generated for each dollar of sales above the break-even volume in this example is $0.581.

The following exercises illustrate the usefulness of volume cost analysis in
estimating the volume of sales required to achieve a profit objective; analyzing the impact on
break-even of a change in fixed cost and analyzing the impact on break-even of a change in
variable cost.
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Example:       Profit Planning

Volume cost analysis may be used to estimate the volume of sales required to achieve a desired
level of profit.  For example, assume that one’s profit goal equals the net profit before taxes
shown in Table 3 ($3,836).  Each dollar of sales over and above the break-even volume will
generate $0.581 (CTO) in profit.  The equation for profit planning using breakeven analysis is:

Volume required (VR) = ($profit goal + $fixed cost) ÷ $CTO per dollar revenue
= ($3,836 + $54,340) ÷ $0.581 = $100,131

The calculated sales volume required in this example is approximately equal to the total
revenue shown in the pro forma income statement in Table 3 (the difference is due to rounding
errors).  In other words, that sales volume would be required to produce the level of profits
desired.

Example:       Analyzing the Impact of a Change in Fixed Cost

Volume costs analysis can help one determine the additional volume necessary to support an
increase in fixed costs.  One way to calculate the additional sales volume required to support an
increase in fixed costs is:

$ Additional fixed costs ÷ Original CTO = $ Additional sales required

For example, how much additional volume will be required to cover the cost of an additional
permanent part-time laborer if the annual salary and benefits for that laborer were $5,000?  The
annual fixed cost increase caused by the hiring of the new person would be $5,000 and
additional sales will be required to cover that new fixed cost and reach breakeven volume:

Additional FC ÷ $ Original CTO = $8,606 in additional sales needed

Note: these additional $ 8,606 in sales would be needed in every year in which the
extra fixed cost was incurred.

Example:       Analyzing the Impact of a Change in Variable Cost

Variable costs may also change over time.  When variable costs change, the CTO changes and
when the CTO changes, the BEV changes.  For example, if variable costs increased by $0.02
per dollar of sales the volume of sales required to break-even would be higher.  How much
higher can be estimated as follows:

CTO = sales dollar - new variable cost per dollar = $ 1.00 - $0.439 = $0.561
BEV = $ Fixed Cost ÷ $ CTO = $ 54,340 ÷ $0.561 = $96,863

This is $3,335 higher than the original break-even volume.  Further, if one wished to maintain
the original profit goal of $3,836, the sales volume required would be:
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Volume required (VR)  =  ( $fixed cost + $profit goal ) ÷ New CTO
=   ($54,340 + $3,836) ÷ $0.561 = $103,701

Therefore, if variable costs increase by $0.02 per dollar of sales, the volume required to
maintain the original profit goal would be $3,570 higher.

Table 4 shows a summary of statistics for the break-even analysis example discussed above.  It
illustrates two views one could take in calculating break-even.  Break-even is shown in dollars
and kilograms.  This type of analysis may be applied to one's own business by following the
procedures discussed above.

TABLE 4.  Break-even Analysis for Intensive Tilapia Production Prototype System

Dollars Per Kilogram Per Dollar

Total Fixed Cost: $54,340 $2 $1

Total Variable Cost $41,937 $2 $0

Contribution To Overhead (CTO) Per
Dollar of Revenue

$1

Dollars Kilograms

BREAK-EVEN VOLUME: (BEV) $93,528 $22,326

Discounted Cash Flow Analysis

The net present value method of evaluating investments is a preferred method for evaluating
investments with economic lives longer than one year.  It is preferred because it takes into
account the time value of money.  It explicitly recognizes that a dollar received today (present
value) is worth more than a dollar to be received at some future time.  The present value of that
dollar depends on when that dollar will be received (or spent) and the appropriate interest rate
representing the time value of money.  The net present value method allows one to compare
alternative multiyear investments on a uniform basis.  That basis is the estimated value of all
incremental cash flows at one point in time, typically the present.  The prototype recirculating
system information presented in Tables 1, 2 and 3 was utilized to illustrate the application of
the net present value method in evaluating investments in recirculating aquaculture systems.

The net present value method for evaluating an investment in such a project may be
described and applied in several steps:

STEP 1. Determine the net investment required to initiate the project.

The initial investment (Table 1) was $153,843 for land building and equipment.  It was
estimated that the net investment in working capital (Table 2) would increase by $ 10,000
(primarily increased inventory).  These amounts are shown in Table 5 as cash outflows at the
beginning of the investment time frame, Year 0.
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STEP 2. Estimate incremental operating cash flows expected over the life of the project.

The annual cash flows associated with the prototype system and summarized for a five year
period in Table 5, were drawn from the information in the pro forma income statement in Table
3. In this simple example, the incremental cash expenses and revenues were assumed to stay
level (no inflation) over an expected investment life of five years.  This is a simplifying
assumption that may not represent a real situation.

STEP 3. Estimate the non-operating cash flows expected at the end of the project.

The "non-operating cash flows" which may occur at the end of an investment would include the
net after-tax receipts from the sale of assets and any tax effects from the sale of depreciable
assets.  These values appear in the bottom half of the column for the terminal year (Year 5) for
the example in Table 5. This would also include the recovery of any increased investment in
inventory which had occurred at the beginning of the investment time frame.

STEP 4. Determine the appropriate cost of capital or discount rate of interest.

This step incorporates the investor's time value of money or discount rate.  This rate is used to
discount all future net cash flows (cash inflows - cash outflows) back to the beginning of the
investment time frame, sometimes referred to as "time zero" or the beginning of year one.

One approach to determining the appropriate discount rate is to develop a weighted average of
the rates of interest or rates of return for credit and equity capital.  In the prototype example it
was assumed that 14.0 percent was an appropriate discount rate or weighted cost of capital.

STEP 5. Calculate the net present value of all cash flows.

Each of the annual estimated net cash flows was discounted to time zero at the 14.0 percent
discount rate.  The formula for discounting each of these individual net cash flows (NCF) is:

Present Value (PV n,k) =      
n

n

k

NCF

)1( +

The letter "n" represents the year and the letter "k" represents the discount rate.

Table 5 contains the results from the application of the discounted cash flow method (or net
present value) to the evaluation of the investment in the prototype system using the information
and assumptions given in Tables 1 and 2. The resulting estimated negative net present value
means that, for the investor with a five year investment plan for this prototype recirculating
system, his/her net current (present) value would decline by approximately $66,003 if he/she
invested in and operated this prototype system.  Obviously, these results represent only one
scenario.  Alternative scenarios may be analyzed by changing one or more of the assumptions
used to describe the system.
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TABLE 5. Cash Flow Analysis for Five Year Planning Horizon for Intensive Tilapia
Production Prototype System

ITEM YEAR 0 YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5

Total Revenue $100,113 $100,113 $100,113 $100,113 $100,113

Incremental Cash
Expense

$75,553 $75,553 $75,553 $75,553 $75,553

Depreciation (SL) $10,758 $10,758 $10,758 $10,758 $10,758

Net Before Tax
Revenue

$13,802 $13,802 $13,802 $13,802 $13,802

Est. Income Tax $2,070 $2,070 $2,070 $2,070 $2,070

After Tax Cash Flow $11,732 $11,732 $11,732 $11,732 $11,732

Add back
Depreciation

$10,758 $10,758 $10,758 $10,758 $10,758

Net Operating Cash
Flow

$22,490 $22,490 $22,490 $22,490 $22,490

Initial Investment (153,843)

Change in Working
Capital

(10,000)

Estimated Salvage
Value

$27,650

Book Value $100,053

Gain (Loss) (72,403)

Tax Increase
(Decrease)

(2,070)

Net Cash Flow $29,720

Change in Working
Cap.

$10,000

Terminal Yr. Non-
operating Cash Flow

$39,720

NET CASH FLOWS (163,843) $22,490 $22,490 $22,490 $22,490 $62,210

NEW PRESENT VALUE AT 14.00% = ($66,003)

Profitability Linkage Model

The basic profitability linkage model, illustrated in Figure 3, is a conceptual framework used to
link the operating statement and balance sheet, to ascertain the profitability of the firm, and to
illustrate how profitability is related to revenues, expenses, assets, and equities.  The numbers
used in Figure 3 to illustrate the profitability linkage model is based on the assumptions and
data used in the recirculating prototype system discussed above.

The information contained in the profitability linkage model comes from the pro forma income
statement (Table 3) and the pro forma balance sheet (Table 6).  These financial statements
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represent results for the recirculating prototype system scenario presented in this paper.  Table
6 shows an example of a probable pro forma balance sheet for the prototype system.  The
individual data entries are estimates representing a relatively realistic scenario.

The profitability linkage model allows the information from the income statement (Table 3)
and the balance sheet (Table 6) to be schematically assembled in such a way that their
relationships are easier to comprehend.  The top third of the profitability linkage model (Figure
3) contains the expense and revenue information from the pro forma income statement.  The
arrangement illustrates the relationships between expenses, revenue and the resulting profit
margin for one year.  In summary that relationship is as follows:

Revenue - Expenses - Tax = Net Profit after Tax and Interest (NPAT&I)

NPAT&I ÷ Total Revenue = Percent Profit Margin

TABLE 6. Year One Ending Pro Forma Balance Sheet for Intensive Tilapia Production
Prototype System

ASSETS EQUITIES

Cash $2,000 Accrued Expenses $4,500

Accounts Receivable $0 Accounts Payable $7,500

Inventory $8,000 Notes Payable $0

Total Current Assets $10,000 Total Current Liabilities $12,000

Equipment $88,443 Long-term Liabilities $70,000

   Less DEPR $7,638 $80,805

Facilities $62,400 Total Liabilities $82,000

   Less DEPR $3,120 $59,280

Land $3,000 $3,000

Fixed Assets $143,085 Net Worth $71,085

Total Assets $153,085 Total Liabilities & Net
Worth

$153,085

Selected Ratios

Net Profit % 3.26%

Return on Total Assets 2.13%

Return on Net Worth 4.59%

Asset Turnover 0.654

Leverage 2.154
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The focus is on profit margin percentage and the factors that affect it.  The profitability linkage
model helps illustrate the impact of a change in any item on the pro forma income statement
(Table 3) on the profit margin percentage.  For example, an increase in the cost of feed (or
other input) or a decrease in revenue will reduce the profit margin, while a decrease in any cost
item or an increase in revenue will increase the profit margin.

The middle section of the model in Figure 3 contains the asset side of the pro forma balance
sheet.  Current and fixed assets may be listed in as much detail (or breakdown) as desired in
order to track their impact on the business.  The focus of this section of the model is on the
efficiency of asset usage, which is measured by asset turns, which is the ratio of total revenue
to total assets.  An asset turns of 2.5 means there was $2.50 of revenue for each dollar invested
in assets.

A change in any asset category and its impact on asset turns can be traced and understood in
this section of the model.  For example, if there were a decrease in the investment in a fixed
asset, the result would be an increase in asset turns.  Similarly, if there were an increase in any
asset category the result would be a decrease in asset turns.  To see how important these kinds
of changes may be, the first two sections of the model are linked to produce the return on total
assets percentage (profit margin percentage X asset turns).  The income statement analysis and
the asset analysis become even more useful when they are linked in this manner, because it
focuses attention on the return on investment, where investment is represented by the value of
total assets.

The bottom third of the profitability linkage model in Figure 3 provides details on investment
in the business by the owners (net worth) and by outsiders (liabilities).  The ratio of total assets
(which equals total investment) to net work produces a measure of relative owners’ investment
known as financial leverage.  Leverage illustrates how many dollars of total investment there
are for each dollar invested by the owners (net worth or owners equity).  For example, the
leverage ratio in Figure 3 of approximately 2.2 means that for each dollar of owner investment
there is $2.20 total investment or $1.20 invested by outsiders.  These “outsider” investments are
listed on the balance sheet in Table 6 as liabilities for the business.

The linkage of leverage to the return on total assets percentage produces the final and most
important measure of profitability: return on net worth.  This final linkage allows one to trace
the impact of changes in revenues, expenses, assets, liabilities, or net worth on the return on net
worth.  In the final analysis, most businesses must provide the owners with an acceptable return
on their investment to retain that investment.  If returns are not acceptable, investment dollars
will flow to similar investments with higher returns or lower risk.  The acceptability of returns
depends on the risk and returns on alternative investment opportunities.

The profitability linkage model illustrated in Figure 3 may be changed to include as much
detail as is desired, and it may be adapted to contain multiple years of data, thus allowing the
tracking of profitability performance over time.  The profitability model can be expanded to
incorporate other internal or external factors or forces which may have an impact on the
business.
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Closing

The three analytical tools or models illustrated in this paper can be very helpful in
understanding the financial performance of an existing recirculating aquaculture system or a
planned investment in such a system.  The actual numbers used in the illustrative example are
not intended to be representative of the industry experience in raising tilapia in recirculating
systems.  This interim data is based on early experience at Illinois State University’s
aquaculture research program and may not be representative of the final prototype system
analysis which will be published later.
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Figure 3.  PROFITABILITY LINKAGE MODEL
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Introduction

Louisiana wetlands have historically produced large quantities of diverse aquatic species. 
Crawfish and alligators reflect the diversity.  Each supported natural fishery harvests by
commercial fishermen.  It was the commercial harvest of crawfish and alligators that led to
development of aquaculture systems as an alternate means of supply.

Louisiana residents have been hunting alligators (Alligator mississippiensis) for hides and meat
since before the turn of the century.  The same utilization was evident in other states.  In 1962,
the Louisiana Department of Wildlife and Fisheries prohibited alligator harvests.  Other states
followed with similar prohibitions (Joanen, McNease, Ashley 1990).  Federal protection via the
1973 Endangered Species Act assured a uniform protection program (Masser 1993).  A highly
constrained wild harvest was allowed in Louisiana beginning in 1972.  An expanded wild harvest
followed to the point where Louisiana consistently harvested approximately 25,000 alligators
annually.  Other southern states have smaller harvests from wild populations.

A Louisiana alligator farm sold a minimal 35 animals in 1972.  That has lead to 134,000 alligators
from 89 farmers sold in 1995 (LSU 1996).  Approximately 88 alligator farmers and ranchers are
listed from other states (SUSTA 1995).  Alligator production in environmentally controlled
structures is depicted by Masser (1993).  The industry progressed to its high level of production
without dependence on recirculating technology to date.  The financial success of alligator
farming in the southeastern United States without use of recirculation technology can provide a
base from which such technology can improve profitability.  This can occur via lessening
fluctuations in profit levels and a decrease in operating costs.

Soft shelled crawfish production is also centered in Louisiana as is the case of crawfish
production.  Approximately 100 million pounds of crawfish are produced annually in Louisiana. 
The rest of the nation accounts for 10 percent of total production.  Crawfish (Procambarus
clarkii) farming began in the mid-1960's with 2,500 hectares peaking in the late 1980's at 54,500
hectares.  Crawfish in the soft shell condition common to the molting process in crustaceans were
not part of the cajun food basket.

A small directed fishery in crawfish ponds for animals in the soft shell state emerged in the mid-
1980's.  Unreliable harvest methods resulted in high costs of generally poor quality product.  A
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method for identifying pre-molt crawfish was quickly developed.  Research further refined a tray
culture system utilizing immature crawfish approaching a molt.  This industry within an industry
grew from 20 producers selling 2,300 kg in 1986 to 36,300 kg from 100 producers in 1988.

Louisiana producers transferred the soft shell technology to other states most notably Florida.  A
600 tray system began in Florida just when indications of extensive market weaknesses became
evident.  Automated, recirculating system development coincided with the adverse market.  Peak
production of 1989 occurred in May and this turned out to be the benchmark from which the tide
receded permanently.  Markets could not sustain exponential supply growth fueled by the
comments of experts, "It�s (soft shell crawfish) a new product that costs 40 cents a pound at the
pond level and sells for $8 to $10 a pound" (de la Bretonne 1988).  The 150 producers in 1989
represented a 50 percent increase at a time of existing system capacity increase.  Producer prices
decreased 50 percent to $2.70 a kg.  In the absence of any major role for recirculating systems
during the period, the industry collapsed.  In 1996 there were 6, and sometimes fewer, soft shell
crawfish operators remaining in the United States.

Alligator and soft shell crawfish culture industries began in Louisiana.  The majority of the
nation's producers remain in Louisiana.  Thus, the role of recirculating technology in Louisiana
reflects its status with these industries.  Alligator industry success to date is founded in flow
through technology.  Soft shell industry success was fleeting but recirculating technology had no
role in the failure and is currently dominant.  Rather each industry may well depend in the near
future on adoption of recirculating technology.

Recirculating Technology Suitability: Alligator and Soft Shell Crawfish Economics

There are many factors to consider in aquatic species production for profit.  This focus on profit
should drive all but the basic research element of public scientific funding.  A problem is that most
research at public expense supports scientists separated from the profit motive.  Thus, initially a
matter of importance is the increased use of research dollars through industry grants and research
agreements.  This places capital in places where economic and marketing niches are more clearly
identified in the short run.  Otherwise scarce investment capital must be used by companies to
fund research masquerading as first crop production.  This is of particular significance to
recirculating system operations nearer the small end of the size range.  Thoughts turn to
specialized hatcheries, some soft shell crawfish producers, soft shell crab producers, alligator
farmers and ornamental fish producers.  Large scale recirculating operations that perceived a
forgiving economic system have been notable failures from Virginia to Hawaii.  There are,
therefore, numerous factors to consider in the production of aquatic species for profit.

1. Consumer demand

American consumers are not utilizing seafood at a rate and at prices to cash flow most
recirculating systems.  Seafood consumption in the aggregate increased each year form
1985 to 1994.  Per capita consumption peaked in 1987 but by 1994 was at the same level
as 1985.  This is relevant to market penetration by new products such as soft shell
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crawfish and alligator meat.  Prices received by fish and shellfish increased from an index
of 92 (1982 = 100) in 1985 to 132 in 1994.  However, all of the increase occurred
between 1985 and 1988.  Soft shell crawfish prices failed to recover from the 50 percent
decrease between 1985 and 1989.  The result is that the adoption of recirculating
technology will occur on the basis of other factors.  That is, an increasing price will not
foster use of the recirculating system.

Alligator producers sold less that 5,000 animals in 1985 for an average of $21 per 30.5 cm
(LDWF 1993).  Skin sales increased six fold by 1988 and supported peak prices of $36
per 30.5cm. The low prices experienced in 1992, $12 per 30.5cm, was followed by small,
steady price increase to $20 in 1995.  Alligator prices are more favorable to the
accumulation of capital necessary to fund conversion of facilities to recirculating
technology.

2. System investment value

Intensive systems in absolute terms consume large amounts of capital.  A niche here may
be impossible to find at this time for these species.  Production of soft shell crawfish and
alligators occurs in owner operated businesses.  Large corporate endeavors well funded by
venture capital and bank loans is not to be found.  Rather, the facilities are constructed
with significant contributed labor by the owner.  Self financing is clearly the situation in
the major producing area, Louisiana.

Recirculating systems being more capital intensive in the start up phase have for this
reason not been attractive.  Owner operators of soft shell crawfish systems face 15 percent
higher investment costs per 40 tray unit (Caffey 1988).  After the 1989-92 negative
message delivered by the market, the few remaining growers viewed break even price as
the critical issue.  At full capacity the recirculating system had an 18 percent lower break
even price.

The situation with alligator producers nationwide would be one of retrofitting existing
flow through systems.  Production houses and wastewater discharge were designed to
speed business entry.  Economic stimuli induced entry on equity capital.  There being no
air and water quality regulation to be met, farmers maximized capacity for limited capital. 
Also, regulations in Louisiana fixed the relationship between alligator length and square
footage of grow out facility: a) one square foot per alligator less than 24 in. in length, b)
three square feet per alligator from 25 to 48 inches, c) one additional square foot for each
additional 6 in. in length (LDWF 1993).

3. Unit operating efficiency

The issue here revolves around how low the short run cost curve is.  Too often the
emphasis is on reaching the recirculating niche of reducing significantly the impacts of
environmental risk.  This clearly comes with associated high capital demands.  However,
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the overlooked aspect is the cost(s) associated with operating the controlled system. 
Perhaps the correct view is that the operating cost aspect is one of having insufficient
information.  Recirculating cost documentation is not to be found.  True, there are
numerous cost estimates based on simulations.  Rare would be the report that depicts
costs above market prices!  Actual cost documentation of failed and emerging
recirculating system businesses would be informative, entertaining reading.

Soft shell crawfish systems have been simulated for Louisiana and Mississippi.  Caffey
(1988) was previously cited.  Posadas and Homziak (1991) report higher operating costs
for a recirculating system.  Even though their variable and fixed cost estimates are higher
for the recirculating system, the system can be competitive on the basis of other factors to
be discussed later.

Alligator system documentation and simulation is essentially non-existent.  The research
necessary to evaluate the niche whether it be cost or otherwise based is underway in
Louisiana.  A cooperative project at Louisiana State University and the University of
Southwestern Louisiana is evaluating water quality and energy aspects of recirculating
systems for alligator production.  At this time the work is in its third of three years. 
Results will permit the initial forecasting of suitability.

4. Product differentiation

A prospect yet to be fully evaluated is that recirculating systems could produce
differentiated products.  The consumers' market basket of soft shell crawfish and alligator
products may open up from use of new technology.  Differences can be real and/or created
by promotional efforts.  Niches may exist that a recirculating system can fill.  For investors
to act on this basis of determining commitment to a system is not advisable.  The
opportunity or niche must be evaluated as to scale and duration of market.  To justify
additional investment the size of the market for the differentiated product must be large
enough to provide payback.  Also, the market must accept the product for a sufficient
duration.

The relevancy to soft shell crawfish is that recirculating systems operate on a nonseasonal
basis.  Posadas and Homizak (1991) in a simulation comparison of systems proposed a 40
percent extension of the production season for a recirculating system.  It was this ability to
provide a differentiated product, fresh soft shell crawfish, for additional months each year
that made the system the correct choice.  The differentiation compared to a flow through
system resulted in an estimated 68 percent increase in net returns.

The situation with alligator production is indeterminate.  An evaluation element is the
length of time to produce a marketable product.  Alligator's stay in systems from 12 to 18
months when not being held for broodstock purposes.  There are also a range of sizes
from slightly less than a meter to 1.8 m. While meat sales account for 15-20 percent of an
alligator's sale value, hide revenue drives any system decision.  Recirculating system
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adoption is being addressed by the aforementioned universities from the perspective of
energy conservation and water quality.  The progress is reported elsewhere at this
conference.  From an economic viewpoint energy and water quality are important.  Such
interests, however, must be evaluated on other than an engineering cost basis.  A primary
check would be on product quality, i.e. hide quality.  A recirculating system with gains via
energy savings must not compromise growth rates and hide quality.  Brown spot disease is
a particular threat to hide quality.  Thought to be stress related which can be induced by
water temperature fluctuation, hide prices are significantly reduced by its presence.

5. Regulatory compliance

The recirculation of water can be stimulated by discharge regulations.  Pricing of water by
government regulation can be important in some places.  There are alternatives such as
surface and well water sources when potable water purchases from a municipal line are
too costly.

Soft shell crawfish producers have more readily adopted recirculating technology. 
Discharge regulations are minimally associated with the choice.  Recirculating has been
adopted because of location in some instances.  Location in industrial parks or suburban
areas that facilitate access to markets come with discharge inflexibility.  Potable water
purchases are more expensive also in such circumstances.

Alligator production systems yield products on a 12 to 18 month growth cycle.  Infrequent
harvest and marketing is in contrast to soft shell crawfish production.  Location criteria
are therefore more linked to low cost water supply, availability of suitable discharge sites
and avoidance of nuisance odor complaints.  To date there is no evidence that water
discharge regulations are severe enough to make recirculation technology preferable.  As
regulators discover the discharge practices of alligator farmers, recirculation applications
will increase.  It is prudent to support research that will yield the system specifications in
preparation for the inevitable.  Researchers must allow for technology adaptive to existing
structures.  Retrofitting can have cost and perhaps performance implications different from
research findings.  Only with this caution will recirculating research results be quickly
useful to ongoing alligator farm businesses.

Outlook

The further development of the soft shell crawfish and alligator culture industries is not currently
dependent on improvements in recirculating technology.  Crawfish are already produced
efficiently in recirculating systems.  The size of the market continues to be a constraint.  Flow
through systems were so low cost and user friendly that rapid expansion soon stressed markets. 
Price decreased to the point that the efficiency of large recirculating systems became dominant. 
The technology will be refined to the benefit of existing producers yet need not make enough
gains to attract new entrants.
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Alligator producers face more opportunity.  Heat and water loss from the wash down operation
can be reduced.  Labor associated with the activity can also be reduced if recirculation lessens the
frequency of wash down.  It will be necessary to evaluate recirculation�s affect on growth rates
and hide quality.  This is critical in contrast to soft shell crawfish systems not focused on growth
and disease avoidance.

A positive characteristic of each species production system is that aeration concerns are minimal. 
Both systems do not need to have recirculation technology to deliver oxygen rich water. 
Alligator production is self-explanatory in this regard.  Crawfish trays are shallow allowing
crawfish air contact if necessary.  In addition the crawfish densities and feeding rates are low
compared to finfish.  Monitoring and backup equipment synonymous with recirculating
technology investment is not a factor for crawfish and alligator to the extent they are in finfish
production.  Thus, recirculation can be less costly, possibly, to install.

Adopters of recirculating technology in general endeavor to avoid the natural environment
production system.  This is wise in many instances.  Yet, often the choice ignores considerations
that the business environment is as demanding and less forgiving.  Optimism that consumption
trends and the related price increases will overcome system inefficiencies on a sustained basis is
not well founded.  On this basis investors have incorrectly assessed recirculating system potential
in many cases especially finfish.  Management can fail even when opportunity and recirculating
technology are properly wedded.  Sufficient operating capital must be present to allow
management experience with three successive crops.  This is the period in which management can
learn how to modify/tune the technology, measure management ability to react and experience
market fluctuation.  A soft shell crawfish producer can experience each within a year.  This is the
explanation for the rapid exit of businesses after 1989.  An alligator producer may take four years
to experience these management tests.  Adoption and successful adaptation of recirculating
technology is likely in this situation.  The outlook is for more use on United States alligator farms.
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INTRODUCTION

The size of the catfish aquaculture industry in the United States has increased
tremendously in the last 25 years.  By 1995 the total water acreage had increased to over 160,000
acres.  Despite the already considerable size of this growing industry, little attention has been
devoted to the potential polluting effects that effluents discharged from fish ponds might have on
the environment.

In 1974, the United States Environmental Protection Agency (EPA) identified fish culture
ponds as potential point sources of pollution (20).  For over 20 years, regulations restricting
water quality discharged from catfish ponds have been in place, but in their current form they
apply to few actual farm situations.  Under existing regulations, most catfish producers do not
need discharge permits.  However, changes in effluent regulations are expected in the future.

Some of the water discharged from catfish ponds into streams, rivers and other water
courses could have a significant impact on the ecosystem, both at the point of discharge and
downstream.  Pollutant problems reportedly associated with fish farming include chemicals,
pathogenic bacteria and parasites, and chemical and/or physical change in water quality of the
receiving stream.  The latter problem constitutes, possible, the most significant source of pollution
(1, 3).

Environmental consequences of fish culture pollution depend largely on production
technologies, location and the type of farm (12, 14,17).  Therefore, the catfish industry must use
technologies and procedures that will protect the environment, as the success of the industry in
the long run could largely depend on the sustained quality of the environment (16).

At least two concerns regarding fish hatchery and fish farm effluents are apparent: 1) the
economic feasibility of reducing the waste load from fish culture operations, and 2) changes in fish
production practices that may emerge under any permitted discharge levels.
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RELATED RESEARCH

Water Quality and Fish Waste

Aquacultural system present problems not found in land-based culture systems.  Fish
wastes are deposited in the water, and feed that is not consumed by the fish cannot be recovered
and thus decomposes in the pond.  Wastes from these sources results in high concentrations of
nitrogen, phosphorus, and organic matter that settles to the pond bottom and is disturbed during
fish harvest (18).  Current technologies and management practices make it possible to produce
over 7,000 pounds of fish per surface acre of water.  These production levels require significantly
more feed which may cause pond water quality problems and high loads of waste discharged
during pond draining.

Barker et al. (1) and Boyd (2) showed the highest pollutant concentrations in catfish pond
water was during seining, as opposed to growing and draining phases due to the physical agitation
of the water and stirring of the pond bottom during harvesting.  Boyd (2, 4) showed that pollutant
concentrations are highest in the last 5.0-20.0 percent of pond water to be drained during the
harvest phase.  Cole and Boyd (5) and Tucker et al. (19) also evaluated water quality parameters
used in comparing stocking and feeding rates.  The most used measure of the polluting effects of
an effluent is biological oxygen demand (BOD).1

Water Recycling

Hollerman and Boyd (10) and Seok (18) reported the effects of non-annual draining on
pond water quality.  They indicated that ponds may be operated for many years without draining,
if moderate feeding rates are applied.  Seok (18) added that there was no significant difference in
water quality variables and fish yields between ponds not drained for one to two years.  Thus, the
impact of effluent discharge on the environment could be minimized, and external water demands
reduced by retaining water longer in ponds.  Ponds still may be partially or totally drained by
transferring the water to other ponds during seining so that effluents may settle out and the water
stored for recycling (11).  Water may be returned to the harvested pond later so that no pond
effluents would be discharged (16).  External water is used only to replace losses, not to improve
water quality (8, 11, 16 and 27).  Such systems must have the facilities necessary to expedite
water transfers economically.  Because water is reused, the typical high annual cost of water
pumping for refilling a non-circulating systems may be minimized.

According to Pillay (16), when the species being cultivated can tolerate relatively high

                                               
1  BOD is a measure of the amount of oxygen necessary to oxidize the readily

decomposable organic matter.   Although BOD is the technically correct term, the general term
BOD was used in this report to denote the oxygen demand of catfish pond effluent loads.  This
may be compared with the chemical oxygen demand (COD), which refers to the oxygen necessary
to completely degrade organic matter, used as an index of organic matter concentrations.
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concentrations of metabolic waste, simple recycling systems may be adopted.  However, when
alternative systems are required, wetlands (bio-filters) are most often recommended.

Public Policy for Effluent Control

Standards and taxes are the most common policy forms for internalizing externalities
created by waste discharges into waterways.  Standards establish maximum acceptable levels of
waste discharged.  Taxes are punitive means to enforce adherence to standards or provide
incentives for standard compliance.  Both induce operators to find cost-effective methods to meet
environmental constraints.  The typical approach is to use a combination of taxes and standards. 
No tax is paid if producers keep pond discharges within specified limits.

A primary question of concern for policy makers is, "what will be the effect of alternative
constraint measures on catfish production and producer income?"  Theoretically, a profit-
maximizing catfish producer when faced with constraints that increase production costs, should
reduce waste discharges until the marginal cost of waste reduction equals the cost (tax penalty) of
not treating the waste.

THE PROGRAMMING MODEL AND ASSUMPTIONS

Linear programming (LP) has been used as a management tool for many years.  Both
Hebicha (9) and Schmittou (17) used LP in assessing alternative pollution control strategies in the
Alabama catfish industry.  Their models provided the initial framework for this study.  The LP
technique allows measurements of the impacts of selected constraints such as waste management
on farm profit, resource use, and long-term management strategies.  In this case, environmental
standards limiting the amount of catfish pond effluents discharged into public waters and possible
taxes on excess BOD loads generated by those discharges were imposed as production
constraints.  Alternative strategies to handle possible pond wastes were also evaluated to
determine optimum strategies under different constraint levels.

Pond Systems

Hypothetical 10-acre levee and watershed pond systems were assumed for the with
sufficient land and water available to develop 12 ponds (120 acres of water surface) each, Figure
1, Table 1.  Figure 1 shows how such a watershed-pond system might be designed to capture
diffused surface waters, and allow pond water recycling.  Typically, levee ponds would be
arranged in a grid so that levees would serve contiguous ponds.  All ponds were considered to be
production units, with the exception that one pond in the levee system was assumed always
available for recycling.  Management decisions were made with respect to maintaining production
in each pond on a more or less continuous basis.
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Figure 1.  Schematic Illustrating a Watershed Pond System for Recirculating Water Used in
Catfish Production, 10-acre Ponds.

Table 1.  Assumptions of Analysis on Catfish Pond Effluent Discharge, Alabama, 1993-94

Pond types: watershed and levee - (12 10-acre units)

Pond drainage schedules: 1-3 years, depending on fish size and pond type

Waste handling systems

    Watershed ponds 1.  Annual draining
2.  2-year drain cycle depending on fish size
3.  3-year drain cycle with recycling
4.  Alternative draining/recycling with wetlands

    Levee ponds 1.  Annual draining
2.  3-year drain cycle with recycling
3.  Alternative draining/recycling with wetlands

Effluent control incentives:

    Standards 0 - 30 mg./Liter of BOD

    Taxes $0.0 - $750 per mg./L

Pond recycling costs:

    Water pumped 24 ac-ft./10 ac. pond
100 ft. well

    Pumping costs/pond (WS) $134/yr.

    Pumping costs/pond (L) $135/yr.

Wetland systems (treat 5% of pond
volume)

.24 MGPD

Fish stocking rates 2,000,  4,000, 6,000 - 6 in. Fingerlings/acre
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Grow out weights 1.0, 1.5, and 2.0 pounds

Capital needs amortized at 9% interest/yr, based on life of capital
items, eg. water pumps over a 10-year period; aerators
over five years.

The system was designed to evaluate recycling by allowing partial drainage of all
watershed ponds annually and complete drainage every three years.  Levee ponds were assumed
drained once every three years.  Complete drainage every three years was based on work by Seok
(18) and Hollerman and Boyd (10) which indicated no water quality losses, but serious problems
with respect to predation by oversized fish and pond maintenance needs.  According to Seok,
within three years predation can become so severe that profits may be adversely affected.  Uneven
age fish stocks in a pond compound this particular problem and may lead to serious economic
losses which offset gains from continual rotation of fish stocks.  In addition, water and wave
action on pond levees causes sufficient damage over a three-year period to warrant maintenance
activity.

Waste Handling Systems

Water recycling as suggested by Pillay (16) Jensen (11) and Wellborn (22) and
constructed wetlands (bio-filter) as suggested by Gearheart (7) and Hebicha (9) were used as
treatment alternatives for the reduction of effluent discharged from commercial catfish ponds.

Data Sources

Costs for the simulation were derived from actual data obtained from the Alabama Fish
Farming Center in Greensboro, Alabama, Table 2. Estimated costs for recycling systems and
constructed wetlands were derived with assistance from personnel at the Fish Farming Center and
agricultural engineers and fisheries biologists at Auburn University.  Data from Crews et al. (6)
and Masser et al. (13) were used to develop production budgets for each activity.  Mixed Integer
Linear Programming (MILP) models were analyzed for each effluent reduction alternative.

Table 2.  Estimated Construction Cost Per Acre For Different Type 10-Acre Catfish Ponds and
Depths, West Alabama, 1988-1992.

Pond Type Depth Average Cost

feet dollars

One sided watershed pond (production) 10 11,530

One sided watershed pond (recycling) 13 14,760

Three sided levee pond 6 12,160
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Water Quality Standards and Taxes

BOD was used as an index of effluent quality reduction (2).  The standard, or maximum
limit of wastes a producer may be allowed to discharge, is measured as milligrams per liter of
BOD (mg/L).  Three different effluent discharge standards were evaluated; 0, 15, and 30 mg/L of
BOD.  There is little justification in mandating a zero discharge level since there is some
assimilative capacity in all waterways.  Obviously, if the cumulative effects of many dischargers
severely impact a receiving stream, then sharp reductions in waste loads may be the proper action
to return waters to acceptable quality levels.  Thus, a zero discharge level was tested to estimate
its impact on production.  In most instances some tolerance level, say 15 to 30 mg/L, would be
expected.  When a water treatment method was not sufficient to meet the standard, excess BOD
loads were considered subject to a tax.  For example, wetlands were considered able to absorb
only about 50-55 percent of the BOD load (7).  The remaining 45-50 percent of the BOD load
was subject to a possible tax.  An imposed standard of 15 mg/L would represent approximately 25
percent of the BOD load.  Thus, with a 15 mg/L standard, taxes would be levied on 75 percent of
the relevant discharge (the portion not absorbed by the wetland).

The impact of standards and taxes on the two different pond systems was further tested by
simulating alternative waste control methods.  These included pond water recycling systems,
constructed wetlands, and reduced stocking densities.  Overall, the full combination of alternatives
tested in this research included:

1.- imposition of standards for authorized levels of BOD discharged,
2.- imposition of taxes on units of BOD discharged above standards,
3.- use of a constructed wetland to reduce BOD concentration,
4.- use of a water recycling system,
5.- alternative stocking densities as a strategy to reduce pollutant levels of discharged

waters, and
6.- imposition of capital limitations to reduce risk as well as waste loads associated

with intensive production.

Production Conditions

Three stocking rates were tested under different feeding levels to reduce water quality
deterioration, as recommended by Cole and Boyd (5).  Cole and Boyd and Seok's (5, 18) results
were also used to relate stocking densities and feeding rates to water quality parameters,
specifically biochemical oxygen demand (BOD), Table 3. Wetland sizes, investment, maintenance
and annual costs to treat the last five percent of the effluent discharged from catfish ponds (9),
Table 4. The other 95 percent of pond water was considered acceptable for direct discharge into
receiving streams.

Alternative production strategies included three different fish sizes at harvest: 1, 1.5, and
2-pound fish.  Producing fish over 1.0 pound prolonged the production cycle to more than one
year and over-wintering cost were assumed.  The number of days in production was determined
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by ending weight, stocking density, feed conversion, and maximum daily feed.  Mortality rates
ranged from six percent for densities under 3,000 fish per acre to 13 percent when 6,000
fingerlings were stocked.  From a biological perspective, a maximum standing crop of fish in
Alabama ponds is about 7,000 pounds per acre.  Thus, mortality rates were increased as stocking
densities and harvest weights were raised so that a maximum standing crop of 7,000 pounds per
acre was maintained throughout the growing period.

Stocking fish at 5,000 to 6,000 fish per acre obviously involves much more intensive
production and waste management and considerable added risks.  Many farmers will not accept
these higher risk levels.  Thus, the analysis included capital constraints of 0, 25, and 50 percent of
capital needed for maximum profit, were tested.  Such a constraint effectively limited stocking
densities and subsequent effluent loads to levels which may be more acceptable to all but those
most prone to risk-taking.

Table 3.  Biological Oxygen Demand Concentrations For Different Catfish Stocking Densities and
Daily Feeding Rates.

Stocking Density (fish/acre) Feed Applied (lb/acre) BOD (mg/L)

2,000 55 50

4,000 75 55

6,000 95 60

Table 4.  Estimated Wetland Investment, Maintenance and Annual Cost For a 10-Acre Catfish
Pond, West Alabama, 1992.

Pond type Wetland size Investment
cost1

Maintenance
cost

Land
opportunity

cost

Total
annual

payment2

acres ------------------------------------dols-----------------------------

Watershed
pond

2.7 3,308 71 128 864

Levee pond 2.5 2,680 65 117 672

1 Investment costs for the two pond types differed because the total quantity of water varied
by pond type.  Specifically, the 5.0 percent of total water volume assumed to contain most
of the effluent differed from watershed to levee ponds.

2 Net returns above costs from catfish production foregone on 2.7 and 2.5 acres
respectively.
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Wetland System

Construction costs for wetlands depend on factors such as topography, labor, availability
of suitable vegetation, and equipment needs.  Land space for the construction of wetlands to treat
effluents from catfish ponds was assumed available.  Wetland construction and maintenance costs
reported by Hebicha (9) were adjusted for inflation.

Wetland size was simulated as being sufficient to treat five percent of the total pond
volume at a hydraulic loading rate equal to 0.24 million gallons per acre per day (MGAD).  Land
opportunity costs were based on Crews et al. (6), and indicates net return above variable cost to
land, labor, and management.  Total annual investment costs were amortized over five-years at
nine percent interest, with four payments per year.

Water Recycling System Costs

A recycling system for watershed ponds was assumed to include the construction of two
extended-levee (dam) watershed ponds 13-feet deep for water storage, assumed lowered to six
feet for harvesting purposes.  Following harvest, the ponds would be refilled with water
previously pumped to and stored in the deeper ponds, (Cole and Boyd, 5 and Crews, et al., 6). 
Since watershed ponds are built on sloping terrain, the cost of lifting water vertically was
calculated assuming a total dynamic head of 30 feet vertically plus a 10-foot head loss due to
water friction in pipes and valves was assumed.

Recycling for levee ponds was assumed to require construction of one extra pond.  Levee
ponds may not require drainage during harvesting activities for several years, but a well-managed
catfish pond would need full drainage periodically for pond maintenance and proper fish
management.  The elevation difference for a levee pond system is not as great as in watershed-
pond systems, but a recycling system will require moving water up and over levees, and along
pond banks.  Consequently, the total dynamic head for estimating pumping needs and costs was
based on a 20-foot vertical lift and a 10-foot head loss due to water friction in pipes and valves. 
An average of 10 days for pond draining, cleaning, and refilling was assumed for both systems.

Annual fixed costs for levee ponds included amortization payments, maintenance,
operating expenses, and an opportunity cost.  Opportunity cost was based on the alternative of
using the extra levee recycling-storage pond as a production pond (6).  All production ponds were
assumed to use the same water pump and storage pond for recycling purposes.

RESULTS

Initial Analysis

Baseline situations with no effluent reducing constraints such as taxes, standards, wetlands
or recycling were developed to show conditions as they may exist in some systems.  Thus, the
initial analysis evaluated (a.) watershed ponds drained every year, and levee ponds drained every
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three years, and (b.) both watershed and levee ponds drained every three years.  The initial
optimum resource use situation called for catfish to be stocked at a rate of 4,000 per acre in 12
watershed ponds.  A 2-pound fish should be harvested when the ponds were drained.  Net return
to fixed resources per 10-acre pond was $8,980, Table 5.

The baseline analysis provided a good indicator of income in situations where there are
few management constraints.  Also, a limited tax constraint would not significantly affect income
from fish production.  For example, a tax at the nominal rate of $5 per mg/L of BOD, and a
standard which allowed 30 mg/L discharge, a relatively low rate, would only lower income per
pond 1.4 percent.

Table 5.  Results of Optimal Resource Allocation for Catfish Production, No Constraints on
Production, By Risk Acceptance, No Tax or Effluent Standard Constraints, Nine Percent
Mortality Rate, Alabama, 1993.

Capital
available (pct)

Pond number
and type

Stocking
density

(fish per ac.)

Ending
weight
(lbs ea)

Price
(per lb)

Net revenue
(dol/10-ac.)

Risk Intensive:

100 12-watershed 4,000 2.0 0.65 8,980

100 12-watershed 4,000 2.0 0.60 5,500

100 12-watershed 4,000 2.0 0.55 6,465

100 12-watershed 4,000 2.0 0.46 0

Risk reduction

75 10-watershed
2-watershed

4,000
4,000

2.0
1.5

0.65
0.65

8,980
6,285

Risk averse:

50 7-watershed
5-watershed

4,000
2,000

1.5
1.0

0.65
0.65

6,285
500

Production Constraints

Risk

Capital available to achieve the optimum production was reduced by 25 and 50 percent. 
At a 25 percent reduction, the profit maximizing production system changed to allow the
production of 1.5-pound fish in two of the 12 watershed ponds and 2.0-pound fish in the
remaining 10 ponds.  Net returns to land, labor, and management were $6,285 or less per pond,
depending on fish size and stocking density, Table 5. Restricting capital needs to half of that
required for unrestrained optimum production revealed that risk averse farmers would favor lower
stocking densities for at least a portion of their operations, thereby reducing income.
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Taxes

If the BOD load of 55 mg/L level of wastes was unacceptable, taxes and standards were
used to provide incentive for waste reduction.  Initially, a tax of $5 per unit of BOD was imposed
to see if any of the waste reduction techniques being tested would become cost effective.  A tax at
this rate had no effect on waste reduction; it only lowered net income per pond by approximately
$275 (8,990-8,705), Table 6. Only when the tax was increased to $10 per unit of BOD did pond
water recycling become an efficient alternative to paying the tax.  If the tax were lower, farmers
would prefer to pay the tax, rather than incur the cost of installing the waste control measures
tested in this study.  In other words, farmers seeking to maximize profit should continue normal
production without reducing waste discharges unless the tax was at least $10 per mg/L of BOD. 
If that occurred, they should consider shifting to pond water recycling.  Because of the added
costs of recycling and taxes on any wastes discharged when ponds were actually drained (every
three years), net revenue per ten-acre pond fell by about $500.

Taxes, Standards, and Wetlands

Constructed wetlands are more expensive to develop and operate than other waste
management procedures considered.  Thus, none were feasible unless taxes were increased to an
exorbitant $185 per unit of BOD.  In that event, net revenues per pond were reduced by $1,610. 
Since wetlands only remove about half of the BOD load, approximately 25-30 mg/L of BOD
would remain after treatment and be subject to added taxation.  Under zero discharge, forcing
wetlands as the waste management technique caused income to fall by 18%, $1,610 per levee
pond, if ponds are drained every three years.  Note that the added cost of wetlands would initiate
a shift from watershed drained annually to levee ponds drained every three years.  Clearly
wetlands are the most expensive alternative.  Increasing the standard to 30 mg/L reduced income
37.5 % to $5,255.

Standards coupled with charges (tax) were shown to have significant effects on waste
reductions.  Yet, higher tax charges will be necessary to induce the desired effect.  For example,
when a standard of 15 mg/L of BOD was used in conjunction with a tax of $5 per unit of waste in
excess of the standard, a farmer harvesting 3,500 pounds of fish per acre could expect to pay a
charge of $0.008 per pound.  Increasing the standard to 30 mg/L would lower that cost to $0.005
per pound of harvested fish, Tables 7 and 8.

Increasing the tax rate to $10 per unit of waste, caused an increase in production costs of
$0.016 and $0.015 under the 15 and 30 mg/L standards respectively.  Income would be affected
differently because the higher tax would make water recycling feasible, thus partially offsetting the
added cost of the tax.
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Table 6.  Net Income for Risk Intensive Catfish Production, Optimal Solutions For Alternative
Effluent Standards and Tax Constraints, With Resulting Pond and Effluent Control Systems,
Alabama, 1992.*

Standard
Level

Tax per
mg/L

Stocking
Density

Ending
Weight

Pond system Effluent
control
system 1

Net income
per 10-acre

pond

mg/L
BOD

dol. fish per
acre

lbs.
Each

number and
type

type dol.

0 0 4,000 2.00 12-
watershed

none 8,890

0 5 4,000 2.00 12-
watershed

tax 8,705

10 4,000 2.00 12-
watershed

tax/recycle 8,360

185 4,000 2.00 12-levee tax/wetland 7,370

15 5 4,000 2.00 12-
watershed

tax 8,780

15 4,000 2.00 12-
watershed

tax/recycle 8,340

30 5 4,000 2.00 12-
watershed

tax 8,860

20 4,000 2.00 12-
watershed

tax/recycle 8,380

200 4,000 2.00 12-
watershed

wetland 5,615

700 4,000 2.00 12-levee tax/wetland 5,255

Risk intensive refers to operations for which there was an imposed no imposed capital
constraint.

1 Watershed ponds discharged annually and levee ponds discharged every three years.

CONCLUSIONS

The possible imposition of pond effluent controls in the future means that producers must
begin thinking about incurring additional costs to meet discharge requirements.  Since little direct
information is available evaluating decisions, this simulation procedure was based on a
compilation of data from several sources, including municipal waste disposal operations.
However, some fresh insights into the decision framework farmers may face were provided.

1. Fish pond waste do represent a cost of production which is being passed on to other water
users downstream.
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2. Water recycling was shown to be the least-cost treatment method.  However, producers
would not recycle water unless a tax of at least $10 per mg/L of BOD were levied.  If this
occurred, the optimum decision would be to stock fish at 4,000 per acre and grow them to
two pounds harvest weight.

3 . Watershed pond production systems are preferred over levees.  This conclusion portends a
trend away from the present popular move towards levee ponds.

4. Designing watershed pond systems to accommodate water recycling technologies will not
add greatly to the cost of production for new developments.  Retrofitting existing ponds
may be less efficient, but still should be cost-effective.

5. Levee pond construction and recycling systems were relatively more expensive than
watershed ponds.  Part of the added cost is derived from the need to construct a separate
pond for water handling needs.

6. Differences in cost based on pond drainage dates were not significant, although, draining
ponds annually did increase costs of production by about $130 per pond.

7. The more risk averse a producer is, the lower the income that may be expected.  Increased
risks, when successful, generally always are rewarded with greater incomes.  Individual
farmers must decide the maximum losses they can afford and produce accordingly.

8. Combining standards with charges (tax) appears to be the least costly alternative for
internalizing catfish production effluents.  Presently, estimated effluent loads based on
stocking rates, feeding, and harvest weights seem to be sufficient for regulatory purposes.
 More direct restrictions such as metering pond outfalls may be cost prohibitive.

9. The imposition of effluent taxation will cause an increase in the firm's variable cost, which
in turn may force some more inefficient operations to exit the industry.  This alone will
reduce the aggregate effluent discharge from the industry.  More efficient producers likely
will adopt waste control technologies.  Results support the theoretical position that
taxation may provide a reasonable incentive to internalize the externalities in aquaculture.

Table 7.  Net Income for Risk Neutral Catfish Production, By Effluent Standard and Tax
Constraints, With Resulting Pond and Effluent Control Systems, Alabama, 1992.

Standard
Level

(mg/L)

Tax per
mg/L

Stocking
Density

(no.)

Ending
Weight
(lbs.)

Pond number
and type

Effluent
control
system 1

Net income
per 10-acre
pond (dol)

0 5 4,000 2.00 10-watershed tax 8,705

5 4,000 1.50 2-watershed tax 6,010

25 4,000 2.00 10-watershed tax/recycle 8,080
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Standard
Level

(mg/L)

Tax per
mg/L

Stocking
Density

(no.)

Ending
Weight
(lbs.)

Pond number
and type

Effluent
control
system 1

Net income
per 10-acre
pond (dol)

25 4,000 1.50 2-watershed tax/recycle 5,385

175 4,000 2.00 10-watershed tax/wetland 6,480

175 4,000 1.50 2-watershed tax/wetland 3,280

15 5 4,000 2.00 10-watershed tax 8,340

5 4,000 1.50 2-watershed tax 6,085

15 4,000 2.00 10-watershed tax/recycle 8,340

15 4,000 1.50 2-watershed tax/recycle 5,645

75 4,000 2.00 12-levee tax/wetland 3,730

30 5 4,000 2.00 10-watershed tax 8,160

5 4,000 1.50 2-watershed tax 6,160

15 4,000 2.00 10-watershed tax/recycle 8,413

15 4,000 1.50 2-watershed tax/recycle 5,910

30 4,000 2.00 10-watershed tax/wetland 8,115

30 4,000 1.50 2-watershed tax/wetland 5,420

Table 8.  Net Income for Risk Averse Catfish Production, Optimal Solutions for Alternative
Effluent Standards and Tax Constraints, With Resulting Pond and Effluent Control Systems,
Alabama, 1992.

Standard
Level
(mg/L
BOD)

Tax per
mg/L
(dol.)

Stocking
Density
(fish/ac.)

Ending
Weight

(lbs.
ea.)

Pond system
(number/type)

Effluent
control
system 1

(type)

Net
income
per 10-

acre pond
(dol.)

0 5 2,000 2.00 2-watershed tax 2,200

5 4,000 1.50 6-watershed tax 6,010

5 2,000 1.00 4-watershed tax 850

25 2,000 2.00 2-watershed tax/wetland 1,205

25 4,000 1.50 6-levee tax/wetland 4,770

25 2,000 1.00 4-watershed tax/wetland 750

15 5 2,000 2.00 2-watershed tax/recycle 2,195

5 4,000 1.50 6-watershed tax 6,110

5 2,000 1.00 4-watershed tax 920

75 2,000 2.00 2-watershed tax/recycle 1,377

75 4,000 1.50 6-levee tax/recycle 4,650
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Standard
Level
(mg/L
BOD)

Tax per
mg/L
(dol.)

Stocking
Density
(fish/ac.)

Ending
Weight

(lbs.
ea.)

Pond system
(number/type)

Effluent
control
system 1

(type)

Net
income
per 10-

acre pond
(dol.)

75 2,000 1.00 4-watershed tax/recycle 690

150 4,000 1.50 7-levee tax/wetland 3,950

150 2,000 1.00 5-levee tax/wetland 250

30 5 4,000 1.50 7-levee tax 6,160

5 2,000 1.00 5-watershed tax 775

20 2,000 2.00 2-watershed wetland 1,830

20 4,000 1.50 6-levee tax 1,450

20 2,000 1.00 4-watershed wetland 258
*  Risk averse refers to operations for which there was an inposed 50% capital constraint.
1 Watershed ponds discharged annually and levee ponds discharged every three years.
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Using Cash Flow Analysis in Recirculating Aquaculture

Patricia Farish Lacey
Extension/Sea Grant Specialist

Seafood Business and Economics
Virginia Tech Seafood Research and Extension Center

Hampton, Virginia

The Structure of a Cash Flow Statement

For almost every business, aquaculture, industrial, service or otherwise, cash-flow analysis
is the single most important financial exercise you will undertake.  Think of it this way:  if you
can’t pay your bills, your employees, and even yourself, you aren’t going to remain in business
very long, and will probably have trouble sleeping at night.  There are two types of cash-flow
statements you will need to prepare and review regularly.  The first is a projected cash-flow
statement, which (hopefully) foretells what is to transpire in a set period of operations in the
future.  The second is a historical cash flow statement, which tells the cash history of a business
for a set period of time.

A cash flow statement, for all its importance, is the easiest financial statement to prepare,
even for beginners.  It is a very simple concept: money in, less money out, equals money left over.
 The questions, and what difficulty most entrepreneurs have with the statement, is what to put
where on the statement.  Lets start by examining the parts of the statement.

Table 1
Sources of Cash (Cash in)

ITEM EXPLANATION
Cash Sales Sales made for immediate payment

Collections Money received for prior sales

Loan Proceeds Money from loans of any type

Interest Income Income from interest bearing checking,
investments, etc.

Other Any other cash into business

Cash sales in projected statements is simply the quantity (pounds) of fish multiplied by the
sales price you expect to receive.  Collections is calculated much the same, with the exception of
known back receivables at a set price.  Loan proceeds is the net (of fees, closing costs, etc,)
amount of money to be placed in the company account.  Interest income can be from loan
proceeds, reserves, etc., that may be in a interest earning account.  Other is a catch all, for money
coming into the business that meets no other formal, regularly occurring entry. (If an item occurs
regularly, you should create an appropriate entry in the cash flow statement for it.)
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These are usually placed on the spreadsheet and then subtotaled for easier reading so that
they look like this:

Table 2
New Aquaculture, Inc.
Cash Flow Statement for July 1996

Cash Sources JULY

Cash Sales 450

Collections 300

Loan Proceeds

Interest income 50

Other

Total, Cash In 800

The second section of the cash flow statement details expenditures.  Here, we have
created large categories that are often divided, to give more detail about the flow of money from
the business.  The general categories are:

Table 3
Uses of Cash

Cash Expenditures

Operating Expenditures All expenditures for operations, less
depreciation, since it is not a cash item

Debt Expenditures All payments for debt for the business

General and Administrative/Other All administrative expenditures not directly
related to production, Items bought for cash,
etc.

Owner's Draw If the owner is not salaried and covered in
administrative or operating expenses with
other salaries, this shows here

Total, Cash Out
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Operating expenditures may be divided into subcategories, and in other than a summary
financial statement, this is preferred.  Examples of items that might merit their own “row” in the
statement include fingerlings, feed, freight, water supplies, direct labor, laboratory supplies,
oxygen and other chemical needs, repairs and maintenance, and utilities, among others.  Debt
expenditures includes all debt payments made on loans to the business.  These can be capital,
construction, operating and other miscellaneous loans.  Often, principal and debt are separated
into separate “rows” on the spreadsheet, as they become separate issues in other financial
statements and taxes.

This section would be added after the original, Cash in section, as follows:

Table 4
New Aquaculture, Inc.
Cash Flow Statement, July 1996, Continued

CASH EXPENDITURES

Operating Expenditures 350

Debt Expenditures 200

General Administrative and Other
Expenditures

100

Owner’s Draw

Total, Cash Out 650

The last section is dedicated to the cash position, based on the month's operations and also on the
carryover of cash from previous periods.

Table 5

CASH POSITION

Cash Position This is the sum of the cash in items minus the
sum of the cash out items

Beginning Cash Balance This is how much cash was on hand at the
beginning of the accounting period the
statement was prepared for

Closing Cash position This is the sum of the Cash Position and
Beginning Cash Balance. It is how much
money is left at the end of the accounting
period.
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Cash position represents just the effect of that period's operations (cash left over).  It does
not take into account cash in the bank that you might have to pay bills.  The beginning cash
balance is the closing cash position from the last operating period or the cash you have on day
one, if this is a start up business.  The closing cash position is all the cash left over from that
period's operation (cash position) plus the beginning cash balance.  It also becomes next period's
beginning cash balance.

The last section of the spreadsheet would look like this:

Table 6
New Aquaculture, Inc.
Cash Flow Statement, July 1996, Continued

ENDING CASH POSITION

Cash Position from Operations, July 150

Beginning Cash Balance 450

Closing Cash Position 600

These three sections are put together to form a cash flow statement, usually incorporating more
than one month, quarter or year.  The decision to use “boxes” or a grid is a personal one.

Most accountants do not use them, so it is often best not to use them in statements to be shared
with outside interests such as banks, investors, etc.

Table 7
New Aquaculture, Inc.
Cash Flow Statement, July-September 1996

July August September

Cash Sources

    Cash Sales 450 400 550

    Collections 300 250 100

    Loan Proceeds

    Interest Income 50 50 50

    Other 20
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July August September

Total Cash In 800 700 720

Cash Expenditures

    Operating Expenditures 350 325 450

    Debt Expenditures 200 200 200

    General, Administrative and Other Expenditures 100 120 150

    Owner’s Draw

Total Cash Out 650 645 800

Ending Cash Position

    Cash Position, July 150 55 (80)

    Beginning Cash Balance 450 600 655

Closing Cash Position 600 655 575

Building a Cash Flow Statement

Historical cash flow statements come directly from your financial records (bookkeeping)
system, so, they are easier to prepare than proforma (projected) statements.  When projecting a
cash flow statement for future operations, a common question is where do the numbers come
from?  Basically, each line on your statement must be researched and documented to the best of
your ability.  For instance, sales or income numbers must be a realistic reflection of sales quantity
multiplied times price.  Realistic in the sense that your system, operated in your normal fashion,
less mortality, should be able to produce the amount of fish that you use.  Realistic in the sense
that the market price is in line with historical, current and projected market prices.  The same
must be true of each line in the statement that is not calculated based on other numbers.  Certain
numbers are set, such as your loan payments, etc.  Others will require that you do a little work. 
When including financial statements in a document that will go to outsiders, a document
explaining terms, often called “Notes to accompany financial statements” needs to be prepared.  It
should explain what each category is and any things like price per pound, interest rates, terms of
loans, etc. that help the outsider understand that these numbers are your best documented effort.

For a business plan/feasibility study, the cash flow statement usually has the first year of
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operations document monthly, the second and third years quarterly and subsequent years
documented annually.  Each (except, of course the annual) statements have a summary column
totaling the year.  A typical, quarterly statement, looks like this:

(Please note: these numbers do not reflect any currently operating or potential future business. 
They are fictitious, to make a demonstration.)

Table 8
New Aquaculture, Inc.
Proforma Cash Flow Statement, 1997

QTR 1 QTR 2 QTR 3 QTR 4 Total
1997

SOURCES OF CASH

    Cash Sales 180,000 225,000 244,125 649,125

    Collections

    Loan Proceeds

    Interest Income

Total, Cash In 0 180,000 225,000 244,125 649,125

CASH EXPENDITURES

Operating Expenditures

    Feed 46,490 57,326 53,952 52,798 210,566

    Fingerlings 13,680 13,680 6,840 13,680 47,880

    Loan 15,000 15,000 15,000 15,000 60,000

    Repair/Maintenance 450 450 450 450 1,800

    Utilities 9,500 9,500 9,500 9,500 38,000

    Chemical Supplies 7,500 8,000 8,000 8,000 31,500

    Laboratory 350 350 350 350 1,400

    Oxygen 5,000 5,000 5,000 5,000 20,000

    Direct Labor 17,000 17,000 17,000 17,000 68,000
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QTR 1 QTR 2 QTR 3 QTR 4 Total
1997

Sub-total Operational
Expenditures

114,970 126,306 116,092 121,778 479,146

General and Administrative Expenditures

    Indirect Salaries 20,500 20,500 20,500 20,500 82,000

    Travel 1,200 1,400 1,200 1,000 4,800

    Insurance 3,000 3,000 3,000 3,000 12,000

    Taxes/Lic. 450 450 450 450 1,800

    Telephone 800 800 800 800 3,200

    Office Supplies 200 200 200 200 800

    Postage 225 225 225 225 900

    Printing 300 300 300 300 1,200

    Accountant/bookkeeper 1,000 1,000 1,000 1,000 4,000

    Miscellaneous 3,000 3,000 3,000 3,000 12,000

Sub-total G & A Expenditures 30,675 30,875 30,675 30,475 122,700

Total Expenditures 145,645 157,181 146,767 152,253 601,846

ENDING CASH POSITION

    Cash Position for Quarter (145,645) 22,819 78,233 91,872 47,279

    Beginning Cash Position 50,000 (95,645) (72,826) 5,408 (113,063)

    Closing Cash Position (95,645) (72,826) 5,408 97,279 (65,783)

   

Using a Cash Flow Statement

A cash flow statement is one of the most versatile, useful tools the manager can employ. 
Historical cash flow statements can be compared to projected statements for the same period to
learn where projections can be improved so that further forecasts can be made more accurate. 
Both historical and proforma statements can be used to plan for future operations.  Once a
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statement is done, you have a written document detailing the resources, financial and otherwise,
that you will need for the forecasted periods.  These statements, in conjunction with other
financial statements and documentation are also an integral part of reporting to investors, applying
for a business loan, etc.  Many of the numbers used in the cash flow statement are either directly
or indirectly used in other statements you will need to prepare.

One use for cash flow statements is determining whether you need further operating
capital (i.e. you have a negative closing cash position and cannot pay your bills for a period).  If
you look at the cash flow statement in Table 8, you will notice that this is exactly the problem.  At
the end of quarters 1 and 2, there are negative closing, cash positions. ($95,645 and $72,826,
respectively.) This most likely would shut the doors of a new venture, so operating capital must
be found.  This can come from loans, owners or investors, among other sources.  By looking at
the closing cash position, we know that at least $95,645 is needed, since this is the highest deficit.
 But you must take into consideration, particularly if the infusion is to be an operating loan (or
any other type of loan), that not only do you have to cover the deficit, but pay back the loan,
which becomes a new line in the expenditures category.  The simplest way of determining how
much of a loan you need, without getting into that nasty “higher math” is to simply plug numbers
into the cash sources section until you find the smallest, reasonable number that eliminates
deficits.  Often, it is prudent to add ten percent or so to that just to cover forecasting errors.

In the following cash flow statement, Table 9, a $100,000 operating loan and payback has
been incorporated.  Notice that this shows up as loan proceeds in the sources of cash section, as
well as a new line “Loan, Operating” under the cash expenditures section.  There is still a period
deficit (cash position for quarter 1), however, combined with the beginning cash position, all bills
can be paid.

Table 9
New Aquaculture, Inc.
Proforma Cash Flow Statement, 1997

QTR 1 QTR 2 QTR 3 QTR 4 Total
1997

SOURCES OF CASH

    Cash Sales 180,000 225,000 244,125 649,125

    Collections

    Loan Proceeds 100,000 100,000

    Interest Income

Total, Cash In 100,000 180,000 225,000 244,125 749,125
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QTR 1 QTR 2 QTR 3 QTR 4 Total
1997

CASH EXPENDITURES

Operating Expenditures

    Feed 46,490 57,326 53,952 52,798 210,566

    Fingerlings 13,680 13,680 6,840 13,680 47,880

    Loan, Operating 3,800 3,800 3,800 3,800 15,200

    Loan, Facility, Start-up 15,000 15,000 15,000 15,000 60,000

    Repair/Maintenance 450 450 450 450
7
1,800

    Utilities 9,500 9,500 9,500 9,500 38,000

    Chemical Supplies 7,500 8,000 8,000 8,000 31,500

    Laboratory 350 350 350 350 1,400

    Oxygen 5,000 5,000 5,000 5,000 20,000

    Direct Labor 17,000 17,000 17,000 17,000 68,000

Sub-total Operational
Expenditures

118,770 130,106 119,892 125,578 494,346

General and Administrative Expenditures

    Indirect Salaries 20,500 20,500 20,500 20,500 82,000

    Travel 1,200 1,400 1,200 1,000 4,800

    Insurance 3,000 3,000 3,000 3,000 12,000

    Taxes/Lic. 450 450 450 450 1,800

    Telephone 800 800 800 800 3,200

    Office Supplies 200 200 200 200 800

    Postage 225 225 225 225 900

    Printing 300 300 300 300 1,200

    Accountant/bookkeeper 1,000 1,000 1,000 1,000 4,000

    Miscellaneous 3,000 3,000 3,000 3,000 12,000

Sub-total G & A Expenditures 30,675 30,875 30,675 30,475 122,700
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QTR 1 QTR 2 QTR 3 QTR 4 Total
1997

Total Expenditures 149,445 160,981 150,567 156,053 617,046

ENDING CASH POSITION

    Cash Position for Quarter (49,445) 19,019 74,433 88,072 132,079

    Beginning Cash Position 50,000 555 19,574 94,008 164,137

    Closing Cash Position 555 19,574 940,008 182,079 296,217

Another planning use for cash flow statements is called “what-if” analysis.  This is used to
analyze, in advance, the impact of a number of things not going quite the way you forecasted
them to.  Basically, you incorporate these into the statement and look at the impact on your
closing cash position, to see if they represent a problem.  In Table 10, below, a couple of what-ifs
have been incorporated.  Fish prices were ten percent below the original forecast and feed prices
were twenty percent above the forecast.  As you can see, this has a negative impact on the
business's ability to pay bills in quarters 1 and 2. If we had done this before we decided on the
$100,000 operating loan for Table 9 above, we might have increased the loan amount to have a
bit of reserve.  This process can be repeated for many variables (row items) in the forecast, not
only to determine what the potential impact is, but to discriminate among items to find the most
sensitive ones.  This will give the manager an idea of things that might deserve closer scrutiny
over the course of time.

Table 10
New Aquaculture, Inc.
Proforma Cash Flow Statement, 1997

QTR 1 QTR 2 QTR 3 QTR 4 Total
1997

SOURCES OF CASH

    Cash Sales 162,000 202,500 219,713 584,213

    Collections

    Loan Proceeds 100,000 100,000

    Interest Income



11

QTR 1 QTR 2 QTR 3 QTR 4 Total
1997

Total, Cash In 100,000 162,000 202,500 219,713 684,213

CASH EXPENDITURES

Operating Expenditures

    Feed 48,480 68,791 64,742 63,358 245,371

    Fingerlings 13,680 13,680 6,840 13,680 47,880

    Loan, Operating 3,800 3,800 3,800 3,800 15,200

    Loan, Facility, Start-up 15,000 15,000 15,000 15,000 60,000

    Repair/Maintenance 450 450 450 450 1,800

    Utilities 9,500 9,500 9,500 9,500 38,000

    Chemical Supplies 7,500 8,000 8,000 8,000 31,500

    Laboratory 350 350 350 350 1,400

    Oxygen 5,000 5,000 5,000 5,000 20,000

    Direct Labor 17,000 17,000 17,000 17,000 68,000

Sub-total Operational
Expenditures

120,760 141,571 130,682 136,138 529,151

General and Administrative Expenditures

    Indirect Salaries 20,500 20,500 20,500 20,500 82,000

    Travel 1,200 1,400 1,200 1,000 4,800

    Insurance 3,000 3,000 3,000 3,000 12,000

    Taxes/Lic. 450 450 450 450 1,800

    Telephone 800 800 800 800 3,200

    Office Supplies 200 200 200 200 800

    Postage 225 225 225 225 900

    Printing 300 300 300 300 1,200

    Accountant/bookkeeper 1,000 1,000 1,000 1,000 4,000
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QTR 1 QTR 2 QTR 3 QTR 4 Total
1997

    Miscellaneous 3,000 3,000 3,000 3,000 12,000

Sub-total G & A Expenditures 30,675 30,875 30,675 30,475 122,700

Total Expenditures 151,435 172,446 161,357 166,613 122,700

ENDING CASH POSITION

    Cash Position for Quarter (51,435) (10,446) 41,143 53,100 32,361

    Beginning Cash Position 50,000 (1,435) (11,881) 29,261 65,945

    Closing Cash Position (1,435) (11,881) 29,261 82,361 98,306

General Advice on Preparation of Financial Statements

Certainly, preparing historical and proforma financial statements can be very beneficial to
the manager of a business.  Some guidelines include:

Be conservative.  Do not present the best possible scenario.  Lenders will see through it and you
are only fooling yourself by not painting the most expected performance.  Your credibility with
outsiders will be diminished.

Avoid creativity.  Use standard financial formatting and terms, lest you look inexperienced to
financial sources.

Practice honest.  Experienced financial reviewers will sense manipulated or dishonest figures.
You may be asked to further clarify your calculations and not be able to do so.

Follow your industry’s practices.

Get your accountant's advice.

Practice consistency.  Otherwise, comparing this year’s financials with next years will be like
comparing “apples and oranges.”
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Marketing Fish and Shellfish Products Grown
in a Recirculating Aquacultural System (RAS)

Charles W. Coale, Jr.
Professor

Department of Agricultural and Applied Economics
Virginia Polytechnic Institute and State University

Introduction

Entrepreneurs pursuing aquacultural ventures must establish effective business management
programs for achieving sustainable operations.  Aquacultural marketing efforts draw heavily on
business management tools to coordinate a profitable aquacultural marketing program for
recirculating aquacultural system (RAS) production.  In most instances, the marketing of
products from a RAS will be affiliated with direct ownership or with a joint venture.

The RAS demands the application of disciplined management methods because of its dynamic
operating characteristics.  A business management theme will be emphasized throughout the
document because of the critical decisions made about aquacultural marketing, and the RAS.
The marketing of RAS products can be enhanced by applying the business management
applications -- planning, organizing, directing, controlling, and coordinating -- to the process.
When managers implement well-conceived plans, functional management components become
the foundation for successful aquacultural business ventures.  Planning for an aquacultural
business venture involves developing a futuristic mission and vision, clearly enumerating
strategic and tactical objectives, and devising a plan of action which includes budgeting financial
resources.  Organizing the RAS enterprise is to utilize resources such as personnel, finances, real
property, and technology, in the most efficient manner.  Directing by management assigns tasks
based on stated business goals and objectives.  These tasks are related to employer-employee
responsibility, authority, and accountability.  Controlling provides procedures for evaluating the
results and for taking remedial action where necessary to correct any discrepancies between
goals and results.  The final step, coordination, is extremely important if the first four steps are
inadequately managed.  However, it loses its importance if the previous steps are well thought
out and followed.  Coordination serves to adjust tasks so that problems arising from
inconsistencies are mitigated.

Fish consumption dates back more than 2,000 years, which suggests that fish marketing practices
are well established.  RAS, however, is a new way of producing the fish.  Consequently, a new
method for marketing may be more appropriate than the existing ones.  Managers using
innovative marketing techniques have the opportunity to integrate production and marketing
decisions that can result in helping the RAS be profitable.

This aquaculture conference features documented successes and failures in the RAS program.
The business plans and management symposium features production, marketing, business
methods and techniques, and community development analyses.  Accordingly, this marketing
manuscript will highlight the barriers we must overcome.  The market research citing successes
give us direction about orderly developing the RAS industry.  Given the importance of
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coordinating marketing needs with RAS products, industry managers must establish certain
priorities for marketing programs.  A review of literature and observed examples provide the
basis for the concerns and successes.  The RAS industry is still in the formative stages and data
is limited.  Developing a total system approach and following good management practices will
strengthen the potential for firm profitability and growth.

The fish and shellfish market

The retail market share for seafood products amounted to almost $35 billion and fish used for
industrial purposes added another $230 million to the total fish market sales in 1992 (Fisheries of
the United States).  In the retail sector, buyers purchase large quantities to repackage in
significantly smaller units and distribute to individual stores.  If RAS managers are interested in
serving these markets, they will need adequate production capacity and a compatible product for
the retail market.  However, different requirements might exist for other niche markets.

In a recent article about food in supermarkets, Jack Hitt described customer experiences in a
Super Stop and Shop Market located in the Northeast (Hitt, 1996).  The article emphasized the
ideas of “fresh” and from “around the world” with a “bewildering [list of] choice [s].  “ In a
discussion about fish marketing, Hitt notes that “each fillet of mahi mahi [will be] individually
wrapped.” He illustrates the many choices of substitute products for quality dining . . . a cooler
over flowing with cheeses from every valley. . . 75 hooks with different cheese options . . . all
treated to maintain freshness.” To embellish the product offerings, supermarket managers have
introduced into the shopping environment three enhancements--music, color, and lighting.  The
retailer brings together all the available marketing tools to promote the values of the products
merchandised and enhance the shopping experience for customers.  Hitt's message is clear: he
challenges the RAS operator to provide products to consumers that meet the standards of
competing products with product quality, freshness, packaging, and value for the food dollar.

Both supermarkets and food service operators emphasize customer service in developing their
fish and shellfish marketing programs.  The merchandising trend in retail supermarket seafood
departments is to provide customers with service oriented programs which offer more fish and
shellfish product assortments that are cooked and ready-to-eat.  This trend toward customer
service puts more responsibility on the retailers, food service operators, and suppliers to maintain
seafood quality and safety.  More thought, communication, and coordination by the trade in
product selection, processing, packaging, distribution, and quality control at the producer-
distributor level will be required.  By effective planning, RAS operators can make better
marketing decisions to more effectively serve their customers.

Producing fish and shellfish that is marketable

Many marketing alternatives are available to RAS producers.  The RAS marketing alternatives
include distributing edible food products to households, processors, caterers, retailers, and food
service.  But, these alternatives are not necessarily the only viable ones.  Providing live fish
stocks to other aquacultural production or fee-fishing programs can be done along with or in
place of the food products.  Mathematical programming models (for example, linear
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programming, spreadsheet, etc.) can be used to assist the RAS operator in determining the best
use of resources in selecting appropriate marketing alternatives.

While mathematical programming models produce informative results, they often require
considerable amounts of data and are often time consuming and costly.  An alternative to these
models is a matrix used to evaluate a niche market.  During market development, four variables
are used: price, product mix, promotion, and place (Jolly, 1993).  The niche marketing budget
consists of revenues generated from sales; marketing costs consists of production expenses,
promotion, expenditures and distribution costs (Shaw, 1990).  Profit is estimated by subtracting
costs from revenues.

The niche marketing concept, as applied to fish and shellfish, was first discussed by Dr. Jim
Daniels, Food Technologist, Mrs. Paul's Kitchens, a Campbell Soup Company subsidiary.
During 1984, Dr. Daniel presented his lecture at a Seafood Product Development Workshop
sponsored by Virginia Cooperative Extension and Virginia Sea Grant.  His niche market matrix
shows the options for serving customers.

A niche marketing matrix

Price Product mix Promotion Place

Low Live In store Local

Medium Raw Newspaper Regional

High Prepared Magazines National

The price variable consists of setting a target price that will cover total production and marketing
costs, and provide a profit.  In a niche market, fish species have a value price range of low,
medium, and high.  The price of fish is set in the market based on competing products.  The RAS
producer receives the residual from the market after all marketing costs have been deducted.  The
marketing costs include services of all middle-handlers: customer selling agent, distribution
agent, transportation agent, and seafood processor.  The more handlers in a market, the smaller
the revenue (price) returned to the RAS operator because each handler incurs costs and lowers
the revenue available to the RAS operator.  A test-marketing case illustrated the revenues
generated by the consumer marketer and the cost incurred by each economic sector, distribution,
processing, and producer (Coale, et. al.). A RAS pilot production plant supplied the fish for the
market test.  The producer revenues amounted to $2.99 per pound for whole gutted fish
compared to $0.30 per pound for fillet fish.  These estimates show the relative differences in
profitability for alternative products.

The product mix variable consists of a matrix of tasks and costs.  The matrix includes procuring
or rearing fish species, feeding, providing production inputs, preparing for market, and providing
packaging services.  A production budget provides estimated total costs for each production
cycle.  During the early 1990s, a harvesting ban was imposed on Chesapeake Bay striped bass.
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Aquacultural producers hoped to transfer the demand for striped bass to a close substitute, hybrid
striped bass.  Striped bass was typically sold as a whole fish in the retail market.  In a case study
test-market, the hybrid striped bass was harvested from a RAS and marketed as a whole gutted
and filleted fish in the Baltimore market.  A hybrid striped bass information poster was
positioned at the test site to explain the attributes of the new product.  For hybrid striped bass, the
study showed that whole gutted fish were more profitable than filleted products.  However, the
trends show that future customers will probably buy filleted products.

The promotional variable consists of industry wide and firm-oriented efforts to promote
aquacultural products.  The catfish industry has the most intensified effort for product promotion
and development.  The catfish processing industry conducts marketing research and advertising
campaigns and develops point-of-purchase materials.  This information is supplemented by in-
store cooperative efforts by individual firms and cooperating retailers such as point-of-purchase,
in-store bag stuffers, and product tasting samples.

The place variable is a geographical location.  Data developed from a market niche target
customers located in a: local, regional, national, or international market.  In a regional market
for example, a RAS operator may target only to operators of independent retail stores in the
Commonwealth of Virginia.  Under this geographical strategy, a defined number of customers
make up the merchant list to target.  A dialogue between the RAS manager and the retail trade
will define niche market aspects.  Adequate communication among market purchasing agents
and RAS suppliers is essential for industry survival and development.  The communications
process identifies changes in the market for customer and producer.  RAS operators supplying
product within a given market must be responsive to customer demands.  The RAS industry
may find a more profitable marketing opportunity in a local (smaller volume) niche market
such as specialty shops or product sales at a RAS site.  These niche markets may be confined to
smaller food industry firms, defined by a regional boundary or some other defined economic
characteristics.

RAS marketing concerns

The concerns expressed itemize potential marketing problems that create barriers in developing
a RAS program.  The RAS production system provides fish and shellfish for a very competitive
market.  RAS products provided for the market compete with imported fish, indigenous fish,
and other substitute food products.  The RAS products will have greater leverage and will offer
more marketing options if they are competitively priced.  Several marketing concerns are
identified.

Risk factors. The RAS operator faces two risk factors: price and production (Lipton).  These
factors combine to affect the profitability of the business.  The competitive market for fish and
shellfish products offers a market risk based on price variations.  The unit cost variation
provides a production risk to the firm based on its ability to control costs.  Production risk is
increased by potential fish kills resulting from the narrow tolerances of the RAS.  Fish
mortality occurs quickly with a malfunction of the RAS.
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Unit production cost.  Factor inputs, such as formula feeds, energy, oxygen, labor, facilities,
and equipment, may result in higher production costs than alternative systems (for example
wild-caught fish) according to a 1993 study.  Competitively set market prices for product and
relatively high production costs can combine to apply pressure to RAS profit margins.  Input
costs tend to increase based on the market supply of feed stuffs, fingerlings, energy, labor, and
so forth.  For example, feedgrain prices, so far during 1996, have reached record high levels.
Corn prices have exceeded historical highs of $4.24 per bushel.  Since many rations consist of a
feedgrain base, the result is higher feed cost for a RAS operator.

Muscle tissue yields.  Because of the muscle tissue and structural composition of most fish and
shellfish, the RAS operator is faced with the problem of recovering enough edible tissue to
cover the costs of inputs into the production of the fish.  In recent research findings, the edible
fillet tissue of hybrid striped bass averaged about 23 percent of the total weight of the fish.  If
the fish cost $1.00 to produce and produces a yield of 23 percent, the production value of the
fillet at the RAS site is $4.35. When the marketing costs have been added to the production
costs, an adequate RAS profit margin will be difficult to achieve.  With 77 percent non-edible
tissue remaining after processing marketable fillet tissue, the RAS operator incurs additional
cost for disposing of the waste product.

Price-taker economics.  RAS operators can easily become price-takers rather than price--
makers.  Oversupply or reduction in prices for substitutes or competing products or both can
easily have a negative impact on RAS product prices.  In the seafood display case, RAS
products compete against other aquacultural products, imported products, and products from
the “wild catch.” For a typical full-service seafood department, a seafood manager will
merchandise about 35-40 products (Marketing video).  Most fish and shellfish products are sold
as whole fish, raw fillets, cooked, and ready-to-eat products.  Customers make choices based on
their previous product knowledge, the recommendation of the department operator, or the
visual appeal of the product of choice.  When customers are unfamiliar with the new products,
slow product movement may cause the price to be discounted, and may result in lower prices
for future orders.

Undifferentiated products.  In full-service seafood departments, current retail merchandising
methods for fish and shellfish make product differentiation difficult for the aquacultural
producer.  Retail marketers feel their seafood departments give their customers better service
and products by displaying products by species name only not by producer origin.  RAS
products are merchandised in a display case on ice with other fish and fish products.  The RAS
products compete with other products on visual cues and previous information that customers
understand.  Any quality and safety attributes encompassed in aquacultural products may not be
obvious to consumers of a full-service seafood department.

Price and supply.  Market timing can be a concern or an advantage depending on the
availability of supplies.  If adequate market information is not available and the RAS deliveries
cannot be coordinated with the competing products, negative price effects will be felt by RAS
operators.  Large supplies of “wild catch” entering the market with characteristics similar to the
aquacultural products can reduce prices significantly.  RAS operators do have limited
flexibility to hold their products in a live-state until market conditions match desired price
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requirements.  If the RAS operator can manage market timing, RAS products may command
higher price levels in the market.  Prices of generic products tend to fall rapidly with greatly
increased supplies of the wild-caught products with similar edible characteristics coming on the
market.

Profit margins.  Profit margins accrue to each seafood handler in a marketing channel.  Smaller
profit levels are available for a RAS producer as the number of handlers in a channel increase
in number.  Studies show handlers include market outlets, processors, physical distributors, and
producers in a typical market channel.  The retail food industry groups set high profit objectives
for in-store units to cover their costs.  The RAS producer receives a product price after all other
handlers are paid.

Product development.  The market for aquacultural products could be improved by developing
new products to compete with indigenous fish, imitation seafood products and other substitute
muscle food products (meat and poultry).  The catfish industry has taken steps to improve
products by ration improvement and adding flavor choices to the catfish fillets.  As new
products are developed they must find a niche in the market if they are to survive.

Promotion.  Much of the significant quality and safety value of aquacultural products is not
captured in the traditional marketing channels.  Fish products displayed in full-service
departments sell based on price and not on their quality, freshness, safety, and other marketable
characteristics.  The RAS operator can emulate the Virginia wine industry for promotional
ideas.  The Virginia wine industry has promoted wine sales to tourists visiting the
Commonwealth.  The industry has posted attractive signs promoting each winery location.  By
making the RAS a consumer friendly market outlet, customer visits to the RAS could develop
significant on-site sales by in-house promotions, product demonstrations, tasting, and recipe
books.  The product species could be clearly identified, priced in a competitive manner, and its
quality and safety features promoted.

Distribution.  The distribution of products can be a significant cost if not managed effectively.
A balance should be struck among loading factors, frequency of delivery, and customer
location.  Quality of the RAS products is of a concern in the distribution system because after
producing a quality product it must be maintained.  For live haul, tank conditions must support
live products, or raw product supported with ice and other refrigerated techniques.

Monoculture.  On the basis of RAS facility configurations, RAS operators are usually limited
to culturing one product per production cycle.  The one product production idea limits customer
choice and potential profits.  For a single product, the aquacultural product must have good
customer characteristics and good market acceptance to create profitability.

RAS marketing potential

Marketing and financial information about RAS industry operations is limited because of the
proprietary nature of the enterprise.  In addition, the number of RAS firms is limited and so are
any examples of marketing successes.  RAS is a relatively new idea, but has considerable
potential.  One market advantage of the RAS management is the capacity to produce one
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species and time its marketing for the best market price.  The RAS species can be marketed
during various production stages (fingerlings to fillets) in the fish life cycle based on the
relative price-cost ratios.

Customer service.  RAS managers have a marketing advantage over the wild catch of fish
because of the option for scheduling production to meet demand.  A dialogue between
procurement agents and producers can provide information for planning.  Marketing variables
include prices and price ranges, desired species, form and frequency of delivered product,
packaging requirements, universal product coding (including dating and product tracking), and
cooperative promotional ventures.

During a harvesting ban on Chesapeake Bay striped bass, Virginia Tech and Virginia Institute
of Marine Science conducted market research to support former Governor Gerald L. Baliles’
endorsement for culturing a hybrid stripped bass (cross between striped bass and white bass).
Two marketing research studies (Coale, Harvey) on hybrid striped bass were conducted.  They
showed the desires of procurement agents, buyers, and consumers for aquacultural products.

A marketing and physical distribution study was conducted which included customer taste-tests
(Coale, et. al.). The study evaluated customer opinion about hybrid stripped bass.  The results
showed that 53 percent of the customers sampled said texture, taste, and quality were
acceptable.  The remaining 46 percent did not respond to the taste-test question.  After the
taste-test, customers were asked, “Would you buy it?” Over 94 percent of those sampled said
yes, 6 percent said no.  Customers were asked what purchase price they were willing to pay for
the hybrid stripped bass.  About 71 percent said they would be willing to pay between $6 and 8
per pound and 6 percent said between $9 and 11.  The remaining 23 did not respond to the
question.  All customers surveyed were asked to compare hybrid stripped bass to other fresh
fish: 69 percent said it was as good as other fish, 20 percent said it was better, and the
remaining 11 percent did not respond.

An important finding identified in the market research dealt with customer attitudes toward
product value.  During product demonstrations, customers were introduced to the taste qualities
of the hybrid striped bass.  They were asked if it mattered that the cultured fish was smaller
than wild caught fish.  A significant majority (83 percent) responded that the size of the fish did
not matter.  When observing the physical size of the product, customers expressed concern
about the small size of the whole gutted hybrid striped bass.  The perception of the relative fish
size reflects the product value in the mind of the customer.  The market size of wild caught
striped bass is typically larger than cultured fish because it is older.

Hybrid striped bass gained about three grams daily (Nunley).  A cultured fish growing for 224
days will weigh about 1.5 pounds and yield two fillets each weighing about 3.5 to 4 ounces.  A
striped bass (three or four year class) should yield 2 fillets each weighing slightly less than one
pound.  Fish produced in a RAS usually cost more than wild-caught fish.  Given a choice,
customers comparing price and weight may choose the wild-caught fish over a cultured fish.

In a 1990 study (Harvey), market researchers asked restaurant operators, “what product [fish]
size would you most prefer to buy?” Of the 3 size categories (2,3, and over 3 pounds), about 43



8

percent of the responses wanted a fish weighing under 2 pounds.  Almost 25 percent of the
respondences preferred a fish weighing over 3 pounds.  Almost 24 percent asked preferred
about a 3 pound fish.  About 8 percent answered other size than the categories noted.  Another
question asked restaurant operators about product form.  For restaurant operators, product form
alternatives preferred were fillets (53 percent), whole-fish-in-the-round (22 percent), and
headed and gutted (17 percent).  When questioned about willingness to pay, restaurant
operators mentioned a price range per pound of $1.50 to $5.00 with 32 percent responding with
a range of $2.51-$3.00.

Market entry.  The RAS provides market entry for fish or shellfish on a regularly scheduled
production basis.  The RAS produces quality fish without regard to weather, water quality
inputs, or species selection because of the controlled conditions.  RAS operators in Virginia
have produced three fish species; catfish, hybrid stripped bass, and tilapia.  Hybrid striped bass
fish are termed cool water fish and tilapia are termed warm water fish species.  Market timing
is an important factor in realizing profitability from the harvest.  A recent A United States
Department of Agriculture publication, Aquacultura1 Supplement, has cited the sales, prices,
and input cost related to the aquacultural species (Harvey).  Aquaculture statistics show that
prices and sales for catfish and trout are up, but so are feed costs.  The statistics show that sales
for aquacultural products have increased and prices have remained steady for species including
catfish, trout, and tilapia (Harvey).  Feed costs are the most significant cost item in an
aquacultural budget.  As long as prices rise by the same amount as feed cost increases, profit
margins can be maintained.

Product form.  The profitability of the aquacultural enterprise hinges on the selection of the
correct product form based on market prices.  Two product forms of hybrid striped bass, whole
gutted and fillets were examined in a case study (Coale).  The RAS profit for a whole gutted
product was $2.99, given a retail price of $5.99, the retail margin of 38 percent, after
subtracting processing and distribution costs.  For the same market for fillet product with a
retail price of $8.99, the fillet value was worth $0.30 per pound.  In the study, the whole gutted
form was more valuable to the producer but market trends seem to favor filled products.

Production capacity.  The larger RAS operating units have the capacity to provide the market
with relatively large volumes of fish.  This volume of throughput is needed to serve a market on
a regular basis.  A customer profile can be defined with price, product mix, promotion, and
place.  The modeling of information can give a good forecast for the volume of product
demanded by the market.  This volume translates into the scale of plant needed to meet the
demand.

Distribution channels.  Virginia already has an effective commercial fish and shellfish
marketing system available.  Commercial buyers have needs for a variety of products
throughout the season.  RAS operators could help meet this demand since large quantities are
needed and most of the product could be produced in a RAS.  Limitations do exist, however,
for this alternative.  While a RAS producer would deal with fewer customers, he would also
face lower margins from more handlers in the distribution system.  Direct marketing is an
option since direct farm markets have already been established for other food commodities.
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Mail order distribution might also be a direct-market outlet.  Direct marketing requires
planning, creativity, and careful attendance to customer needs, desires, and reactions.

Channel management. With the larger scale of RAS operations, product marketing programs
can be designed to operate with the RAS manager marketing directly to the final handler in the
marketing channel.  RAS managers can coordinate their distribution program with the
marketing advantages.  A dialogue between procurement agents and producers can provide
frequency of the delivered product, packaging requirements, universal product coding
(including dating and product tracking), and special handling for maintaining product quality.

Conclusions

Business management.  An effective management system must be planned and implemented to
generate sustained profits and growth for the RAS firm.  Management must be applied to the
long term and operational aspects of the aquacultural business. Marketing and distribution
plans should be developed with marketing budgets drawn BEFORE stocking the
production system with fish.

Niche market.  Planning for a market should begin BEFORE the construction of the RAS.  By
understanding the economic constraints, the market and the production may be integrated into a
reliable plan.  Revenues generated by the RAS marketing program should exceed costs of the
operations.  The niche market targets customers with a profit oriented marketing program based
on product mix, location, price, and promotion.  The four variables can be incorporated into a
marketing budget summarizing revenue and factor costs.  The marketing budget highlights the
profit opportunity for the RAS.

Marketing concerns.  As noted, many potential aquacultural marketing problems exist.
RAS managers face economic risk from the market and from internal operations.  Being a price
taker in a variable price market contributes to external risk, while high unit production costs
contribute to internal risk factors.  Relative low yield for marketable muscle tissue significantly
increases the unit cost per pound.  Potential oversupply and lack of an organized promotional
program contribute to slow product movement, price discounting, and reductions in product
quality.  The more new product alternatives could provide the industry with opportunities for
enhancing price and revenues in the market.  A poorly managed distribution program can be
subject to reductions in the quality of products and high distribution cost per pound.
Distribution should be managed to minimize the number of handlers in the market system and
to provide the RAS operator with a greater share of the per pound price.

Marketing potential.  A RAS marketing program offers more positive than negatives in the
market development opportunities.  A necessary condition for marketing success is for the
operator to understand the production possibilities of the RAS.  Once products can be produced
on-time and on-budget, the potential for marketing success is within the grasp of the RAS
manager.  RAS marketing representatives have many advantages to compete effectively.  Those
advantages include enhanced customer service opportunities, daily entry to markets, an array of
product offerings, production capacity, and spreadsheet applications for analysis.  RAS
managers have a market advantage because of the capacity to schedule production to meet
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demand.  A dialogue between procurement agents and producers can provide information for
capitalizing on the “just-in-time” delivery plan.  A well-managed marketing plan can provide
enhanced revenues, and a well-managed RAS contributes to controlling costs.  Enhanced
profits can result.  RAS operators have three advantages in distribution.  They have the
opportunities to manage their product distribution by carefully selecting marketing channels,
managing the products in the channel, and providing superior customer service to clients.

The success of a RAS marketing program is based on an effective RAS.  RAS operators must
have a firm grasp on a management system.  A management program should be put into place
to manage the market and the RAS in a coordinated fashion.  By applying business
management tools effectively, a RAS marketing program should be successful.

Bibliography

Coale, Jr., Charles W. et. al.  Marketing Aquacultural Products: A Retail Market Case Study
for Sunshine Bass.  Virginia Agricultural Experiment Station, 93-3. 1993.

Fisheries of the United States, 1992, USDC-NMFS, Current Fishery Statistics No. 9200, May
1993.

Harvey, David.  “Aquaculture Outlook.”  Supplement to livestock, Dairy, and Poultry Situation
and Outlook,” ERS-USDA, LDP-AQS-2, October 4, 1995:

Harvey, Patricia, A. et.al. Hybrid Striped Bass Aquaculture Survey and Market Potential.
College of William and Mary, Virginia Institute of Marine Science. 1990.

Hitt, Jack.  “The Theory of Supermarkets.” The New York Times Magazine (1996): p. 18-20.

Jolly, Curtis M. and Howard A. Clonts.  Economics of Aquaculture.  New York: Food Products
Press.  Inc., 1993.

Lipton, Doug.  “Paying for Risk in Aquaculture.” Maryland Aquafarmer.  Winter 1996. pp. 4.

Nunley, C.E. Production of Hybrid Striped Bass (Morone Chrysops x Morone Saxatilis) in a
Recirculating Aquaculture System.  MS thesis, Virginia Polytechnic Institute and State
University, Blacksburg, Va. 1992. 193 pages.

Shaw, Susan A. Marketing: A Practical Guide for Fish, Farmers.  Oxford: Fishing News
Books. 1990. pp. 12-13.

“Sunshine Bass: From Tank to Market.” VHS video.  Visual Communications Unit, Virginia
Polytechnic Institute and State University, Blacksburg, Virginia, June 1992.



1

Aquaculture in Rural Development: The Economic Impact of Recirculating
Aquaculture Systems on Rural Communities

Bradley P. Martens
Department of Agriculture and

Applied Economics
Virginia Polytechnic Institute and

State University

Ernie W. Wade
Department of Agriculture and

Applied Economics
Virginia Polytechnic Institute and

State University

Introduction

This study examined the regional economic impacts of operating several recirculating aquaculture
systems in a rural community.  Regional economic and microeconomic analyses were meshed to
perform the study.  Of the several different regional economic tools available, input-output
analysis was used in this study.  This type of analysis allows for the measurement of the economic
impact on a community from major business undertakings or governmental development projects.
 Input-output analysis aids governments in determining the level of support that should be given
to such undertakings and projects.  Businesses can use information gained from input-output
analysis to attain better infrastructure development and favorable tax treatment for their
undertakings.

Use of input-output analysis requires the development of scenarios and provides economic
multipliers to project the impact of implementing the scenario.  This study inputted scenarios
involving the placement of recirculating aquaculture systems into several rural communities to
determine the economic impacts.  To ensure that the systems entered into the input-output
analysis’ scenarios operated under the microeconomic assumption of profit-maximization, the
study utilized linear programming models.  Linear programming models are a microeconomic
technique that assists in the construction of models that optimize inputs and outputs to achieve
profit-maximization.  A linear programming model of profit-maximizing recirculating aquaculture
systems was developed to attain results for use in the input-output analysis.  The base model was
altered to develop systems producing three different outputs - catfish, stripped bass, and trout.

Methodology for the Recirculating Aquaculture Systems Linear Programming Model

To develop the profit-maximizing recirculating aquaculture system, a linear programming model
was designed for input into Linear Interactive and Discrete Optimizer (i.e., LINDO).  The data
used in the development of the linear programming models were estimated or taken from the
Catfish Farmer's Handbook (Welborn and Martin, 1987) and Design of Small Scale Catfish
Processing Plants in Alabama (Lovell et al., 1981).  The linear programming model is presented in
Table 1 and the variable definition list is provided in Table 2. The model maximized profit by
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maximizing revenues less expenses.  Revenues were computed by assuming a sales price per
pound of $0.95 for catfish and 10% higher or lower for stripped bass and trout, respectively.  It
was assumed that the fish tanks would be harvested 5.2 times per year, producing 2,250 lbs of fish
each harvest.  Growth rates were assumed to be identical for each type of fish.  Hence, revenue
per tank was put at $11,115, $12,226.50, and $10,003.50 for the catfish, stripped bass, and trout
systems, respectively.  Table 3 presents a summary of the expenses used in the linear
programming model.  Each variable in the objective function was put on a yearly cost per tank
basis or yearly cost basis.  For example, feed costs were put on a yearly per tank basis by
assuming each tank would produce 2,250 lbs. of fish every seventy days or 5.2 times per year and
multiplying this figure by the cost of $0.17 per pound of fish produced.  Similarly, fingerling
purchase per tank were put on a yearly per tank basis by putting purchases at 2,250 fingerlings per
tank and multiplying by the harvest rate and the cost of $0.24 per fingerling.

While it was assumed that the fish tanks would be harvested 5.2 times per year or every seventy
days, further research indicates that this rate is greater than can be expected in actual operations. 
A more representative figure would be 1.46 times per year or every 250 days.  Reducing the
harvest rate would lower the coefficients attached to revenue per tank, feed costs per tank, and
fingerling purchases per tank. If larger fingerlings had been purchased, the harvest rate of 5.2
times per year may have been representative of actual conditions, but the model's cost per pound
of fingerlings would have needed to be increased to account for this condition.

The linear programming model of the system was composed of twenty constraints.  The
constraints restricted earnings to the number of tanks used in the optimal solution and imposed
the costs attached to the various inputs.  Table 4 presents an explanation of each constraint's
purpose.

Table 1. Linear Programming Model

Max Revenue - 2808 FDFT - 60 FTD - 169364 SBD - 80 LC - 1989 FEED - 500 RBCD - 75
FSPD - 25 MA - 819 LO - 14 AFS - 1170 LW - 1560 LWO - 71.43 WC - 23.75 WDP - 30 WDS
- 635 EC - 1700 PPD - 520 PPLH- 600 TRAN - 7600 PPEC

SUBJECT TO:
1)         RFTH - FT = 0
2) RFTH - .95 FPFT = 0
3) RFTH - FEED = 0
4) -WDP - WDS + FT = 0
5) -MA - LO + FT = 0
6) -AFS + LW = 0
7) -LW - LWO + FT = 0
8) -RBC + FT = 0
9) -FSPD + FT = 0
10) FTD - FT = 0
11) -EC + FT = 0
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12) -SBD + FT = 0
13) -WC + FT = 0
14)        -TRAN + FT = 0
15)        -PPLH + FT = 0
16) PPD = 1
17) PPEC = 1
18) LC= 1
19) FT >= 10
20)       FT <= 56

Table 2. Variable Definition List

VARIABLE DEFINITIION
AFS automatic feed system depreciation

EC electrical charges/fish tank

FEED Feed costs/fish tank

FPFT fingerling purchases/fish tank

FSPD multi-tube clarifier depreciation

FT number of fish tanks implemented

FTD fish tank depreciation

LC land charges for system’s facilities

LO liquid oxygen charges/fish tank

LW labor charges/fish tank if the automatic feed system is implemented

LWO labor charges/fish tank if the automatic feed system is not implemented

MA mechanical aerator depreciation

PPD processing plant depreciation

PPEC processing plant electrical charges/fish tank

PPLH processing plant labor/fish tank

RBCD rotating biological contactor depreciation

RFTH revenue/fish tank harvested

SBD shell building depreciation/fish tank

TRAN transportation charges/fish tank

WC water charge/fish tank

WDP aerobic pool costs/fish tank

WDS water disposal costs/fish tank with the use of the country sanitation
facilities
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Table 3. Expenses Used in the Linear Programming Model

purchase price: $0.24/fingerling
fish tanks (plastic tanks - 20' x 5' x 3.5'): $ 1,000 each
land values: $800/acre
shell building: $15/square foot
small scale processing plant: $34,000
feed costs: $0.17/lbs. of fish harvested
rotating biological contactors: $10,000 each
multi-tube clarifiers: $1,500 each
mechanical aerators: $500 each
liquid oxygen: $0.07/lbs. of fish harvested
automatic feed system: $280/fish tank
employee’s hourly wage rate

-$4.50/hr. for system labor if an automatic feed system is employed
-$5.00/hr. for system labor if an automatic feed system is not employed
-$5.00/hr. for processing plant labor.

water disposal:
-$23.75/tank/year for aerobic lagoon
-$30/tank/year for county sanitation facilities

electrical charges:
-$635/fish tank for system usage
-$7,600/year for processing plant usage

Results for Recirculating Aquaculture System Model

The results from the linear programming models indicated that a profit-maximizing recirculating
aquaculture system would consist of approximately 2 acres of land, a 60' x 210' shell building
(including storage facilities), 20' x 30' processing plant, 56 20' x 5' x 3.5' plastic fish tanks, 56
rotating biological contactors, 56 multi-tube clarifiers and automatic feed system, and aerobic
lagoons.  The estimated initial investment for such a system was put at $995,880.  Table 5
presents a calculation of the initial capital investment needed to construct the system.  These
results indicated that each type of system would use the maximum number of tanks allowable
under the processing plant capacity restriction.  Hence, the production costs would be similar
regardless of system type and the only difference in the budgeted income statements of the
different systems would be differences in revenue generated from commodity sales.  The catfish
system’s net income was projected $128,494 - compared to projected net incomes of $190,738
and $66,250 for stripped bass and trout, respectively.  These figures indicated that the catfish
system would earn a robust 12.9% return on investment per year.  The stripped bass system
would produce an even higher return of 19.1% and the trout system would earn a return of 6.6%.
The system would have seven full-time employees involved in fish production and three part-time
employees involved in fish processing.  The production level would be approximately 655,200
pounds of fish/year.  A budgeted income statement for the systems is presented in Table 6. While
the model indicated that the systems would be highly profitable, using the lower and more
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representative harvest rate may have reduced the profitability of the system due to decreased
revenues.  However, the decrease revenues would be slightly offset by lower costs for feed and
fingerling purchases.

TABLE 4. Explanation of Each Constraint's Purpose

Constraint
Number Purpose

1 Sets the number of tanks used in calculating revenue equal to the number in the
optimal solution.

2 Sets number of tanks used in calculating fingerling purchase charges equal to the
number of tanks in optimal solution.

3 Sets number of tanks used in calculating feed costs equal to the number of tanks in
optimal solution.

4 Offers the choice between aerobic pools or the county sanitation system and sets
number of tanks used in calculating the cost of the option chosen equal to the
number of tanks in optimal solution.

5 Offers the choice between mechanical aerators and liquid oxygen and sets number
of tanks used in calculating the cost of the option chosen equal to the number of
tanks in optimal solution.

6 Offers choice between automatic feed system or increased labor costs.

7 Sets the number of tanks used in calculating the system’s labor costs, whether or
not an automatic feed system is used, equal to the number in the optimal solution.

8 Sets the number of tanks used in calculating biological contactor depreciation
equal to the number in the optimal solution.

9 Sets the number of tanks used in calculating mulfi-tube clarifier depreciation equal
to the number in the optimal solution.

10 Sets the number of tanks used in calculating fish tank depreciation equal to the
number in the optimal solution.

11 Sets the number of tanks used in calculating the system’s electric charges equal to
the number in the optimal solution.

12 Sets the number of tanks used in calculating shell building depreciation equal to
the number in the optimal solution.

13 Sets the number of tanks used in calculating water costs equal to the number in
the optimal solution.

14 Sets the number of tanks used in calculating transportation costs equal to the
number in the optimal solution.

15 Sets the number of tanks used in calculating the processing plant’s labor costs
equal to the number in the optimal solution.

16 Applies the processing plant’s depreciation expense.

17 Applies the processing plant’s electrical charges.
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18 Applies the system’s land charges.

19 Sets minimum number of tanks for system.

20 Sets maximum number of tanks for system.

In choosing between mechanical aerators or liquid oxygen, the model selected mechanical
aerators.  The use of an automatic feed system was chosen over the higher labor costs linked to
manual feeding.  Instead of using the county water sanitation system aerobic lagoons were
implement.  The shadow prices indicated that an additional fish tank would increase profit for the
catfish system by a projected $2,313.  An additional tank was projected to increase the profit of
the stripped bass and trout systems by $3,414 and $1,201, respectively.

Table 5. Initial Capital Investment Needed for Recirculating Aquaculture System

Rotating Biological Contactors (56 at $10,000 each) $560,000

Shell Building 190,000

Multi-tube Clarifiers (56 at $1,500 each) 84,000

Fish Tanks (56 at $1,000 each) 56,000

Processing Plant 34,000

Mechanical Aerators (56 at $500 each) 28,000

Aerobic Lagoons 26,600

Automatic Feed System 15,680

Land Costs (2 acres at $800/acre) 1,600

TOTAL CAPITAL INVESTMENT $995,880

Table 6. Budgeted Income Statement for the Recirculating Aquaculture System

REVENUES:
Stripped Bass System $684,684
Catfish System 622,440
Trout System   560,196

EXPENSES:
Depreciation:

rotating biol. contactors $28,000
shell building    9,500
processing plant    1,700
aerobic lagoons    1,330
fish tanks    2,800
multi-tube clarifiers    4,200
mechanical aerators       784

Fingerling Purchases 154,248
Feed Costs 111,384
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Labor: system   65,520
processing plant   29,120

Water Charges                 4,200
Electrical Expense: system   35,560

processing plant     7,600
Transportation Costs   33,600

TOTAL EXPENSES

$493,946

NET INCOME BEFORE TAX:
Stripped Bass System $190,738
Catfish System              128,494
Trout System    66,250

Methodology for Examining the Economic Contribution of Recirculating Aquaculture
Systems on Rural Communities

The economic importance of recirculating aquaculture systems to rural communities was
determined in terms of total sales, value added (i.e., regional income), and employment.  An
input-output analysis using IMPLAN was conducted to measure the extent of economic activity
attributable to local purchases of goods and services needed to support an established system.
IMPLAN (i.e., Impact Model for PLANning) was developed by the U.S. Forest Service to
provide the data necessary to construct an input-output model of any county, or grouping of
counties, in the United States.  It provides multipliers for any of the 528 sectors that exist in the
region.  When a new firm is anticipated in a sector for which there are no current firms, the
IMPLAN system can be adjusted to include the new firm.

An input-output model was used to generate a series of economic multipliers for three typical
rural counties in Virginia - Floyd County, Culpeper County, and Lunenberg County.  Industries
within the local economy are interdependent through the goods and services traded among the
firms.  An increase in the demand for an existing sector’s product will result in increased
production in many other sectors of the economy.  These additional effects are quantified by
calculating input-output multipliers.

Input-output models make a distinction between sales, income and gross regional product.  Sales,
sometimes called economic activity, is the most commonly used measure of impact.  However,
sales may not be the best measure because it includes a lot of intermediate goods produced in
other regions.  Gross regional product (ie., G.R.P.) or regional income may be a better measure,
since it nets out the part of sales not produced locally.  Income measure the portion of G.R.P. that
becomes the gross income of individuals.  The major components of this indicator are personal
income (i.e., salary and wages), land rents, returns to capital and indirect taxes.  Hence, value
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added should always be less than total sales, but greater than personal income.

The multiplier is calculated by distinguishing direct effects from indirect effects and total effects. 
The direct effects are those associated with the sector itself - its output or sales, employment, and
income.  The indirect effects are all those effects that accrue to other firms in the region.  The
total effects are the sum of the direct and indirect effects.  Thus, the multiplier is the total effect
divided by the direct effect.

The multiplier effect refers to the following process: a sector creates jobs that provide income to
previously unemployed and underemployed persons; these people spend some of their income on
goods and services produced within the region; this increase in product demand eventually results
in the creation of additional new jobs in the area and the cycle continues with more income being
spent, creating increased demand and more new jobs.  This ripple effect eventually dissipates as
new incomes are spent on goods and services produced outside the locality (i.e., leakage). Once
all new incomes leak out of the local economy, the driving force behind the multiplier effect
vanishes; hence, the cycle ends.  The sum of all activity that has occurred during the cycle is the
sales multiplier.

The economic impacts of an established recirculating aquaculture system are decomposed by
industry class, in accordance with two digit Standard Industry Classification (i.e., S.I.C.) codes. 
The agricultural sector includes landscape and horticultural services, nurseries, farm chemicals,
grass seeds etc.  Certain types of building maintenance contractors are included in the
construction sector.  Electrical, water and sewage, and communication services are classified as
public utilities.  Entities such as advertising agencies, legal and accounting firms, and motel or
hotel establishments are included in business services.

Monies spent by the consumer on catfish, stripped bass, and trout are referred to as direct
contributions in terms of sales.  The indirect effects, on the other hand, refer to the ripple effects
of initial spending.  These secondary impacts include as input purchases such as electricity, water,
and feed, as well as induced economic effects attributable to expenditure of increase income.

Economic impacts in terms of employment are expressed as full-time equivalents (i.e., 2,000
hours per year). A full-time equivalent is the sum of 2,000 hours worked per year and can be
accumulated by one full-time employee or several part-time employees.  For example, two
employees who work 20 hours a week, for 50 weeks, is one full-time equivalent.  An important
shortcoming of this input-output analysis is the lack of consideration for job quality.

Results from Examining the Economic Contribution of Recirculating Aquaculture Systems
on Rural Communities

The economic impacts of all the recirculating aquaculture system related transactions were
assessed in terms of total sales, value added (i.e., regional income) and employment (i.e., full-time
equivalents).  These results are presented in tables 7 through 9. Based on information obtained
from a linear programming model prescribing the optimal system under predetermined market
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conditions, the direct expenditures had an estimated economic impact of nearly $5.3 million
dollars (including $325,900 accruing to utilities and $1.6 million accruing to business services)
and led to the creation of 93 additional full-time jobs in Culpeper County.  Similarly, the direct
expenditures had an estimated economic impact of nearly $4.2 minion dollars (including $ 1,100
accruing to utilities and $ 1.1 million accruing to business services), and created 70 additional full-
time jobs in Lunenberg County.  For Floyd County, the direct expenditures had an estimated
economic impact of approximately $4.3 million and the creation of 72 additional full-time jobs. 
The projected economic contribution of $4.3 million to Floyd County’s economy, for example,
should be interpreted as a benchmark or an indication of the industry’s region-wide economic
potential, based on the best market information currently available.  Since the use of the more
representative growth rate in the modeling of the profit-maximizing recirculating aquaculture
system may have lower the profitability of the system, the economic impact of placing the systems
into the communities may have been reduced with the use this growth rate.

Table 7. Estimated Contributions of a Recirculating Aquaculture System in Culpeper
County

Industry Sales Value Added Employment FTE
Agriculture 53,400 12,300 1.27

Mining 800 300 -

Construction 94,400 43,600 1.79

Manufacturing 794,500 109,600 5.18

Transportation Services 141,200 76,100 2.22

Utilities 520,900 325,900 2.48

Wholesale Trade 157,200 146,900 3.59

Retail Trade 916,800 649,900 34.81

Business Services 2,371,100 1,663,200 39.66

Government Enterprises 156,800 82,400 2.11

Total Indirect Effect 5,207,100 3,110,200 93.11

Total Direct Effect 3,100,000 2,270,410 7.56

Total Effect 8,307,100 5,380,610 100.67

Composite Multiplier 2.68 2.37 13.32
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Table 8. Estimated Contributions of a Recirculating Aquaculture System in Floyd County

Industry Sales Value Added Employment FTE
Agriculture 102,600 25,900 2.33

Mining 100 100 -

Construction 67,300 22,300 1.30

Manufacturing 293,400 81,200 4.74

Transportation Services 139,300 68,200 2.52

Utilities 157,000 139,900 1.63

Wholesale Trade 24,200 22,600 0.75

Retail Trade 520,500 381,100 22.68

Business Services 1,980,200 1,314,400 35.01

Government Enterprises 55,200 34,300 1.38

Total Indirect Effect 3,339,800 2,090,000 72.34

Total Direct Effect 3,100,000 2,270,410 7.56

Total Effect 6,439,800 4,360,410 79.90

Composite Multiplier 2.08 1.92 10.57

Appreciable differences in these economic impact assessments are due to differences in consumer
expenditure patterns and economic linkages or industry structure among the jurisdictions selected
for analysis.  This study did not address the short-term economic impacts attributed to
recirculating aquaculture system.  More precise impact estimates can be obtained as supplemental
information becomes available.

Conclusions

This study meshed regional economic and microeconomic analyses to examine the economic
impact rural communities from operating several recirculating aquaculture systems within their
municipalities.  To this end, the study developed a profit-maximizing recirculating aquaculture
system to support the measurement of the economic impact on rural communities from
introducing five of these systems.  Such a system would have an estimated initial investment of
almost a million dollars.  If producing catfish, the system's estimated net income was $128,494. 
Systems producing stripped bass and trout would be expected to have yearly incomes of $190,758
and $66,250, respectively.  The economic impacts on rural communities was assessed through
examining total sales, value added (i.e., regional income) and employment (i.e., full-time
equivalents).  The placement over five optimal systems in a rural community tended to produce an
economic impact of over $4 million to the community’s utilities and business services and create
at least 70 additional full-time jobs in the community.  These results indicate that the systems
would be profitable and have significant impacts on the economies of rural communities. 
However, the profitability of the systems and, as a result, the economic impact of the placing the
systems in the communities may have been reduced had the linear programming model of the
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recirculating aquaculture system used the lower and more representative growth rate.

Table 9. Estimated Contributions of a Recirculating Aquaculture System in Lunenberg
County

Industry Sales Value Added Employment FTE
Agriculture 88,000 19,100 1.77

Mining 800 500 -

Construction 85,300 35,900 1.53

Manufacturing 318,200 100,100 6.73

Transportation Services 152,100 75,800 2.79

Utilities 4,100 1,100 0.02

Wholesale Trade 84,400 78,800 2.34

Retail Trade 675,700 521,000 32.21

Business Services 1,650,300 1,083,000 20.94

Government Enterprises 60,500 31,100 1.36

Total Indirect Effect 3,119,400 1,946,400 69.69

Total Direct Effect 3,100,000 2,270,410 7.56

Total Effect 6,219,400 4,216,810 77.25

Composite Multiplier 2.01 1.86 10.22
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