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SUMMARY

It is anticipated that prospective
aquaculturists, investors, and perhaps
lending institutions, will desire informa-
tion on the financial feasibility of operat-
ing a commercial penaeid shrimp
larviculture facility located in South
Carolina (SC). The objective of this re-
port is to present a preliminary projection
of costs and income generated by an
independent (i.e. not integrated with a
SC shrimp grow-out enterprise) commer-
cial hatchery operating in coastal SC.
The hypothetical hatchery described in
this report includes maturation and
larval rearing (LR) systems consisting of
ten 12.5-ton maturation tanks and 16 8-
ton LR tanks housed in one large, prefab-
ricated steel building with an overall area
of about 13,300 ft*. The total initial
investment for constructing, equipping
and operating this facility would be
nearly $1 million. Total annual projected
cash operating costs for a 75 million
postlarvae (PL) per year output was
$496,690, The annual, average cash cost
per PL would be approximately $6.60/
1,000 PL for this output. Projected net
income after taxes was only $84,600 for
the base case output of 75 million PL per
year.

The ten-year (after-tax) internal rate
of return (IRR), was 17%. For a base case
after-tax discount rate of 20%, the pro-
jected ten-year net present value (NPV)
was negative. The sensitivity analysis of
selected variables suggests that the pro-
jected IRR and NPV are more sensitive to
relative changes in PL market prices and
PL output than in feed cost changes.

Based on this preliminary analysis,
the negative NPV for the base case out-
put of 756 million PL/year does indicate
that this size of hatchery (i.e. less than 9
million PL/month) would not generate a
postive return on equity if potential

investors only based their investment
upon a required rate of return of 20% or
more after income taxes. Future research
on SC shrimp hatcheries should include
the financial feaszibility of a larger hatch-
ery (e.g. 20 million PL/month), integrat-
ing a marine shrimp nursery and/or
grow-out operation with a hatchery facil-
ity.

The future demand for PL produced in
SC is uncertain. Despite this uncertain-
ty, a commercial hatchery located in
South Carolina may have several advan-
tages compared to hatcheries in other
states or countries. SC shrimp farmers
may prefer SC produced PL because of
lower shipping stress and perhaps higher
survival rates when the PL are initially
stocked compared to PL from out-of-state
suppliers, Other pessible advantages for
a SC hatchery include: 1) in-state techni-
cal support from the Waddell Mariculture
Center (see Rhodes, 1992), 2) the possibil-
ity of developing a specialty market for
Penaues setiferus PL, an indigenous
species, purchased by SC live bait farm-
ers, and/or 3) out-of-state PL supphiers
may be more vulnerable to additional SC
regulatory actions in the future.

INTRODUCTION

A small marine shrimp mariculture
industry has developed in South Carolina
(SC) producing about 600,000 pounds of
whole shrimp in 1991, with an ex-pond
value near £1.5 million. The profitability
of SC’s commercial shrimp businesses i3
dependent upon many factors including
the availability of viable postlarvae (PL)
at a competitive price. There is currently
{1992) no commercial shrimp hatchery in
SC. The 8C farms have been generally
dependent upon on cut-of-state suppliers
for PL of the species of choice, Penacus
vannamei, a non-indigenous marine



shrimp. During May and June, SC
shrimp farmers purchase PL's from com-
mercial out-of-state hatcheries and/or
small amounts from a hatchery operated
by the SC Wildlife and Marine Resources
Department at the Waddell Mariculture
Center (WMC) near Bluffton, South
Carolina,

SC shrimp farmers have become
apprehensive about the future supply and
guality of imported PL. For example, in
1989, several farms had to reduce plan-
ned stocking densities and/or not stock all
their ponds due to an apparent shortage
of quality PL's (McGovern-Hopkins et al.
1991), Also, environmental concerns
have increased in recent years regarding
the perceived impacts of farming non-
indigenous shrimp in the United States.
Moreover, industry awarenese has in-
creased relative to possible negative
impacts of shrimp diseases carried by PL
from out-of-state hatcheries on commer-
cial farm production. Consequently, as
concerns have increased, research has
been conducted to examine the technieal
and financial feasibility of producing
commercial quantities of the indigenous
P. setiferus and/or specific pathogen free
(SPF) P. vannamei PL in the state of
South Carolina (Browdy et al. 1991).

It iz anticipated that prospective
aquaculturists, investors, and perhaps
lending institutions, will desire informa-
tion on the financial feasibility of a com-
mercial PL production facility located in
South Carolina. Although several eco-
nomic studies have analyzed maturation
and/or hatchery systems for penaeid
shrimp (e.g. Johns et al. 1981), no studies
have analyzed the financial feasibility of
penaeid larviculture in SC. The objective
of this report is to present a preliminary
projection of costs and income generated
by an independent (i.e. not integrated
with . SC shrimp grow-out enterprise)
commercial hatchery operating in coastal

South Carolina with enough capacity to
produce some of the PL needed by SC
farmers, about 45 million PL during a 8-
10 week period in 1992 (Rhodes, 1992).
Annual income statements and cash flows
have been projected in order to estimate
accounting profitability, return on equily
capital, and net present value,

METHODS AND DATA
FACILITY DESIGN AND EQUIPMENT

The hypothetical facility described in
this paper is based upon the commeraal
hatchery technology predominant in the
Western hemisphere (Lawrence and
Huner, 1987, McVey and Fox, 1983, and
Treece and Yates, 1988). Production and
cosl estimates were predicated upon
experience at the WMC hatchery
(McGovern-Hopkins et al, 1991) and
other commercial hatcheries in the US.
In this analysis, the size and number of
tanks were generally expanded compared
to the WMC hatchery. This does not
imply that the capacity of this hypotheti-
cal hatchery is the “optimal” design and/
or capacity for South Carolina with re-
gard to economies of scale or other consid-
erations (e.g., PL purchase patterns).

Most of the hatchery, including matu-
ration and larval rearing (LR) tanks,
would be housed in one large, prefabri-
cated steel building with an overall arca
of about 13,300 ft*(Fig. 1). The cost of
this building with office space (Table 1)
was based upon cost estimates in Kiley et
al (1991) and cost estimates provided by
companies specializing in prefabrication
buildings.

Ten 12.5-ton maturation tanks and 16
8-ton LR tanks would be used in thie
facility. Three reservoir tanks capable of
holding 212 tons of saltwater each would
be used to store treated water. The salt-



water treatment system would include
filter vessels and ultraviolet light steril-
ization, The saltwater heating system
would include one titanium heat ex-
changer for each storage tank and an
electric freshwater boiler, Costs for the
saltwater filtration and heating system
are based upon estimates from commer-
cial vendors.

PRODUCTION ASSUMPTIONS

Production assumptions are summa-
rized in Table 1. These data were used in
estimating a base case PL output of 75
million over a nine month period. If the
annual PL purchases by SC growers is
about 45 million PL, this hatchery could
produce approximately 38%, 17 PL mil-
lion, during an 8 week period. It is as-
sumed that this hatchery would export
PL to growers in other states and/or
countries {e.g., Mexico).

Stocking density of adult animals in
maturation tanks would be 7/m? resulting
in 50,000 nauplii per spawn and a spawn-
ing rate of 2% per night (Table 1). In the
LR tanks, nauplii stocking density is set
at 100/1 with a survival of 50% from
nauplii to PL,.

MAJOR FINANCIAL AND OPERATING
ASSUMPTIONS

Major financial and operating as-
sumptions are provided in Table 2. The
annual financial projections for this
facility were generated using a Lotus 1-2-
3 spreadsheet template prepared by
Applied Analysis, Inc., (Leung and
Rowland, 1989).

Actual production time (i.e. excluding
hatchery preparation and “shut-down”
time) is based upon a nine month season.

A two year “learning curve” was approxi-
mated by assuming the PL output of the
first and second operating years' output
was 60% and B0%, respectively, of the
base case PL output. It is assumed that
all hatchery personnel (e.g., managers,
technicians, etc.) would be employed all
year (12 months). Broodstock feed would
be comprised of fresh and frozen squid
and bloodworms, with bloodworms com-
prising the largest component of the feed
costs (Table 2).

The base case selling price of the PL,
$9.00/1,000 PL F.0.B. the hatchery site,
(Table 2} is based upon the authers’
judgement. Historically SC growers have
generally paid $10/1,000 or higher for
out-of-state PL when survival rates and
shipping costs are considered. This
hatchery would only be capable of produe-
ing about 23%, 17 million PL, of it's
annual output to sell to 8C growers dur-
ing the spring. Therefore, it is assumed
this hatchery would need to sell over 70%
of it’s output to growers in other states
and/or countries. Consequently, it was
assumed lower out-of-state selling prices
would reduce the annualized selling price
to a level below $10/1,000 when compet-
ing with out-of-state PL sellers’.

RESULTS
INITIAL INVESTMENT

The total initial investment for con-
structing, equipping and operating this
facility would be nearly $1 million (Table
3). The steel building housing the facility
would comprise 38% of the total equip-
ment and construction costs, $568,820, In
contrast, maturation and hatchery equip-
ment, mainly tanks, would represent

' The sensitivity analysis in this report (see Table 5) intludes selling prices higher and lower than $3/3,000.
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Figure 1.  Generalized floor plan of a hypothetical marine shrimp hatchery located in
South Carolina, USA.
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Table 1. Major base case production assumptions for a hypothetical marine ehrimp hatch-
ery in South Carolina. .

Maturation and Hatchery Season: Approximately nine (9) months.
Maturation Output:

Active Animalg (Sex Ratio 1:1) 1,111
Maturation Stocking Density: 7 animals/m?
Nauplii per Spawn: 50,000

Spawning Rate Per Night: 2.0%

Total Nauplii Per Season: 1.5 X 10°

Hatchery Qutput:
Nauplii Survival to PL: 50.0%

Nauplii Stocking Density: 100 animals/liter
Total PL Qutput Per Season: 7.5 X 107 (~8.3 million/month)

Table 2, Major base case financial and operational assumptions for a South Carolina
shrimp hatchery.

Source of Construction and Annual Operating Capital 100% Equity

Electricity Cost: SUS 0.0651XW

Postlarve Selling Price:  $9/1,000

Depreciation Treatment: Straight-line

Bleodworm Cost for Broodstock:  $US 62%kg
Discount Rate After Taxes: 15%

Corporate Income Tax Rate, State and Federal: 30%
“Learning Curve” During 1st and 2nd Year

Payroll Taxes and Insurance:

Hourly Wage Personnel: 21% of gross wages
Salary Personnel: 25% of gross salaries

about 13% of facility costs (Table 3). temperatures from January through June
It is assumed that this hatchery would are below 28°C, this hatchery would also
draw its water from an estuarine water require constant heating of hatchery's
source, Estuarine waters in SC generally reservoir (head) water for at least 5
have a high level of suspended solids; months. The saltwater source and treat-
consequently, a filtration system is need ment systems would comprise approxi-
for treating raw saltwater for usein a mately 39% of the total facility costs
penaeid shrimp hatchery (McGovern- (Table 3).

Hopkins et al, 1991). Since SC saltwater

=5 ]



Tahble 3. Summary of cstimatcd initial investment for a hypothetical marione
shrimp hatchery constructed in South Carolina.

—— = e

Useful
Cost . Percent' Years
Hatchery/Maturation Building® $118,750 15
Office & Laboratory Equipment 25,000 10
Project Planning & Permits 16,004 5
Land, 2 acres 10,0040 N/A
Subtotal: _$168,750 b 12
Uatchery & Maturation Equipment:
Maturation Tanks, 10 £ 10,000 10
Spawning Tanks, 25 5,004 160
Broodstock Holding Tanks, 2 2400 5
Hatchery Tank Heaters, 16 B.B00 5
Hatchery Tanks, 16 38,400 15
Pumps __B,500 5
Bubtotal: § 73,100 15%
Saliwater Source & Treatment System:
Automatic Filtration System § 66,000 10
Heat Exchanger & Boiler 48,000 10
Storage Tanks, 3 39,300 15
Water Storage Shed 25,900 15
Saltwater Source Pumps, 3 _ 2700 5
Subtotak $181.750  39%
Other Equipment:
Diesel Back-up Generator, | § 20,500 20
Pick-up Truck, 1 B, (HH) 51
Phyvtoplankton Tanks, 60 8,400 1
Miscellaneous Equipment 6,400 6 to 10
Miscellaneous Tanks 2,880 10
Subtotal: § 45,080 1%
Total Facility Cost: $468,730

Annual Cash Operating Cost: _ $496,600
Total Initial Investment ___  $066.420

'"Percent of "Total Facility Cost",
“The hatchery building includes the shrimp maturation facilities.



Tahle 4. Projected annual income statement for operating years three through ten, inter-
nal rate of return, and net present value for a hypothetical marine shrimp
hatchery located in South Carolina.

Projected Annual Production:
Hatchery (PL's in Thousands) 75,000
Maturation {Nauplii in Thousands) 150,000
{In Thousands)
Projected Anpual Sales: 3675
Projected Expenses Percent of:
Sales Cost
Fuel & Utilities $107.4 16% 20%
Fead 111.6 17% 21%
EBroodstock Purchases 20.0 3% 4%
Hourly Wages' 98.8 15% 18%
Salaries' 120.0 18% 22%
Chemicals 16.7 2% b
Other Supplics 10.1 1% 2%
Contingencies 121 2% 2%
Depreciation 431 B 2%
Total Projected Expenses; £530.8 0% 100%
Projected Taxable Income: $135.2
Estimated Income Taxes: $40.6
Projected Income After Taxes: $846
Discounted Cash Flow Analysis®
10-Year Projected Internal Rate of Return: 16.9%
After Toax Discount Rate

10%  15% 20% 2 25%

10-Year Net Present Value: +5147 4335 549 -$114
{In Thousands)

' Includes payroll taxes, workman’s compensation and fringe benefits.
* Annual cash operation costs were not included in this analysis.
i Bage case.



OPERATING COSTS

Total annual projected operating ex-
penses for 75 million PL/yr. output was
$539,800 including depreciation (Table
4). The total annual projected cash oper-
aling cost was $496,690. The annual,
average cash cost per PL would be ap-
proximately $6.62/1,000 PL for a 756
million PL/vear output. Salaries and
wages together comprised the largest
percentage of operating expenses, 40%
(Table 4). Utilities, principally electricity
used in heating saltwater, represented
20% of total operating expenses, Feed,
mainly bloodworms for broodstock feed-
ing, comprised about 21% of projected
operation expenses (Table 4).

PROJECTED NET INCOME AND
DISCOUNTED CASH FLOW

Projected net income after taxes was
$94,600 for the base case output of 75
million PL (Table 4). The projected net
income (after taxes) per 1,000 PL was
$1.26/1,000 PL,

The ten-year (after income taxes)
internal rate of return (IRR) and net
present value (NPV) were projected
{Table 4). The IRR, 16.9%, was less than
the base case after-tax discount rate,
20%. The projected ten-year NPV was
negative, -849,160, (Table 4.

SENSITIVITY ANALYSIS

The sensitivity analysis of selected
variables (Table 5) suggests that the
projected IRR and NPV are more sensi-
tive to relative changes in PL output and
market prices than feed cost changes.
For example, a 6% increase in the selling

price of PL to $9.50/1,000 or a 5% in-
crease in PL output would increase the
projected IRR about 5 percentage points
{Table 5), while a 10% decrease in feed
costs would only result in a about a 2
percentage point increase in the IRR.

DISCUSSION

In this preliminary analysis, the
negative NPV for the base case output of
75 million PL for nine months does indi-
cate that this operation would not gener-
ate a poative return on equity if potential
investors only based their investment
upon a required rate of return of 20% or
more after income taxes. The sensitivity
analysis results suggest that increasing
PL output by 5% relative to the base case
would result in an IRR exceeding 20%
(Table 5). In addition, the profitability of
a SC basged hatchery might be improved
by expanding total annual PL output by
increasing operating months and/or
capacity, The financial feasibility of
operating a larger facility needs Lo be
investigated. For example, Johns et al.
(1981) has shown that the ten-year NPV
projected for Texas hatcheries should
increase with scale and/or operating
months,

Even if monthly output of a SC hatch-
ery was expanded, the future demand for
PL by SC growers will be eritical to those
considering the financial feasibility of
funding and operating a commercial
hatchery in 8C. A recent study predicted
that SC PL demand could reach 75 mil-
lion PL/year by 1997 (Rhodes, 1992),
This prediction is partially based upon
expansion plans for a 160-acres shrimp
farm on Edisto Island. It is not currently

* The before tax IRR for the base case is 24%, and the before tax NPV increases to 378,000 at a 20% dis-
count rate. Most analyst would make the pefare tax discount rate higher than the after tax discount rate,



(1992} clear if other new shrimp farming
sites will be developing in SC and/for if
existing commercial farms will expand
their acreage andfor stocking densities.
Given this uncertainty in SC, it would be
prudent for thoge evaluating the feasibil-
ity of establishing a hatchery in SC to
also evaluate existing and potential
markets for SC produced PL in other
states and countries. Moreover, aggre-
gate PL demand by US shrimp farms may
not continue Lo increase in the future if
current and perhaps future environmen-

tal regulations (House, 1992) conatrain
the expansion plans of companies want-
ing to grow-out marine shrimp in the US.

In contrast to the future demand
uncertainty, a commercial hatchery lo-
cated in South Carclina may have several
marketing advantages compared to
hatcheries in other states or countries.
5C shrimp farmers may prefer SC pro-
duced PL because of lower shipping stress
and perhaps higher survival rates when
the PL are initially stocked compared to
PL from out-of-state supoliers. Other

Table 5. Bensitivity analysis of the projected 10-vear internal rate of return (IRR) and
net present value (NPV at a 20% discount rate) to changes in fead costs,
postlarvae (PL) output, and PL: market prices for a hypothetical marine shrimp

hatchery in South Carolina.
Affer Estimated Income Taxes
Yariable NPY {in 10000 IBRR
Feed Cost:t
Increased 10% -275 15.2%
Base Case 240 16.9%
Decreased 10% -3223 18.6%
Decreased 20% +32 20.1%
Decreased 305% +$28 21.T%
PL Output (Millions);
B2.5 X 10% (109%) +386 24 9%
T8.8 X 10° (5%} +224 21.5%
75.0 X 10* (Base Case) -240 16.9%
T1.3 X 105 {-5%) -$105 13.0%
67.5 X 105 {-10%:) 5163 B4%
PL. Price/ 100k
£ B0 -3244 8%
2 B.50 -3147 10.0%
£ 9.00 (Base Case) -$ 45 16.9%
$9.50 +549 22.9%
$10.00 +2146 28 D

* Percent change relative to the base case of “Feed” expenses,



possible advantages for a SC hatchery
include: 1) in-state technical support from
the WMC (see Rhodes, 1992), 2) the
possibility of developing a specialty mar-
ket for P. setiferus PL, an indigenous
species, purchased by SC live bait farm-
ors, and 3) out-of-state PL suppliers may
bt more vulnerable to additional SC
regulatory actions in the future,

In addition, current efforts to develop
a profitable nurgery "headstart” system
for use by SC growers might also lead to
expansion of the in-state market “win-
dow” for PL while improving the profit-
ability of grow-out operations. Moreover,
the financial and markel effects of inte-
grating a hatchery with a nursery and/'or
grow-out operation needs to be analyzed
for 8C,

Profitability of SC marine shrimp
grow-oul operations is strongly influ-
enced by survival rates (Rhodes, et al.
1987). Stokes et al. (1991) has reported a
high degree of variability in grow-out
performance (e.g. survival rates, harvest
size, ete.) between different commercial
hatcheries as well as between years for
individual hatcheries. Research al the
WMC and other laboratories is currently
underway to develop hkigh health, and
genetically improved shrimp for the US
privatle hatcheries (House, 1992). The
transfer of these research driven improve-
ments® in shrimp PL to US hatcheries
might provide a marketing advantage for
commercial hateheries selling to US and
foreign shnmp growers, Moreover, the
marketing of high health PL lor SC grow-
ers by SC hatchery may also improve the
overall productivity of the SC shrimp
farming industry.

ACENOWLEDGEMENTS

We would like to thank Mr. David
Whitaker and Mr. Steve Hopkins, for
their review and comments on this report.
Ms. Z. Florence Pender provided word
processing support and Ma. Karen
Swanson prepared the manuscript for
publication.

Funding for this research was pro-
vided by the U.S. Department of Agricul-
ture CSRS through a grant to the US.
Marine Shrimp Farm Program.

LITERATURE CITED

Browdy, C.L., A.D. Stokes, J.S. Hopkins
and P.A, Sandifer, 1991. Evalua-
tion of intengive pond mono-and
polyeulture of Penaeus setiferus
and P. vannamei in South Caro-
lina. (Abstract) World Aguaculture
Society, 22nd Annual Conl. &
Expo., S8an Juan, Puerto Rico, June
16-20, 1991.

House, C. 1992, U.S. lags in shrimp
production, but research could pay
off soon. Feedstull, June 29, 1992,
Pp. 10,

Johns, 5.M., W, Griffin, A. Lawrence, and
J. Fox. 1981, Budget analysis of
penaeid shrimp hatchery facilities,
J. World Maricul. Soc, 12(2):305-
321

Kiley, M.D.. J. Svalina, and §. Walborn.
1991. 1991 Building Cost Manual,
15th edition. Craftsman Book Co.,
Carlsbad, CA.

* Amonyg other factors, this assumes that the hateheries” ineremental costs of improving and maintaining
high health quality PL does not exceod the incremental revenues derived from marketing premium PL.



Lawrence, A.L. and Huner, J.V. 1987,
Penaeid shrimp culture in the
United States: A brief overview
stressing species, seed production
and growout. In: Sinderman (Ed.)
Reproduction, Maturation and
Seed Production of Culture Spe-
cies. United States Department of
Commerce NOAA Technical Re-
port. National Marine Fisheries
Service. (47): 3141,

Leung, P.5. and L.W. Rowland. 1989.
Financial analysis of shrimp pro-
duction: An electronie spreadsheet
model. Computers and Electronics
in Agriculture 3:287-304.

McGovern-Hopkins, K., C.L. Browdy, J.D.
Holloway and J.8. Hopkins. 1991.
Penaeid shrimp hatchery system
development for South Carolina.
{(Abstract) World Aquaculture
Society 22nd Annual Conf. &
Expo., 8an Juan, Puerto Rico, June
16-20, 1991.

McVey, J.P. and J M. Fox. 1983. Hatch-
ery techniques for penaeid shrimp
utilized by Texas A&M NMFS
Galveston laboratory program. [n:
McVey, J.P. ed. CRC Handbook of
Mariculture, Volume I, Crustacean
Aquaculture, CRC Press, Inc.,
Boca Raton, F1. pp. 129-154.

Rhodes, R.J., P.A. Sandifer and J. M.
Whetstone, 1987, A preliminary
financial analysis of semi-intensive
penzeid shrimp farming in South
Carolina. S.C. Marine Res. Ctr.,
Tech. Rpt. No. 64.

Rhodes, R.J., 1992. Feasibility of estab-
lishing a marine shrimp hatchery
in South Carolina: Summary of

findings by The Hatchery Feasibil-

11

iy Study Committee. Office of
Figheries Management, Division of
Marine Resources, S8.C. Wildlife &
Marine Resources Dept., Charles-
ton, SC (Photocopy), September,
1992.

Stokes, A.D., J.S. Hopkins, C.L. Browdy,

and P.A. Sandifer. 1991, Commer-
cial farming of Penaeus vannamet
in South Carolina: the hatchery
stock dilemma. (Abstracl) World
Aquaculture Saciety, 22nd Annual
Conf. & Expo., San Juan, Puerto
Rico, June 16-20, 1991.

Treece, G.D. and M.E. Yates. 1988,

Laboratory manual for the culture
of penaeid shrimp larvae. TAMU-
S5G-88-202, Sea Grant College
Program, Texas A&M University,
College Station, TX.



A total of 200 copies of this document was printed at a total cost of $126.96. The unit cost
was $.634 per copy.




