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SPATIAL AND TEMPORAL ASPECTS OF POTATOES FOR CHIPPING: CURRENT
PRACTICES AND FUTURE DIRECTIONS

Spatial and Temporal Aspects of Potatoes for
Chipping: Current Practices and Future
Directions

by James W. Dunn, Thomas A. Brewer, Russell D. Powell,
Jon M. Carson, and Richard H. Cole*

ABSTRACT

Sixteen Pennsylvania potato chip makers are
surveyed about their potato acquisition and stor-
age practices. The feasibility of storing potatoes
for chipping at the plant is examined. Storage of
potatoes by the firms to be economically
attractive, especially for four to six months. The
implications of increased at-plant storage on move-
ments of potatoes are discussed.

INTRODUCTION

Allhr?)tldgh potatoes are uced in most states,
this production is not distributed in the same
proportions as population. Furthermore, potato
production in any state is seasonal while con-
sumption generally is not. As a result much of the
crop is transported a considerable distance to
consumers, either as tablestock or as processed
products. The high transportation cost relative to
the value of the oes makes the economics of
potato production particularly vulnerable to
changes in transportation prices. Beilock and
Dunn (1982) and Meyer and Phelps (1986) are just
two studies that have examined this relationship.
In general high transportation costs for raw pota-
toes encourage processing potatoes near the pro-
ducer rather near the consumer. The exception is
potato chips.

Potato chips. which are fragile and have a very
low density, must be produced near the con-
sumer. A shelf life of four to six weeks requires
chips be made as needed. As a result, chip
production is fairly constant throughout the year.

Potato production is not. The fall crop, by far
the largest. is the source of potatoes for chipping
during the fall and winter. Only the fall crop is
stored. Chips in the late fall and winter months
are made from potatoes out of storage. using
either locally-grown potatoes or potatoes from
other regions. Spring and summer oes are
chipped as they become available. Since they are
followed by the dominant fall crop, spring and
summer potatoes are used soon after harvest
without any long-term storage. Because these
seasonal crops are grown in different regions.,
chipping potatoes must be shipped to the con-
sumption arca. Traditionally chipping-stock
toes have been stored where they are
and shipped to chippers as needed.
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Potatoes must be handled carefully during har-
vesting and storage in order to ensure the quality
of the final product. Because a potato is still a
living organism through storage, bruises incurred
in harvest or while entering storage will heal
during storage if proper storage and handling
practices are followed. Bruises incurred during
removal from storage do not have time to heal
before processing. The best storage practices
include high humidity and temperatures of 50
degrees F. Before chipping the potatoes must be
warmed to 60 degrees F. for reconditioning to
lower sugar levels. Potatoes should be processed
into chips within two to four weeks after recon-
ditioning. For chippers, control of these storage
and handling requirements is important from a
quality control perspective.

Storage at the chipping plant may offer another
advantage to a chipper. The storage facilities at
the chipping plant will generally be larger than the
on-farm facilities, which should make at-plant
storage somewhat less expensive. As a result
storage at the chipping plant may be cheaper as
well as reducing damage and perhaps providing a
higher quality product than on-farm storage.

Since current practices generally involve mov-
ing potatoes to the chipping plant as needed,
storage at the plant would necessitate movement
to the plant at harvest. It may also involve sup-
plying the plant for the storage season from a
different onigin. This paper will: (1) examine cur-
rent potato acquisition and storage practices for
Pennsylvania potato chip manufacturers: (2) de-
termine the economic feasibility of storing chip-
ping potatoes in Pennsylvania: and (3) discuss the
likely implications of increased at-plant storage
on movements of potatoes. Although the results
are specific to Pennsylvania, they have implica-
tions for much of the nation’s potato industry.

CURRENT INDUSTRY PRACTICES

A survey designed to collect data describing
current storage facilities, practices. purchasing
patterns, and raw product costs was conducted in
the fall and winter of 1987-88. Sixteen large
Pennsylvania potato chipping firms participated.
Fificen of these firms accounted for 78% of all
potatoes used for chips in Delaware. Marytand.
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TABLE 1

Percentage of Monthly Purchases for Fifteen Pennsylvania Chip Manufacturers from Pennsylvania and
Other Supply States. (198687 crop year)

PA NY OH ND MNMI FL NC VA NJ DE MD TOTAL
Aug. 69.8 12.7 — —_ - = = — 127 48 — — 100
Sept. 54.0 36.5 —_ 95 — — = = - = = = 100
Oct. 36.5 479 —_ 156 — — — - - —_ = - 100
Nov. 42.2 19.7 — 368 13 — — _ - —_ = - 100
Dec. 39.7 22.4 _ 367 1.3 — — —_ - —_ - - 100
Jan. 30.9 22.5 7.1 395 — — — B T 100
Feb. 333 19.2 90 385 — — — S 100
March 25.5 13.2 10.1 512 — — — —_ = = = = 100
April 21.7 14.4 —_ 20 — — 119 — — — = = 100
May —_ —_ —_ _ - = 1000 - - - = - 100
June — —_ —_ — — — 473 486 41 — — — 100
July 12.5 —_ — —_ = —  — 311 331 142 83 08 100

Annual totals

1,000 cwt. 1959.3 1062.5 466.6 1483.0 17.6 4.6 1401.8 729.6 363.7 209.5 55.4 13.3 5.363.2

% 24.6 13.6 25 230 01 — 189 94 50 19 1.0 0.1 100
Pennsylvania and vicinity = Midwest Early South Intermediate
2,179.2 cwt. 1.243.3 cwt. 1,519.3 cwt. 423.4 cwt.

40.6% 23.1% 28.3% 8.0 % 100

Source: Survey data, 1987.

New Jersey, Pennsylvania, Virginia, and the Dis-
trict of Columbia during the | crop year.
Nationally the group surveyed accounted for about
18% of the potatoes used for chiﬁs. Raw product
price data were collected for each of the past five

years.

About 12% of U.S. potato production is made
into chips. The portion of the eastern crop used
for chipping is considerably greater than this,
perhaps as much as one-third. Although the re-
spondent firms used considerably more potatoes
than are produced in Pennsylvamia, less than half
of Pennsylvania-grown potatoes are used for chips.
Pennsylvania chip manufacturers purchase pota-
toes from several supply regions, with the source
varying with the time of the year. Table | shows
the origin of chipping potatoes by month for the
participating firms. From the beginning of the
fall-crop harvest until the harvest of the spring
crop in Florida in April, Pennsylvania chippers
obtain their potatoes from the Midwest (36.3%) or
Pennsylvania and vicinity (63.7%). From April

until early August, chippers buy newly harvested
potatoes from the Southeast. Most potatoes used
by Pennsylvania chippers in August come from
Pennsylvania. As the storage season progresses,
though, the portion of raw product from in-state
sources declines. From November through the
remainder of the storage season many Red River
Valley (North Dakota-Minnesota) potatoes are
chipped, in part because survey respondents be-
lieve these potatoes store better. Pennsylvania
chippers believe Red River Valley potatoes incur
fewer storage losses resulting from tuber defects
or mechanical damage during harvest. This pref-
erence for Red River Valley potatoes reduces the
Pennsylvania growers® share of the chipping po-
tato market.

The methods of transporting potatoes to the
plant depends on their origin. The extreme in-
volves deliveries to some plants in horse-drawn
wagons by Amish growers. More conventional
types are summarized in Table 2 for the various
regions. The most common mode is truck, prima-

TABLE 2
Transportation by Region
Number of Firms Using Type of Transportation

Typeof PA and vicinity Early South Intermediate Midwest
Transportation (PANY OH) (FL NC) (VA NJ DL MD) (ND MN MI)
Rail 0 0 0 5
Piggyback rail 0 1 0 0
Company trucks 2 1 | 0
Seller’s trucks 9 8 7 S
Independent trucks 14 14 13 il

Some firms use more than one type of transportation for shipments from the same origin.
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rily trucks belonging to third parties. Some of the
seller’s trucks may actually be contracted through
brokers rather than operated by the seller. Only
one firm used their own trucks for potatoes from
beyond a 30 mile radius of the plant. The modal
distribution changed little over the five years with
the exception of some movement away from rail
due to scheduling problems and competitive truck
rates. Three of the chippers said they had changed
from rail to truck for their shipments from North
Dakota because problems with rail.

Some chippers have sufficient storage capacity
for several months, while others have limited
storage capacity and meet raw product needs by
purchasing potatoes when needed. The longest
period any of these chippers held potatoes was
5.75 months.

The dependence of the industry on newly-
harvested potatoes in May. June, and July can
create problems. In 1987 the Florida potato crop
failed. A serious shortage of chipping stock arose
because the stored potatoes from the fall crop
were almost gone but no other region was in
production. Unwilling to raise the retail prices for
such a short-run problem, some Pennsylvania
chippers instead resorted to rationing. They al-
lowed established customers to buy only a frac-
tion of their usual order, and did not sell to new
customers at all. A freeze in 1989 in Florida
reduced the crop somewhat. In addition, rains
delayed planting in North Carolina, Virginia, and
Delaware. As a result chipping potatoes were
more expensive than usual this spring. In theory
the industry could store potatoes into May as a
form of insurance. So far limited capacity, the
losses from such long-term storage, and the higher
1:»ealily chips made from new potatoes have kept
them from doing this. Improving technology and
two small crops in three years may cause chip-
pers to consider such storage policies.

STORAGE FEASIBILITY

The feasibility of storage at the chipping plant
was studied. This involved a comparison of the
costs of owning and operating a storage facility
with the price differentials associated with buying
potatoes on the open market. The firm would
prefer to store the potatoes itself if the storage
cost is less than the price differentials they would
pay on the open market. These open market
purchases are usually through brokers from farmer-
owned storage.

The weighted average monthly cost of chipping-
stock purchases was calculated for each firm
using the prices and quantities from each firm’s
purchase under contract and in the open market.
These prices were delivered prices and included
the transportation costs from the seller. From this
a weighted average industry cost was calculated.
Each firm's monthly raw-product costs were
weighted by its proportion of total raw product
used. Monthly costs were used to reflect the
market’s valuation of the costs of storage includ-
ing all storage losses. A five-year industry aver-
age was calculated. A five-year period was used
to reduce the distortions caused by variation in
year-to-year potato production and prices. Raw-
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product costs for firms using their own long-term
stored potatoes were excluded in order to more
accurately reflect the potential gains from stor-

A modular storage design was used to evaluate
the profitability of different sized facilities. A
modular unit also adds flexibility, both for expan-
sion and for storage management. The envisioned
basic storage structure is a wood-frame. metal-
clad building with a concrete floor. Each unit
measures 48 ft. x 84 ft. x 16 ft. and has a capacity
of 12,000 cwt. This size unit and its configuration
provide the greatest amount of capacity per in-
vestment dollar, while still remaining compatible
with constraints imposed by the environmental
systems’ capacities. Furthermore, it was judged
to be of an appropriate size for potato recondi-
tioning. The capacity of an individual storage unit
should not exceed one month’s production needs.
The details about the storage facility, its costs,
and the underlying assumptions in the cost esti-
mates may be found in Powell et al. (1989).

The potatoes would be stored in 1,200 crates,
each holding 1,000 ib. Potatoes are stored in
crates rather than in bulk for greater ease of
handling and to reduce losses. Survey respon-
dents with crate storage had average losses of
3.2% compared to 10.3% by firms with bulk
storage, where both groups stored for similar
durations. The greater losses in bulk storage
appear to be caused by increased bruising of
tubers during handling, pressure bruising of tu-
bers at the bottom of the pile, and lack of control
over quality changes that cause deterioration but
may escape notice in bulk storage. The additional
investment in crates and the larger area required
for crate storage is offset to some extent by lower
losses and the lower construction costs for walls
that are not required to bear the lateral pressure
of a pile of bulk potatoes. The costs of construct-
ing bin storage facilities built in 1988 in western
New York were virtually identical to the invest-
ment costs for the crate facility used here.

The attractiveness of an investment in storage
facilities for chipping potatoes depends on how
long the potatoes are to be stored. The planning
honizon and the time value of money, or discount
rate, are also important. The potential investment
in storage is analyzed using the internal rate of
return (IRR). which is the interest rate at which
the net present value ofthe cash flow from the
investment equals zero. Since the investment
would occur at the beginning of the period and the
returns would occur each year as potatoes are
stored, the investment is analogous to a 20 year
annuity. As such, the relationship between the
initial investment and the annual cash flow de-
fines the internal rate of return.

Based on manufacturers’ estimates of the life of
various pieces of equipment and the expected life
of the crates, the storage facilities in this study are
assumed to have a 20 year life with no salv
value at the end. While the building would pro
ably last longer, the chip market and curmrent
seasonal chipping potato prices may not con-
tinue. A few additiona! years of net cash inflows
would increase the IRR only marginally.

The facility can be used to store potatoes from
one month to six months. The profitability of each
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riod is different since the price differentials
B:tween months differ and the cost of holdinﬁ
g(e)cu;toes increases with time in storage, bot

use of additional cash expenses and because
of increased storage losses. As a result the attrac-
tiveness of owning storage may vary with the
pattern of storage. For purposes of illustration
several examples are presented in Table 3.

The storage facility is assumed to be filled
during September and October, half in each month.
Three sizes of facilities are examined, a single
12,000 cwt. module, a six module, 72,000 cwt.
unit, and a ten module, 120,000 cwt. unit. Each
facility is analyzed for several utilization patterns.
In particular using the entire contents of the entire
facility in each month from November until April,
the larger facilities at constant rates for all months
from November to April. andthen the larger facil-
ities for multi-month combinations, but less than
the entire storage season.

Costs (shown in Table 4 for the 12,000 cwt.
unit) included in the feasibility study include: all
costs of construction for the facility except the
costs of the land: operating costs for the facility
including taxes, insurance, sprout inhibitor, dry-
rot inhibitor, labor, utilities, maintenance, and
storage losses; and the costs of the potatoes,
including transportation.

The prices paid for potatoes rise during the
storage season. The later prices are higher than
prices earlier in the season since they compensate
the seller for providing storage and absorbing the
storage losses, whether spoiled potatoes or shrink.
The differential per month ranges from 30 to 57
cents per cwt., with the largest differential for
April and the second largest for November. North
Dakota potatoes that come into Pennsylvania are
competitively priced on a delivered basis. so
these higher prices are not a reflection of the
transportation costs from North Dakota.

The internal rates of return are higher for the
longer periods of storage, going from a negative
return for November to over 22% for April. The
low returns for the shorter periods are pnmarily a
reflection of the small differentials between har-
vest prices and the November, December, and to
some extent the January prices. These small
differentials reflect the adequacy of existing stor-
age facilities and methods (generally on-farm stor-
age in bulk) for these shorter periods. As time in
storage increases the losses from bulk storage and
handling increase. As a result on-farm storage in
Pennsylvania beyond January | is unusual. So
also is storage at the plants. More often chippers
buy potatoes out of storage in other regions after
January 1.

TABLE 3
Internal Rates of Return for Selected Sizes of Storages Employing Various Utilization Patterns

Monthly Utilization (cwt.)

November  December

January  February M

April IRR*

g
3

12,000 cwt.
Storage
Capacity

12,000

N

<0.0
3.5%
9.3%
12.8%
16.5%
22.9%

gl

I~}
LT gl

72,000 cwt. 7
Storage
Capacity

g
|||§|| I

||||§ NERE-IRARN

88

3

828

<0.0

5.3%
11.4%
15.2%
19.2%
26.0%
13.4%
15.5%
18.2%
19.8%
22.8%

NERR §|||||

Igllll |‘§IIII

N
Il‘glll [

-
-

HH

REES

EREESN
888888

P>
<

BREES
88828

g

120,000 cwt. 12
Storage
Capacity

il

<0.0
5.9%
12.2%
16.0%
20.1%

]
RREINRIN

g
18111

Ilglll
gsgzss's

27.0%
14.2%
16.2%
16.7%
19.1%
21.3%
R 23.8%

the nearest tenth of a

-

BEBRRRE
8888888

§§|||||
N
SRR
8388

-

BERRY
88888

-

lll'§'§'§llll§

AN
N
SEERRS

8 |
L

“IRR is calculated on net cash inflows discounted annually
percent

rou
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To some extent the lower retumns for the early
months may reflect the power of the chippers in
negotiating grower contracts. Grower contracts
often require the growers to provide some stor-
age. Most of the chippers felt the higher price paid
for contracted stored potatoes covered the costs
of storage. However, the differentials paid are
usually a flat rate per month, such as 35 cents per
cwit. The operating costs of a storage facility have
a large component that does not depend on the
length of the storage period, perhaps 25 cents per
cwt., with a considerably smaller amount that
varies with time in storage. This latter amount is
mostly storage losses. The effect of this large
fixed component, the counterpart of terminal
costs in transportation, is that storage differential
that are a flat rate per month are generally inad-
equate for short storage periods. The investment
in the facilities produces another fixed compo-
nent, this associated with owning the facilities.
Even though November had the second largest
monthly pnice differential, 48 cents per cwt. higher
than October, this differential does not offset the
fixed component when costs for the investment
are included. To owners of an existing facility,
these investment costs are sunk costs. As a result
they may be willing to store for short periods
without full coverage of these costs.

For the 12,000 cwt. unit, the marginal operating
costs of an additional month in storage is about 11
cents per cwt. Since the monthly differentials are
about three times this amount, as the length of the
storage period increases so does the profitability

of operating the facility. The internal rates of

return for storage into January through April
generally exceed 10% on a before-tax basis, and
in later months are above 15%.

IMPLICATIONS FOR POTATO PRODUCTION
AND MOVEMENTS

Stomfe at the chipping plant would be most
profitable for January through Aé)ril. This period
1s now characterized bk; large inflows from other
states, especially North Dakota. If potato chip-
ping firms in Pennsylvania, and presumably other
northeastern states, were to invest in large scale,
at-plant storage it would alter the timing and
possibly the source of many of the fall-crop
potato movements.

Since the potatoes would be moved into stor-
age in September and October, the potatoes must
be delivered to the plant in these months instead
of throughout the storage period, as needed. This
would require more transportation in September
and October and less in the remaining months of
the storage period. Of course, September and
October are months when agricultural transpor-
tation is already busy. For the movements from
North Dakota to Pennsylvania, this would entail
moving almost 1.5 million hundredweight in two
months, a movement that has been spread over
eight months. A similar shift would occur for the
shorter New York to Pennsylvania movement. If
the incentives for at-plant storage exist in Penn-
sylvania chippers, they may also exist for chip-
pers in other states. If other chippers also shifted
their transportation needs to September and Oc-
tober it would aggravate what is already a difficult
seasonality problem in agricultural transporta-
tion. In addition to the difficulty in finding and
scheduling trucks and rail cars, congestion at
origins and destinations could be a problems.

When asked if more storage in Pennsylvania
had potential, fifteen of the sixteen chippers re-
sponded yes. Six mentioned transportation prob-
lems that might be avoided. Of these three were

TABLE 4
Operating Expenses and Storage Incentives for a 12,000 cwt. Facility'

Operating Expenses
Store Storage
Until Taxes? Insurance® Mertect* CIPC* Labor® Utilities” Maintenance® Losses® Total Incentive'®

(cents/cwt.)

November 1.3 5.5 2.0 00 5.0 4 6.6 10.7 34.6 68
December 1.3 5.5 2.0 00 5.0 4.0 6.6 153 399 101
January 1.3 6.9 2.0 80 5.0 48 6.6 210 55.6 147
February 1.3 6.9 2.0 80 5.0 5.5 6.6 29.2 645 177
March 1.3 6.9 2.0 80 5.0 6.0 6.6 39.2 75.0 211
April 1.3 8.2 2.0 80 50 6. 6.6 509 88.4 268

'A single unit holding 12,000 cwt. of potatoes, all of which are assumed to be used in the month

indicated.

2Taxes are based on the market value (cost in this case) of the structure at an annual rate of 0.254%.

3Insurance is paid quarterly at 0.2% of the market value (cost in this case) of the structure and 0.2% on
the value of the potatoes (at purchase cost) in storage during that quarter.

“Mertect materials and labor. Applied when placed in storage.

*Contracted CIPC application to inhibit sprouts. Applied in November but used only on potatoes to be

stored after December.

%$0.025/cwt. for labor when placed in storage and again when removed from storage.

7Utilities vary with utilization because empty units are not heated, cooled, or ventilated, but a
$10/month charge is assessed even when the storage is empty.

*Maintenance is based on 0.5% of structure cost plus 2.0% of crate cost.

?Dollar value of weight and quality losses.

“Difference between weighted average price/cwt. September and month indicated.
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linterested in avoiding shipment in the winter and
three were interested in avoiding the difficulty in
shipping long distances.

Several of the chipping firms said they pre-
ferred Red River Valley potatoes for storage
because they store better. Pennsylvania potatoes,
even when they are the same cultivars, appar-
ently do not have the appropriate characteristics
to handle long-term storage well. If this contin-
ues, more at-plant potato storage might not result
in more Pennsylvania potatoes being chipped at
the expense of out-of-state potatoes. Agricultural
scientists in Pennsylvania and other northeastern
states are working on varietal improvements that
will result in greater storability. IF this research is
successful, the presence of long-term storage
facilities at the chipping plant and the transporta-
tion bottlenecks that may result from consolidat-
ing long distance potato movements into the
harvest season may combine to increase the
market share of locally grown potatoes.

CONCLUDING COMMENTS

Investment in storage facilities for chipping
potatoes in Pennsylvania is economically attrac-
tive for some periods of storage. The added
control by the firm over their raw-material sup-
plies has benefits beyond the simple cash flow
issues. The convenience of having raw product
on site rather than depending on well-timed de-
liveries could avoid unforeseen delays that might
result from bad weather. It also would provide the
firm with more control over the quality of the raw
rmduct. Those who wish to store potatoes for
ate fall and early winter may even believe the
convenience and control to be sufficiently impor-
tant to offset the lower internal rates of retum
during these periods. Changing the storage loca-
tion from the farm to the chipping plant could
affect the origin of the potatoes chipped. Eastern
chippers might use more eastern potatoes than
they do now if they did their own storing.

This research assumes the monthly price dif-
ferentials will persist. Obviously these differen-

tials arose because of current practices. If a
substantial shift in seasonal demand for potatoes
and potato transportation should occur this would
increase prices of both in September and October
and decrease them in later months. This would at
least partially reduce the attractiveness of at plant
storage. .

The economics of storage would differ in other
areas. The advantages of reduced handling in the
storage period and chipper control over recondi-
tioning make on-site storage worth considering.
Incentives may exist for more at-plant storage for

tato chip manufacturers in many states. If the
incentives are sufficient, the movement of pota-
toes could become much more seasonal.
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