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Abstract

Farmers and food entrepreneurs are encouraged to enter direct and intermediated markets for
value-added food products, but do not have information that they need to determine whether
the markets are financially feasible for their operations. We conduct timed trials in a state-of-
the-art regional shared-use food processing facility in the Northeast, and test production costs
for two high-quality, safe, value-added frozen products: blueberries and spinach. We combine
this with research on capital costs, field research on distribution costs and baseline per-unit
revenues, and published research on potential market returns, and assess the conditions
under which frozen produce sales can be a good business choice for farmers and food busi-
nesses in local and regional food markets. We develop a roadmap and a calculator tool that
potential market entrants, extension agents, regional food business centers and other agricul-
tural support providers can modify to reflect local and regional market conditions. The tool
can help determine whether entering the frozen produce market is a good fit for a farm or
food business. In general, we find that frozen regional blueberries have potential to generate
a profitable return for medium-scale farmers with access to a shared-use facility, or farmer
aggregators with the ability to invest in their own facilities. Frozen regional spinach is unlikely
to generate a profitable return at the regional scale. Our results provide critical information to
policy makers regarding the scale of production necessary to justify investments in regional
shared-used kitchens. Results also suggest that policy makers should be cautious when
encouraging farmers and food businesses to enter value-added markets, as there is significant
potential for these markets to under-perform.

Introduction

There are opportunities for farmers to meet demand for local and regional foods in interme-
diated market channels and increase farm profitability by entering new markets for sales of
frozen value-added products. In particular, farmers could capitalize on opportunities provided
by investments in regional food processing facilities by freezing produce for retail sales in win-
ter, when supplies of fresh local food in the northern USA are low, and consumer demand is
left unfilled. Like many new marketing opportunities, however, farmers have not had access to
information they need to determine whether the retail market for value-added frozen produce
might be profitable for their farm operation and are often unaware of critical food safety reg-
ulations and quality best practices for frozen products that impact production costs and
profitability.

Research that illuminates direct-marketing opportunities for farmers has flourished in the
last three decades, but information regarding intermediated regional supply chains has been
less available (Ruhf and Clancy, 2022). At the same time, recent events such as the COVID
pandemic (Ali et al., 2021), extreme weather (Bullock et al., 2017) and geo-political (Ben
Hassen and El Bilali, 2022) events have disrupted global supply chains, leading to calls for
more regional food systems infrastructure that could improve resilience (Lengnick et al.,
2015; Ruhf and Clancy, 2022). While a systems-perspective suggests that regional food system
stability benefits when enough farmers enter regional value-added supply chains, individual
farmers, reasonably, may not be inclined to shoulder the risk of these unproven markets on
their own. Similarly, regional food businesses looking to rebuild regional-scale infrastructure
and provide facilities that farmers can access presents its own risks, with large capital outlays
and a lack of workforce knowledge required for success.

This study provides additional insights on the profitability of frozen produce for farmers
and food businesses and provides guidance for regional food business centers and regional
food businesses to determine whether to invest in regional-scale infrastructure to support fro-
zen food markets.
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First, we provide an analysis of costs and returns from a series of
timed frozen blueberry and spinach production trials, providing a
calculator that can be modified to incorporate different contexts.
Next, we compare the financial feasibility of two different process-
ing options (hiring a shared-use facility to co-pack frozen product
vs investing in frozen processing infrastructure) and two different
sales options (selling direct to consumers at a farm stand vs selling
through a traditional retail distribution channel). Cost and returns
estimates for two regional frozen products are obtained from a ser-
ies of timed trials conducted at a state-of-the-art regional scale FPF
in the Northeast. Our estimates necessarily reflect conditions spe-
cific to the time and place in which the study was conducted.
We encourage potential market entrants and advisers to fully con-
sider how regional market conditions vary from those estimated
below. To assist with these considerations, we provide two tools.
Figure 1 lays out the key questions we address in this study and
detailed steps that can be taken to assess conditions in other con-
texts. Supplementary Materials include the ‘Frozen Regional
Produce Feasibility Workbook’, a Microsoft Excel-based
Workbook that can be modified to reflect different value-added
horticultural products, methods, capital and processing options
and returns scenarios. We note that additional research using
these methods and tools in different locations and under different
assumptions will provide more precise estimates and will further
reduce market entrant risks.

The rest of this paper is divided into five sections. The section
‘Background and literature review’ introduces the motivation and
methodology employed to assess financial feasibility. The section
‘Production costs and returns assessment’ details the treatments
used to estimate processing costs, gather capital and distribution
costs and model returns. The section ‘Financial feasibility of fro-
zen different scenarios’ investigates the economies of scale, costs
and returns depending on different processing and sales options.
In the last section, ‘Discussion, conclusions and policy considera-
tions’, we discuss implications for individual farm operations,
entities that are considering infrastructure investments to support
regional value-added food markets and agencies and funders that
seek to support regional-scale value-added food systems.

Background and literature review

Food systems infrastructure

Investments in regional food systems infrastructure could support
‘local food’ systems to expand to a regional scale (Hinrichs, 2013;
Hardesty et al., 2014; McLaughlin et al., 2014; Fleury et al., 2016;
Ruhf and Clancy, 2022), allowing farmers to meet consumer
demand (Low et al., 2021) and provide more resilient food supply
chains (Lengnick et al., 2015; Ruhf and Clancy, 2022).
One approach to expanding food systems is for regional stake-
holders to invest in food processing facilities that support regional
markets for value-added products. The long-running USDA
Value Added Producer Grant program provides farm-level finan-
cial assistance for agricultural producers to enter into value-added
activities related to processing and/or marketing of value-added
products, allowing recipient businesses to reduce the risk of failing
and to provide more jobs than comparable businesses that do not
receive the support (Rupasingha et al., 2018). More recent federal
investments in regional food businesses aim to scale up support
for infrastructure too big for individual producers. In 2021,
USDA announced an investment of $500 million for local and
regional meat processors to rebuild capacity, make food systems

more resilient to shocks and deliver greater value to growers
and workers (USDA, 2021). In 2022, USDA announced a new
$400 million program to provide essential local and regional

Figure 1. Roadmap to determine financial feasibility of regional value-added
products.
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food systems coordination, technical assistance and capacity
building services ‘to help farmers, ranchers, and other food busi-
nesses access new markets and navigate federal, state and local
resources, thereby closing the gaps or barriers to success …
[and] assist small and mid-sized producers and food and farm
businesses with the goal of creating a more resilient, diverse,
and competitive food system’ (USDA, 2022). Investments in
regional food processing facilities can provide individual farmers
access to costly equipment and food processing expertise, allowing
them to enter markets for value-added products while reducing
the risk of investing in equipment and navigating food regulations
and quality challenges alone (McLaughlin et al., 2014).

Federal programs could help counteract the trend in food sys-
tems toward fewer, larger farms and firms in supply chains with
fewer up and downstream sellers and buyers. In the Northeast
food manufacturing sector, food processing firms declined 60%
between 1954 and 1981 (Blair, 1991 in Ruhf and Clancy 2022).
Consolidation and concentration in food supply chains can pro-
vide economies of scale that can serve to reduce overall produc-
tion costs and provide more affordable products for consumers
(MacDonald, 2017), but recent events suggest that the costs sav-
ings from eliminating supply chain redundancies may have unin-
tended consequences for food system resiliency (Ruhf and Clancy,
2022). In addition to the loss of physical infrastructure, consolida-
tion and concentration trends have contributed to a loss of
localized workforce skills required to successfully bring safe, high-
quality products to market in a cost-effective way (Danovich,
2016; Forgrieve, 2019). When there are few facilities, the loss of
one facility to even a temporary shut-down can have ripple effects
throughout the entire supply chain.

A more recent trend toward shared-use kitchen facilities and
food incubator programs has helped to somewhat offset the
effects of consolidation and concentration. Shared-use facilities
allow hourly use or the ability to hire trained staff to co-pack a
product, for an hourly fee or base rate (Econsult, 2016). The facil-
ities provide building, equipment, often product development
consultation, food safety training and other services to farmers
or food businesses (Myran, 2018).

Produce grown by small- and medium-sized farms can
become key ingredients in value-added and specialty foods,
such as shelf-stable and frozen foods made from fruits, vegetables,
grains and nuts (Feenstra et al., 2019). In 2018, Feenstra et al. sur-
veyed 240 specialty food manufacturers (SFM) and conducted 60
in-depth interviews with manufacturers and farmers in California,
Minnesota, Wisconsin, Washington and Oregon to investigate the
benefits, barriers and challenges for small- and medium-sized
farmers who want to sell products to SFMs. They found that sup-
plying produce for these markets could be an ‘important comple-
ment to a farm’s existing markets, and may be more stable and
predictable than direct-to-consumer sales’ (Feenstra et al.,
2019). In 2013, Pansing et al. investigated the potential for sus-
tainable economic development in the food sector, and identified
regional scale processing as a key leverage point with high poten-
tial for economic returns and job creation (2013).

High-quality, safe frozen produce

Food safety and quality are two critical concerns in value-added
markets (Grover et al., 2016; Barone et al., 2020). Forty-six percent
of foodborne illness outbreaks are attributed to fresh and minimally
processed produce, and the Center for Disease Control reports
about 20 recalls for frozen produce each year (Disease Control,

2020). Identifying and managing the controls necessary to produce
safe, frozen foods is critically important, and incidence of food
recalls and illness outbreak is significantly reduced when research-
ers provide food safety resources and technical tools to processors
(USDA, 2020; Disease Control, 2020). Frozen produce falls within
the Preventive Controls for Human Food (PCHF) regulation (FDA
n.d.), a relatively new rule under the Food Safety Modernization
Act (FSMA), which was implemented to proactively reduce the
incidence of foodborne outbreaks by increasing food safety man-
agement. The expense and expertise associated with ensuring that
processed products are safe, high-quality and maintain a reasonable
shelf-life can be high, particularly for a small- or medium-scale
operation (Ribera et al., 2012; Overdiep and Shaw, 2019).
Even when small- and medium-sized facilities are exempt from
the most costly PCHF regulations, downstream distributors and
retailers increasingly require additional food safety and quality con-
trols from their suppliers to reduce their own liability (Henson and
Reardon, 2005).

In addition to maintaining process controls for food safety,
optimized process conditions yield the best quality. While frozen
produce helps to provide convenience and access to produce all
year round, the freezing process and storage conditions can
have deleterious effects on the product quality, such as in textural
changes and water weeping (Ferreira et al., 2006; Mazzeo et al.,
2015; Paciulli et al., 2015). Temperature conditions need to be
determined within the mid-scale operational capacity of the facil-
ity to maximize product quality and minimize operational costs.

Regional capacity for retail frozen produce

This study is conducted with one fruit and one vegetable product.
We chose these two products for several reasons. First, we con-
ducted a focus group and survey of regional farmers to evaluate
their interest in this market, including what products they grew
and would be interested in freezing for retail markets. Second,
we evaluated regional supply of the products to determine if suf-
ficient quantity is grown to justify investment in regional-scale
processing infrastructure. Third, we reviewed market research to
identify consumer demand and market potential for frozen pro-
duce. Fourth, we considered the opportunities and limitations
of the processing line that was available for our research.
Overall, we decided to conduct trials using one product likely to
be profitable (blueberries) and one product we were unsure
would be profitable (spinach) at the regional scale.

Potential supply and demand
The market for local and regional food in the Northeast USA is
significant. In 2015, 30,297 farms in the Northeast sold $1.9 bil-
lion of locally branded products in the Northeast, and 167,009
farms sold $8.7 billion such products nationwide (USDA
Economic Research Service, 2015). Twenty farmers gathered in
March 2015 to discuss the potential to freeze freshly harvested
produce for winter retail sales, including why so few took advan-
tage of value-added production and marketing opportunities.
Farmers responded that farm operations that produced
scale-appropriate volumes of produce for regional retail frozen
processing were too small to individually conduct market research
needed to assess the key components of profitability in this mar-
ket. That focus group identified knowledge barriers preventing
them from assessing profitability. In October 2016, we surveyed
Northeast farmers (n = 183; 23% response rate), confirming
focus group results. We found that 63% of the respondents were
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interested in entering this market but needed more information.
Sixty-three percent required information about processing/produc-
tion costs, 57% were concerned about food safety/quality assur-
ances and 49% required more information about packaging/
marketing. Medium-sized farmers comprised 17% of responses
(compared to 13% regionally). In our survey, 50% of farmers
grew either/both blueberries/spinach. Of the 69% who indicated
interest in frozen retail sales, 65% grew either/both products.

Blueberries and spinach grow well in the Northeast. In 2012,
275 operations harvested 556 acres of spinach, and yield in the
Northeast is about 7000 lbs/acre, totaling 3,892,000 lbs. In 2012,
2593 operations harvested 21,594 acres of blueberries, and yield
in the Northeast is about 4500 lbs/acre totaling 97,173,000 lbs
(USDA, 2017). Frozen blueberries/spinach are leaders in frozen
fruits/vegetables retail sales. Market researcher Mintel reports
that blueberries are the leading product in the frozen fruit cat-
egory (Bloom, 2014). The Institute of Food Technologists simi-
larly found that frozen produce was among the top ten food
trends (Sloan, 2015). To check these national trends against
regional trends, we interviewed three regional retailers, and
found that about one-third of frozen fruit products stocked are
frozen blueberries, and that about 50% of frozen sales was gener-
ated by frozen blueberries alone. Spinach was the third highest
vegetable in sales generated, ranking below peas and corn.

Processing facility capacity
The food processing facility (FPF) used in this study has the most
robust processing capacity that was available for this research in the
Northeast, but there are still gaps in their processing line that lim-
ited the crops that we could trial. Top selling frozen vegetables,
such as peas, corn and green beans (Sloan, 2015), all require signifi-
cant pre-freezing product preparation. Preparation can include
expensive labor and/or equipment to shell/strip kernels/snip ends.
Recently blights in the Northeast have made broccoli unreliable.
Spinach requires only thorough washing, chopping and blanching.
Other top selling frozen fruits have high spoilage rates (raspberries)
and/or high labor costs (topping strawberries). Stone fruits require
peeling, de-stoning and treatments for browning.

The potential for regional scale value-added food production is
high, yet there is no guarantee that public and private investments
will necessarily result in a more resilient food system, much less
one that provides a stable, profitable return to farmers (Dimitri
and Gardner, 2019). Potential market entrants, both farmers
and regional food businesses, are understandably concerned
that they do not have sufficient information to risk entering this
market. This study provides information and tools that can be
used to help possible market entrants make informed decisions
(Cavigelli et al., 2009; Angioloni et al., 2016; Gaskin et al., 2020).

Production costs and returns assessment

To investigate the financial feasibility of frozen regional produce,
we drew from four sources. The first source, in-depth financial
analysis of a well-established, non-profit, regional shared-use
FPF in New England (Western Massachusetts Food Processing
Center at the Franklin County Community Development Corp.
in Greenfield, Massachusetts), provided information about fixed
capital costs for building and maintaining a regional-scale facility
with capacity to produce sufficient volumes of high-quality,
safe frozen products. The second source, a series of timed
freezing trials, provided variable processing costs under different
processing specifications. The third source, field research to

determine distribution costs and baseline per unit returns, pro-
vided information about post-processing net revenues. The fourth
source, published market research, provided parameters for price
premiums for local and regional value-added food.

In this section, we first discuss the methodologies used to esti-
mate capital and processing costs. We then apply these method-
ologies to our two products and estimate costs per pound for
blueberries and spinach. Costs differ for the two products in the
equipment used and the labor costs associated with preparation,
cleaning and packaging. We consider the costs from the perspec-
tive of a daily usage rate, as well as the cost of establishing a new
facility from scratch. We summarize the fixed, variable and total
costs per pound for each of the two products. Last, we consider
the returns associated with different methods of selling the prod-
uct, namely through a farm-stand or through a retailer.

Capital costs methodology

We estimated capital costs, i.e., building and equipment costs,
associated with the FPF through a review of financial documents,
interviews, and field research to determine current market prices
for less common items. The costs of capital items are generally
determined as the sum of depreciation, interest, repairs and main-
tenance, taxes and insurance (DIRTI).

FPFs may perform many different tasks, including procuring raw
product from farmers, arranging proper cold chain product storage,
transportation and receiving; packaging, labeling, pricing and storing
frozen product; and arranging sales to product buyers. We worked
with a shared-use commercial kitchen and certified FPF that pro-
vides space and expertise to food businesses and farms to start
and grow their businesses. This facility is one of the first in the coun-
try to adopt a commercial-quality frozen processing line of the three
facilities. The FPF is at the vanguard of the movement to invest in
local food systems infrastructure, and provided procurement, pro-
cessing, storage, distribution and marketing data for our analysis.

Equipment
• Depreciation for the building and equipment used in processing
blueberries and spinach was determined following a straight-
line approach. For each capital item, we used the current
value, useful life and salvage value to estimate daily depreciation
costs. Current values were taken from FPF records and field
research. We determined salvage values by reviewing prices of
various used items offered for sale online. Useful lives are
based on product specifications.

• Interest is either the interest paid on a loan or an opportunity
cost for a capital item that was purchased outright (no loan).
We used small business loan interest rates for capital items.
(see Appendix A for small business loan details).

• Repairs and maintenance were determined from FPF records on
monthly expenditures for repairs and maintenance of all build-
ing and equipment. We estimated an aggregate daily value for
repairs and maintenance assuming 20 business days per month.

Building
• Property taxes are not charged to a non-profit like the FPF.
For-profit ventures, however, would be subject to property
taxes.1

1For example, taxes are charged by the town in which the FPF is located against com-
mercial and industrial buildings at the current tax rate ($22.36 per $1000 of valuation in
2019). The town charges a single tax rate for both residential and commercial real estate.
Taxes are not charged against equipment.
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• Insurance costs are estimated from an aggregate daily cost of
insurance based on monthly payments and assuming 20 busi-
ness days per month.

We estimate the capital costs of freezing blueberries and spinach
for one production day based on rent charged for the FPF by the
parent non-profit, which owns the building. That rental value
covers the daily cost of using the facility. We assume that a full
day is required for freezing either blueberries or spinach.
Interest reflects an opportunity cost for the assessed value of
building. Repairs and maintenance are from reported expenses.
Taxes are not charged, as the non-profit does not pay taxes.
Insurance expenses are those reported for the FPF. We add depre-
ciation and opportunity costs for the equipment used for process-
ing (freezing) the blueberries and spinach. Daily costs of capital
are annual costs using an average of 20 business days per
month. Building costs for the FPF, including rent, maintenance
and repairs, and insurance are $184.83 per day (Table 1).

We also develop a second set of capital cost estimates to con-
sider the possibility of beginning a new facility from scratch. We
assume the entity is a for-profit firm that secures a loan for the
value of the required building and equipment. All five DIRTI
components discussed above are included in this estimate for
the building and equipment used in freezing blueberries and spin-
ach. Again, daily costs of capital are calculated assuming 20 busi-
ness days per month.

An individual quick-frozen (IQF) machine and liquid nitrogen
are used in freezing the products. The IQF is a capital item as is

the liquid nitrogen tank. Liquid nitrogen tanks can be rented from
a company and that rental value is assumed to represent the
appropriate DIRTI costs associated with ownership. The rental
costs for the liquid nitrogen tank may over-estimate the costs
because the firm renting the tank likely includes some profit
within the monthly rental rate.

DIRTI capital costs for freezing
The assessed value of the FPF is $759,402 and a salvage value for the
building is assumed to be $200,000. (This may be conservative as no
real estate appreciation is assumed.) Straight-line depreciation is
determined based on a 30-year life. Interest is determined based
on an annual interest rate of 6% and the current assessed value of
the building of $759,402. Repairs and maintenance are based on
FPF records and are identical to the costs assumed above in
Table 1. We calculate taxes based on the assessed value and the
local property tax rate. Insurance is based on FPF records and is
also identical to the value used above. The total costs for the build-
ing are allocated based on an average of 20 business days per month.
The building is used throughout the year, so the daily rate is not
based on only the number of days used for freezing fresh produce.
Total daily costs to a private for-profit firm to own and use a build-
ing of equal assessed value are $439.80 (Table 2).

Importantly, these two cost estimates represent the costs of
using the FPF and its equipment (or an identical privately
owned facility) to freeze blueberries for one full day. These costs
will be the same regardless of the amount of blueberries frozen.
It is assumed that retail bags will be the final product and equip-
ment is included for freezing blueberries and sealing them in plas-
tic bags. Processing for wholesale would not require the ‘check
weight filler’ or the ‘band sealer’ equipment included above—a
reduction in costs by more than $20 per day. The label printer
for printing bag labels would also not be required reducing the
equipment costs slightly.

Utilities
We base utility costs on data from the FPF on expenditures for
utilities such as water, electricity, natural gas, water/sewer, laundry
service, pest control and other necessary monthly expenditures
like rental costs for the liquid nitrogen tank. While the tank
could be a capital investment, the FPF chose a rental contract
with the firm that provides liquid nitrogen. These inputs are
necessary expenses for the FPF and are combined as a part of

Table 1. Building costs

FPF building Value/cost Period Daily cost

Days
per

month

Rent $1666.67 Monthly $83.33 20

Facility maintenance/
repaira

$1446.68 Monthly $72.33 20

Insurancea $583.33 Monthly $29.17 20

FPF building totalb $3696.68 Monthly $184.83 20

aBased on FPF records.
b Items in bold represent category totals.

Table 2. Estimated freezing costs for a firm owning a facility like the FPF

FPF building Value/cost Period Daily cost Days per month Salvage value

FPF value $759,402 $200,000

Depreciation (straight-line, 30 years) $1553.89 Monthly $77.69 20

Interesta $3797.01 Monthly $189.85 20

Facility maintenance/repairb $1446.68 Monthly $72.33 20

Taxesc $1415.02 Monthly $70.75 20

Insuranced $583.33 Monthly $29.17 20

FPC building totale $8795.93 Monthly $439.80 20

aInterest on the building is based on a 30-year mortgage at an interest rate of 6\%.
bBuilding maintenance and repairs based on FPF records.
cTaxes based on the FPF assessed value and the Greenfield, MA, 2019 tax rate of \$22.36 per \$1000.
dInsurance based on FPF records.
eItems in bold represent category totals.
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the fixed costs of processing. Daily costs for these utilities are cal-
culated from the monthly expenditures for utilities and are based
on 20 business days per month. These costs are paid monthly and
while they may vary based on the amount of produce frozen (e.g.,
water, sewer, electricity), the amounts of these utilities are not eas-
ily measured based on amount or type of product frozen. Thus,
these expenses are based on FPF records and are used to estimate
costs for one day using the facility to freeze blueberries. These are
necessary overhead expenses and many are unavoidable (e.g.,
liquid nitrogen tank rental) due to contracts, implying they
should be included in the fixed costs of freezing. Table 3 shows
the daily costs of utilities for freezing blueberries including rental
of the liquid nitrogen tank rental, water/sewer, electricity, natural
gas and other necessary monthly expenses. Daily costs are based
on 20 business days per month. Total utility costs are $376.31 per
day for freezing blueberries at the FPF. Energy (gas and electri-
city) represents over 46% of utility expenses for freezing. Rental
of the liquid nitrogen tank adds an additional 15% of a day’s util-
ity expenses. We use the same daily cost estimates for spinach.

Processing costs methodology

We estimated processing costs for frozen blueberries and spinach
through iterative operational cost analysis (Browning and
Eppinger, 2002) over a series of five (three for blueberries, two
for spinach) at-scale freezing trials. We purchase inputs (raw
local blueberries and spinach, packaging, labor) and process
at-scale quantities of safe, high-quality frozen retail products at
the FPF. We closely monitor and time processing activities
using five researchers with stopwatches, and map processing
activity using Gantt charts. We weigh-in raw product and weigh-
out both compost/waste and final product, and track use of all
relevant inputs. We assess costs of each processing stage inde-
pendently so facilities with different production capacities can
swap out stages and independently assess their own costs, as
needed. The primary focus in estimating costs of freezing during
each trial was on the number of workers, time and equipment
needed for each of the tasks required to receive, process and
pack the raw product. Based on the estimated capital costs
(above), imputed capital (building and equipment) and utilities

costs were added, as well as the materials and supplies needed spe-
cific to the product produced (raw produce input, bags, labels,
boxes, etc.). For both blueberries and spinach, our focus was on
determining the costs of processing for retail-pack sales.

Supplies: materials and ingredients
This category of costs is variable and depends upon the amount of
product that is processed. These costs include the raw vegetable or
fruit to be processed and supplies or materials needed to freeze
the raw product, including food safety supplies like hair nets,
masks and gloves and packaging supplies like bags, boxes and
labels. Liquid nitrogen used to freeze the product can be measured
after each day of processing and can be easily assigned to the
product. Liquid nitrogen used per pound of product processed
is calculated and included in the supplies for processing. We esti-
mated that the liquid nitrogen costs are approximately $0.132 per
pound of processed product based on tank measurements before
and after freezing products. This estimate reflects liquid nitrogen
‘start-up’ costs of cooling the IQF; greater amounts of product fro-
zen during a run will reduce the cost per pound.

Labor
Labor costs for processing are straightforward—they are the
aggregate of payments to staff that worked to freeze the blue-
berries and spinach. The time worked for each individual multi-
plied by their wage is aggregated. Additional labor costs are
charged for management and administration. The FPF processing
methods may differ from other processing methods. To allow
other individuals or firms to compare their costs of freezing,
time spent on each task in the FPF process was collected by obser-
vation for each worker. The time-tracking tools used during
observation are shown in Tables B1 and B2 in Appendix B.
The time-tracking tools show the same basic processes with a
few additional steps for spinach processing, as spinach requires
the additional steps of blanching, cooling and forming into pat-
ties. Initial trials with spinach showed that placing the blanched
and cooled spinach on the IQF belt resulted in low yields, less
than 50%, and much longer cleaning time for the IQF after pro-
cessing. The decision was made to create spinach patties that were
placed on the IQF belt increasing yield by 25% (to 75%) and redu-
cing cleaning time for the IQF following freezing (see Appendix A.
for time-tracking sheets used in data collection.)

Cost estimates for blueberries and spinach

Capital costs
Estimated capital costs for one day of freezing blueberries are
shown in Table 4 and for spinach in Table 5. Equipment costs
are based on depreciation, opportunity costs (assuming an invest-
ment of the asset values shown) and repairs and maintenance.
Taxes and insurance are not charged on specific equipment
items. Annual depreciation costs are converted to a daily value
using the estimated number of days equipment is used in a typical
year. The IQF and associated equipment are used 52 days in a typ-
ical year. Opportunity costs are calculated using an annual inter-
est rate of 6%. We allocate the annual opportunity costs assuming
20 business days per month. Monthly repairs and maintenance
based on FPF records are also allocated assuming 20 business
days per month. Total equipment costs for a day of freezing blue-
berries at the FPF are estimated to be $177.27.

Capital costs for freezing spinach at the FPF are very similar to
the capital costs for freezing blueberries. There is one important

Table 3. Estimated daily utility costs for freezing at the FPF

Utilities
Cost per
month

Days per
month

Daily
cost

Liquid nitrogen tank
—rental

$1134.00 20 $56.70

Water/sewer $500.00 20 $25.00

Electric $2583.33 20 $129.17

Gas (heat and hot
water)

$916.67 20 $45.83

Trash removal $750.00 20 $37.50

Cleaning supplies $583.33 20 $29.17

Other supplies $422.24 20 $21.11

Laundry service $416.67 20 $20.83

Pest control $220.00 20 $11.00

Utilities totala $7526.24 $376.31

a Items in bold represent category totals.
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difference; the nature of the vegetable makes it impossible to use
the FPF ‘vibratory filler’machinery to fill retail bags with the spin-
ach. Spinach also requires blanching prior to chilling using the
dunk tank and freezing. Daily cost for equipment needed to freeze
spinach is less than the costs for blueberries because the check-
weight filler was not used. But the need to hand pack the retail
bags of spinach results in higher labor costs.

Equipment must be housed somewhere and those costs must be
included. The FPF pays monthly rent to the venture center. Rather
than depreciation and interest costs, the rent paid ($1666.67 per
month) is included. Insurance costs are also added as well as repairs
and maintenance to the building based on the FPF records. As a
non-profit, the FPF does not pay taxes. As shown in Table 2,
total FPF building costs are $3696.68 per month, or $184.83 per
day. Adding building costs and equipment costs, the total costs
charged by the FPF for a day of freezing fresh produce is $362.10.
This represents the costs to the FPF for one day of freezing blue-
berries at their facility.

Supplies: materials and ingredients
The costs of supplies and ingredients are variable costs that
depend upon the type and amount of blueberries that are frozen.
Supplies and ingredient costs, including the raw produce, are cal-
culated from the quantity used and per unit costs of supplies used.
In addition to the raw produce, inputs such as bags, boxes, hair
nets, labels, sanitizing products and other materials are included.
Liquid nitrogen is included in material cost; the tank used to store
the liquid nitrogen is included under capital costs. To determine
the amount and costs of liquid nitrogen, tank measurements were
used to calculate the volume. The price per gallon of liquid nitro-
gen was used to estimate the costs and a cost per pound of blue-
berries/spinach frozen was determined. The cost of liquid
nitrogen per pound of blueberries/spinach frozen can be used
to estimate liquid nitrogen costs for alternative levels of produc-
tion. Greater amounts produced would result in lower per
pound costs because of the liquid nitrogen required to cool the
IQF before starting to process.

Table 4. Estimated daily capital costs for freezing blueberries at the FPF

Equipment Value/cost
Number
used

Daily depreciation
(straight-line) Salvage value

Asset life
(years)

Days per
year

IQF $20,000.00 1 $9.62 $10,000 20 52

IQF dual pack table and scales $5870.00 1 $16.13 $0 7 52

Check weight filler $9457.00 1 $19.07 $4500 5 52

Electric pallet jack $2200.00 1 $3.85 $1200 5 52

Band sealer $1602.00 1 $4.24 $500 5 52

Prep table $700.00 3 $2.69 $0 15 52

Utility cart $129.00 2 $0.65 $0 2 52

Brute $35.00 6 $2.48 $0 2 52

Spinner centrifuge $2330.07 1 $3.19 $1500 5 52

Basket for spinner $260.37 1 $2.50 $0 2 52

Dunk tank $5300.00 1 $3.59 $2500 15 52

Baskets for dunk tank $310.00 4 $4.77 $0 5 52

Label printer 1 $400.00 1 $2.40 $150 2 52

Label printer 2 $150.00 1 $0.38 $50 5 52

Total equipment and
depreciationa

$51,377.44 $76.93

Total equipment interest/
opp. costc

$256.89 Monthly $12.84

Equipment maintenance/
repaird

$1750.00 Monthly $87.50

Equipment total $177.27

FPF building Value/cost Period Daily cost Days per
month

Rent to the venture center $1666.67 Monthly $83.33 20

Facility maintenance/repaird $1446.68 Monthly $72.33 20

Insuranced $583.33 Monthly $29.17 20

FPF building totalb $3696.68 Monthly $184.83 20

Total FPF daily capital costs $362.10

aWeighted sum of all equipment values and straight-line depreciation where weights are the number of items.
bItems in bold represent category totals.
cOpportunity costs based on a 6\% rate of return.
dMaintenance and repair and insurance are based on FPF records.
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As an example, consider a batch of 500 pounds of blueberries
frozen and packaged in 12-ounce plastic retail bags. Bags were
packed in boxes (12 bags per box) for storage. Liquid nitrogen
cost was 13.2 cents per pound frozen. The costs of supplies and
ingredients are shown in Table 6. The cost of the raw blueberries
is about half of total supplies and ingredient costs.

For this research trial, we processed batch sizes of 500 pounds
of spinach. Supply costs for freezing spinach are shown in
Table 7.

Labor
The labor required differs depending upon the process followed to
freeze the raw product and the amount of raw product delivered
for freezing. Labor inputs for each part of the FPF process for
freezing blueberries are shown in Table 8 and for spinach in
Table 9. The labor costs shown below are for packaging a total
of 500 pounds of blueberries in 12-ounce plastic retail bags and
500 lbs of spinach in 16-ounce plastic bags.

The spinach was blanched, chilled, spun, then formed into
patties (about the size of a hockey puck). The spinach patties
were then frozen and hand packaged in retail bags (16 ounces
each). The tasks of patty-making and packaging (bag, seal,
box) represent 43% of the labor input. The patty-making, a
time-consuming process, was in response to poor yields (less
than 50%) when trying to freeze loose spinach and the time
required to clean the IQF after freezing. Small bits of loose
spinach were embedded in the IQF belt requiring a lot of tedi-
ous labor to clean the belt. The patties created much less mess
in the IQF and also led to smooth and rapid IQF input.
Freezing the patties resulted in substantial improvements in
both yield and cleaning time but did add labor for forming
the patties.

The costs cover all labor required, from receipt of the raw
product to final clean-up at the end of the day. Developing a
cost per pound of final product (or a cost per bag) depends
also on the yield, the final product weight divided by the raw

Table 5. Estimated daily capital costs for freezing spinach at the WMFPC

Equipment Value/cost
Number
used

Daily depreciation
(straight-line) Salvage value

Asset life
(years)

Days per
year

IQF $20,000.00 1 $9.62 $10,000 20 52

IQF dual pack table and scales $5870.00 1 $16.13 $0 7 52

Electric pallet jack $2200.00 1 $3.85 $1200 5 52

Band sealer $1602.00 1 $4.24 $500 5 52

Prep table $700.00 3 $2.69 $0 15 52

Utility cart $129.00 2 $0.65 $0 2 52

Brute $35.00 6 $2.48 $0 2 52

Spinner centrifuge $2330.07 1 $3.19 $1500 5 52

Basket for spinner $260.37 1 $2.50 $0 2 52

Dunk tank $5300.00 1 $3.59 $2500 15 52

Baskets for dunk tank $310.00 4 $4.77 $0 5 52

Label printer 1 $400.00 1 $2.40 $150 2 52

Label printer 2 $150.00 1 $0.38 $50 5 52

Total equipment and
depreciationa

$41,920.44 $57.86

Total equipment interest/
opp. costb

$209.60 Monthly $10.48

Equipment maintenance/
repairc

$1750.00 Monthly $87.50

Equipment total $155.84

WMFPC building Value/cost Period Daily cost Days per
month

Rent to the venture center $1666.67 Monthly $83.33 20

Facility maintenance/repairc $1446.68 Monthly $72.33 20

Insurancec $583.33 Monthly $29.17 20

WMFPC building totald $3696.68 Monthly $184.83 20

Total WMFPC daily capital
costs

$340.67

aWeighted sum of all equipment values and straight-line depreciation where weights are the number of items.
bOpportunity costs based on a 6% rate of return.
cMaintenance and repair and insurance are based on WMFPC records.
d Items in bold represent category totals.
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product weight. The yield for freezing blueberries was very high at
99%. The yield for spinach was lower at 75%.

Data on labor input by task were gathered by observation. A
team of five observers recorded start and end times for each
task, by individual worker. To ensure coverage, team member
assignments overlapped so that each of the worker’s times were
recorded by at least two team members. The amount of time indi-
viduals spent working on each task was determined; starting and

stopping times were recorded and the difference calculated. Times
on task were then aggregated to determine total labor required to
process the raw blueberries. While individuals earned different
wages due to experience, an average wage rate of $17.23/h was
used in calculating the labor costs for each task and the total
labor costs.

The greatest amount of labor for freezing blueberries was
for packaging into the plastic retail bags. The task required
weighing the frozen product into the bags, sealing the bags
and packing them into boxes. For blueberries, a ‘vibratory filler’
machine was used to speed the process. The time required for
packaging also affected the IQF time because the blueberries
could not be left sitting very long before packaging. The pack-
aged blueberries were immediately boxed and placed in a
freezer. Total time and costs for the IQF and packaging portions
of the process represented about 45% of all labor. General
clean-up throughout the process and the final clean-up repre-
sented about 19% of all labor input. Fringe benefits are included
as 40% of wages.

Spinach patty-making and packaging represent 43% of total
labor. Clean-up throughout the process and final clean-up repre-
sented about 20% of labor, not substantially different from the
clean-up for freezing blueberries, though total labor for spinach
is higher.

Additional administrative labor costs are also added
(Table 10). These costs represent administrative and management
costs for the FPF and fringe benefits for those staff. This labor
provides a wide range of services, like business development
(contacts and contracts with buyers and sellers, as discussed
in Appendix D), financial management and directing the FPF
operations. These are costs specific to the FPF. While a for-profit
firm would also have administrative costs, they may be very
different and there may be cost savings in freezing blue-
berries. Combining the administrative labor costs ($537.60) and
production labor costs results in a total labor bill of $1292.44
for blueberries and $1603.39 for spinach.

Table 6. Supplies and ingredients for freezing blueberries at the WMFPCa

Supplies Prices Units Number Cost

Bags $0.06 Ea. 672 $40.32

Boxes for bags $0.47 Ea. 56 $26.32

Labels $0.01 Ea. 728 $7.28

Hairnets $0.03 Ea. 8 $0.24

Beard nets $0.02 Ea. 5 $0.10

Gloves $0.12 Ea. 16 $1.92

Heavy duty edge protectors $3.40 Ea. 4 $13.60

Supplies total $89.78

Ingredients

Blueberries $2.30 508.4 $1169.32

Liquid nitrogen $0.132 $/processed lb. 508.4 $67.11

Sanidate $7.06 $7.06

Ingredients totalb $1243.49

Supplies and ingredients total $1333.27

aThese estimates are for freezing 508 pounds of blueberries.
b Items in bold represent category totals.

Table 7. Costs of materials/supplies and ingredients for freezing spinach

Materials/supplies
Price

($ each) Number Cost

Bags $0.06 375 $22.50

Boxes for bags $0.47 32 $15.04

Labels $0.01 407 $4.07

Hairnets $0.03 8 $0.24

Beard nets $0.02 5 $0.10

Gloves $0.12 16 $1.92

Heavy duty edge
protectors

$3.40 4 $13.60

Materials/supplies
totala

$57.47

Ingredients Price Amount Cost

Fresh spinach $3.40/lb. 500 pounds $1700.00

Liquid nitrogen $0.132 $/lb. frozen $66.00

Sanitizing liquid $2.28 Total $2.28

Ingredients total $1768.28

Total materials/supplies
and ingredients

$1825.75

a Items in bold represent category totals.
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Summary: freezing costs
Table 11 combines the freezing costs for blueberries and Table 12
for spinach. The costs are for one day of processing the fresh pro-
duce into retail bags (12-ounce for blueberry and 16-ounce for
spinach) and one day’s use of the FPF. Capital costs include build-
ing, equipment, utilities, supplies and labor used to receive the
product, prepare for freezing, freezing, packaging and cold storage
of the bags in boxes. Also included are labor for clean-up and
administration of the FPF. The greatest costs of frozen blueberries

are the supplies and ingredients, and this cost is primarily the fresh
blueberries. The price paid for blueberries for this research trial was
$2.30 per pound and $3.40 per pound for spinach purchased
(given the yield of 75%, the effect of cost of the spinach is $4.53
per pound of final product). Production labor adds about $1.20
per pound to the costs of freezing blueberries and $2.84 per
pound for spinach. Administrative labor adds $1.06 per pound.
Total processing costs per pound are estimated to be $6.32 for blue-
berries and $11.06 per pound for spinach. Adding additional

Table 8. Labor input and costs for freezing blueberries at the WMFPC

Task Number of employees Labor (hours) Labor cost ($)a Percent of labor

Receive and weight product 1 0.17 $2.87 0.66

Pre-production set up/sanitation 4 4.08 $70.36 16.12

Box set up 2 1.08 $18.67 4.28

Bag labeling 2 1.83 $31.59 7.24

Wash/rinse/sanitize (dunk tank) 2 1.33 $22.97 5.26

Spin 1 0.67 $11.49 2.63

IQF input 1 2.83 $48.82 11.18

Bag, seal, box 3 8.50 $146.46 33.55

Clean-up (general) 4 1.17 $20.10 4.61

Final cleanup 4 3.67 $63.18 14.47

Total for all tasksb 5 25.42 $436.39

Fringe benefits (40% of wage) $174.60

Total labor costs 5 27.58 $611.09

aAn average wage rate of $17.23/h was assumed.
b Items in bold represent category totals.

Table 9. Labor input and cost for freezing spinach

Task Number of employees Total labor (hours) Labor cost ($)a Percentage of labor (%)

Receive product 1 0.25 $4.31 0.6

Weigh product 3 2.00 $34.46 4.5

Pre-production set up/sanitation 4 2.67 $45.95 6.0

Box set up 1 0.12 $2.01 0.3

Bag labeling 1 0.50 $8.62 1.1

Wash/rinse/sanitize brutes 3 0.83 $14.36 1.9

Clean spinach in sandidate 5 3.83 $66.05 8.7

Blanch, spin, cool 2 3.83 $66.05 8.7

Patty-making 5 10.48 $180.63 23.7

IQF input 1 2.50 $43.08 5.7

Bag, seal, box 4 8.50 $146.46 19.2

Clean-up 3 3.67 $63.18 8.3

Final clean-up 5 5.00 $86.15 11.3

Total direct labor costs 7 44.18 $761.28 100%

Fringe benefits (40% of wages) $304.51

Total production labor costsb $1065.79

aA wage rate of $17.23/h is assumed.
bItems in bold represent category totals.
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capital costs brings total freezing costs for blueberries to and for
spinach to $11.74 per pound. Costs would differ if a for-profit
firm were to charge the full costs of depreciation, interest and taxes.

Returns and sales price

Distribution costs and returns field research
We interviewed two regional food distributors, three regional
retail store managers and three farmers to identify the costs asso-
ciated with retail sales under two different scenarios—selling
through an established retailer or selling at a farm stand. Our
interview questions included distribution, promotion, stocking,
farm stand equipment and operating expenses and mark-up fees.

To sell to a retailer, farmers would need to invest in annual
fixed costs. Fixed costs include marketing expenses of about
$2500 per year to develop and maintain a label and brand iden-
tity. Distributors and retailers generally each require an annual
slotting fee to guarantee freezer space for a product. Slotting
fees are generally offered for a portfolio of products and run
about $10,000 per year for a portfolio of five products per dis-
tributor and retailer. To obtain exposure to a distributor, food
entrepreneurs generally attend at least one trade show per year,
at a cost of about $2500.

Variable costs for selling frozen product through a retailer
come in the form of per unit mark-ups. A distributor will gener-
ally add a mark-up on frozen items at a rate of 25%. A retailer will
generally add a 40% price mark-up between the price paid per
unit for the product and the retail price. These costs reflect the
high costs of maintaining frozen casing at a retail outlet, which
has high utility costs and high opportunity costs for retailers.
We do note, however, that two of the interviewed retailers were
food cooperatives that had frozen regional products stocked.
These cooperatives had waived stocking fees and had significantly
reduced mark-up in some cases.

To sell through a farm stand, the farm stand will incur fixed
costs. Fixed costs include a freezer case, at a cost of about
$5000 per case, must pay the mortgage on the farm stand in
which the case is located, which we estimate at $300 per
month. Variable costs for farm stand sales will generally include
staff, utilities and other overhead, frozen storage, and cost of deliv-
ery between the farm and the processor (both ways).

To determine baseline prices for frozen products, researchers
collected blueberry and spinach product data from 27 regional
stores. Data included store type, whether the product was organic,
whether the product had origin information such as local or
regional branding, unit price, package unit size, product place-
ment, package design and for spinach, whether the product was
loose or formed into cakes. We analyzed these data to determine
the most common unit sizes and packaging available to consu-
mers, and to determine a baseline price for comparable commer-
cially available products. The base retail price for blueberries was
$2.50 for blueberries and $1.68 for spinach per 12 ounce bag.

Premiums for local and regional value-added produce
In this paper, we identify potential premiums that farmers and
food businesses could add to FP from published literature on con-
sumer demand for local and regional food products. Two recent
meta-analyses of local food premiums identified that
origin-identified labels such as ‘local’ or ‘regional’ command a
premium between 27 and 30% (Printezis, Grebitus, and Hirsch,
2019; Li and Kallas, 2021). Fewer studies address value-added
local food products, but those that do generally find that pre-
miums vary more widely than for fresh products. Hu et al.
(2009) estimate premiums for five value-added blueberry pro-
ducts with consumers in Kentucky. They find that premiums
for the ‘Kentucky grown’ label vary significantly depending on

Table 10. Administrative daily labor costs for the WMFPC

Position
Wage
($/h) Hours

Labor
cost ($)

Administrative support $40.00 1 $40.00

Bookkeeper $40.00 0.5 $20.00

Executive director $40.00 2 $80.00

Operations director/floor
manager

$31.00 4 $124.00

Food business coordinator $30.00 4 $120.00

Total direct administrative
costsa

11.5 $384.00

Fringe benefits (40% of wages) $153.60

Total administrative
labor costs

$537.60

a Items in bold represent category totals.

Table 11. Summary of blueberry freezing costsa

Cost category
Total costs
per day

Cost per
pound

Cost per
bag

Equipment $177.27 $0.35 $0.26

Buildings $184.83 $0.36 $0.28

Utilities $376.31 $0.74 $0.56

Administrative labor $537.60 $1.06 $0.80

Supplies and
ingredients

$1333.27 $2.62 $1.98

Production labor $611.09 $1.20 $0.91

Total costsb $3220.38 $6.33 $4.79

aFreezing 508.4 pounds of blueberries, packaged in 12-ounce plastic bags and one day’s use
of the WMFPC.
b Items in bold represent category totals.

Table 12. Summary of spinach freezing costsa

Cost category Total costs per day Cost per poundb

Equipment $155.84 $0.42

Buildings $184.83 $0.49

Utilities $376.31 $1.00

Administrative labor $537.60 $1.43

Supplies and ingredients $1825.75 $4.87

Production labor $1065.79 $2.84

Total costsc $4146.13 $11.06

aFreezing 500 pounds of fresh spinach in 16 ounce plastic bags, and one day’s use of the
WMFPC.
bThe yield was 75%—500 pounds of fresh spinach yielded 375 bags (16 ounces) of frozen
spinach.
cItems in bold represent category totals.
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the product. Pure blueberry jam, for example, has no statistically
significant premium, blueberry raisinettes have an 18% premium
and blueberry fruit rollups have a premium of 200%. Rihn and
Yue (2016) found that ‘Minnesota grown’ labeled apple juice
commanded a premium of between 4 and 18%, depending on
the experimental method used to elicit premiums. We note that
many of these studies are conducted with representative samples
of general populations. Local markets can vary greatly, and farm-
ers at farm stands are generally able to accurately price products to
meet their customer base. We offer the range of 27–30% as a
guideline for premiums, but encourage potential market entrants
to consider their own market conditions.

Financial feasibility of frozen produce in different scenarios

We consider two different processing options and two different
retailing options, resulting in four separate scenarios. We use
the Frozen Regional Produce Feasibility Workbook provided in
Supplementary Materials to estimate the trade-offs between the
processing and retailing options. The tool can be modified to
reflect different regional contexts: the example we use below is
based on the context of the Northeast USA.

Shared-used vs on-farm processing

The first set of options a farmer or food business faces is between
investing in an on-farm frozen production line or using a
shared-use processing facility. From a feasibility viewpoint, this
is a matter of scale. The capital costs of establishing a high-quality,
safe IQF production line are very high, and it is unlikely that a
small- or medium-sized farm operation could produce enough
raw produce to justify the expense. For example, for blueberries,
if a farmer freezes 6000 pounds, it would cost about $1.74 per
12 ounce retail bag to co-pack at an FPF under the above assump-
tions, but it would cost $5.29 if the farmer built out their own
facility. On the other hand, at a volume of 20,000 pounds of blue-
berries, it would cost about $3.08 per 12 ounce retail bag to
co-pack at an FPF under the above assumptions, but it would
cost $2.21 if the farmer built out their own facility.

Retail vs on-farm sales

In our methodology, we consider two options for farmer sales—at
a farm stand or through a retailer. While it is possible for a farmer
to sell directly at a farmers market, the degradation of product
quality would likely be substantial. Community supported agri-
culture sales at a farm stand could be easily substituted for retail
sales in our calculator by re-configuring labor costs. We do not
consider wholesale sales in this paper. In our analysis, returns
are somewhat comparable between the two marketing options.
In the case above for a production of 6000 pounds, we estimate
that it would cost about $1.52 per unit to sell through a retailer,
and about $1.36 to sell at a farm stand.

For blueberries, our model indicates that a farmer that
co-packs with an FPF to freeze 6000 pounds and sells at a farm
stand will realize a net profit of about $8,300, while selling
through a retailer will realize a net profit of about $2000. It is
never profitable for a farmer at this scale to invest in on-farm pro-
cessing. In that case, profits would be −$19,700 if sold on-farm,
and −$26,200 sold at a retailer. The threshold volume of product
that results in a net positive profit under any scenario seems to be
about 2500 pounds of blueberries.

The above estimates are for blueberries. In our analysis, we
found that the per unit processing costs of spinach were very
high for any volume, and the per unit baseline price for frozen
spinach is very low. We did not identify any scenarios in which
frozen spinach would be a profitable venture.

Discussion, conclusion and policy considerations

In this study, we conduct a series of timed trials to estimate pro-
duction costs for two regional-scale frozen value-added products,
blueberries and spinach. Our results suggest that the market for
value-added frozen regional produce can be profitable for some
products. In particular, we found that blueberries are likely to
be profitable, while spinach is not. We prioritize food safety
and quality so that the end-product is comparable with other
commercially available frozen products. While our research is
conducted in a single facility with a specific processing line and
specific products, we develop tools that can easily be modified
to reflect different processing configurations, scales, products
and assumptions so that our results can be applied to the unique
context of each potential facility. We encourage potential market
entrants to fully explore market conditions in other contexts and
to make feasibility estimates publicly available, when possible.

We address the primary gaps that prohibit farmer and regional
food business entry into retail frozen local product markets. The
processing costs for high-quality, safe, popular retail products are
critical to estimating feasibility and viability in this market. It is
difficult to find evidence-based estimates for food processing
costs, since that information is generally proprietary to private
food processing companies. Another important gap is the infor-
mation gap between farmers, processors and retailers. Each entity
has some, but not all, of the information needed to understand
the potential in this market. Our research combines the above
information with the resources and expertise to analyze the infor-
mation from a supply-chain perspective, incorporating food safety
regulations and best practices.

Similar to results identified by Feenstra et al. (2019), we find
that regional frozen retail produce markets represent a diversifica-
tion opportunity for small- and medium-sized farms. The oppor-
tunity could take the form of farm-level investment in equipment,
facilities and expertise to develop a frozen product line, or the
form of a separate regional investment in shared-use infrastruc-
ture. There are important considerations, however, that both
policy-makers and potential market entrants should weigh as
they consider this market.

In addition to financial considerations outlined in this study,
potential entrants would need to consider several other aspects
of a value-added food processing operation. A value-added food
business has important differences from a farm enterprise.
There are additional local, state and federal agencies that regulate
worker safety and wages, licensing, food safety and building codes.
Downstream buyers increasingly require facilities to meet private
auditing standards that can exceed government regulations.
Trained and knowledgeable production managers must have the
capacity to consistently implement approved food production
protocols, as well as hire, train, manage and retain a skilled work-
force. The seasonal nature of fruit and vegetable production in
most of the USA creates significant challenges for staff retention,
and food processing generally must occur at the height of harvest
season when staffing can already be stretched. For farm opera-
tions, payroll must distinguish between worker hours on-farm
and worker hours for food processing and transportation
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activities, as they may be subject to different overtime exemption
regulations under the Fair Labor Standards Act (Fitzsimmons,
2015). Food safety regulations and private food safety standards
can vary across geographic regions and across different retail out-
lets. Building codes that govern facility layout and capacity can
vary by municipality, county and state. State and local licensing,
permitting, taxes and fees for commercial sales of food products
vary by location.

Complications can also arise due to the scale of regional value-
added food production, since the volume of production through-
put must be large enough to justify up-front investments but is
generally too small to competitively source scale-appropriate key
inputs and equipment. Key variable inputs such as retail-size,
freezer-safe sealable packaging may be difficult to source at
regional production scales. Key equipment, such as IQFs, blanch-
ing tables and fillers are generally manufactured for larger-scale
processing operations and may be difficult to source for
regional-scale production. Infrastructure external to the food
business, such as frozen storage, cold chains and adequate retail
freezer capacity can be difficult to find and secure, and relation-
ships with these external partners must be nurtured so that cap-
acity is available during seasonal peak production periods.

Unless a farmer is capable of supplying large consistent
quantities of product, has interest in and capacity to manage a
separate enterprise and has access to a reliable supply chains
and markets, the capital investments are likely too high for an
individual farm operation to take on a value-added food enter-
prise. On the other hand, a regional-scale food business center
like those targeted by recent USDA funding programs (USDA,
2022) could serve as a shared-use facility, like the one employed
in this study. While regional food business centers would face
similar challenges, they could have significantly more capacity
to aggregate raw inputs to meet scale needs, and to navigate a
fluid external environment. For regional food business centers,
the information provided in this study and the Workbook pro-
vided in Supplementary Materials can be used to generate pro-
jections of appropriate scale and corresponding investments
given proposed product supply and market conditions.
Federal, state and private funders could use the Workbook to
identify scale and regions with adequate potential produce sup-
ply, and tailor Requests for Application for future infrastructure
funding to identify ideal facility placement and support the
long-term success of awardees.

Farmers, food entrepreneurs and technical assistance providers
should proceed cautiously when considering whether entering the
value-added frozen produce market is a good choice for an indi-
vidual operation. Regional food systems advocates and policy-
makers seeking to support additional regional-scale food process-
ing infrastructure could consider several additional approaches to
achieve this goal. Research, development and entrepreneurship
incentives for the design, fabrication and maintenance of
regional-scale food processing equipment could help address
key bottlenecks for several kinds of value-added foods.
Workforce development could support a new generation of food
production managerial staff, procurement/cold chain manage-
ment staff and processing-line staff who are aware of the upstream
challenges of regional scale farming. Collaborative approaches
toward universal approved food production processes for safe,
high-quality foods or group input procurement could minimize
start-up bottlenecks. Additional capital funding for frozen stor-
age, freezer trucks and retail display freezers could mitigate down-
stream cold-chain management barriers. Consumer research and

education could identify and leverage consumer demand for a
resilient food supply to identify the value and price premiums
that could provide stable value-added supply chains. Potential
grant recipients could demonstrate the feasibility of proposed pro-
jects using the Frozen Regional Produce Feasibility Workbook
provided in Supplementary Materials.

While research of this nature is time-consuming and can be lim-
iting due to the specifications of the context of particular facilities,
we believe that information like this is critical for policy-makers
seeking to support innovative food systems. Future research could
explore other value-added products, evaluate upstream and down-
stream barriers and opportunities in more detail and further esti-
mate consumer interest in regional value-added products.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S1742170523000236
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Appendix A: interest rates for small businesses

The Small Business Association (SBA) lists several different rates, a number
of those start with the prime rate. Larger loans, up to $5.5 million, use
Treasury Bill rates as the base. Most of the capital items used in freezing blue-
berries and spinach (equipment) have useful lives that suggest SBA 7(a) loan
levels (see Table 1). Given the value of equipment, an interest rate of 6%
(prime rate plus 2.75%), the SBA 7(a) loan rate for loans over $50,000 and
over 7 years in duration, was used. Thus, a single loan for all equipment
was assumed. If capital items were assumed to be purchased separately (spin-
ner, tables, etc.), a rate as high as 8% could be used (prime rate plus 4.75%),
the rate on loans for under 7 years and less than $25,000. The rates in
Appendix Table A1 are all recommendations by the SBA. Rates actually
paid by borrowers will vary as each borrower negotiates with their chosen
lender.

Table A1. Small business association loan rates by loan type

Type of SBA loan Loan amount Repayment term SBA loan rate

SBA 7(a) loan Under $25,000 Over 7 years Prime rate + 4.75%

SBA 7(a) loan Between $25,000 and $50,000 Over 7 years Prime rate + 3.75%

SBA 7(a) loan Over $50,000 Over 7 years Prime rate + 2.75%

SBA 7(a) loan Under $25,000 Under 7 years Prime rate + 4.25%

SBA 7(a) loan Between $25,000 and $50,000 Under 7 years Prime rate + 3.25%

SBA 7(a) loan Over $50,000 Under 7 years Prime rate + 2.25%

SBA express loan Up to $350,000 Up to 7 years Prime rate + 4.5% to 6.5%

SBA 504/CDC loan (CDC portion) Up to $5.5 million 10 years 5-year Treasury rate + 2% to 4.322% in fees

SBA 504/CDC loan (CDC portion) Up to $5.5 million 20 or 25 years 10-year Treasury rate + 2% to 4.322% in fees

SBA microloan Less than or equal to $10,000 Up to 6 years Cost of funds + 8.50%

SBA microloan Over $10,000 Up to 6 years Cost of funds + 7.75%

Source: https://www.fundera.com/business-loans/guides/sba-loan-rates
Various money rates can be found in the Wall Street Journal: https://www.wsj.com/market-data/bonds/moneyrates
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Appendix B: time-tracking tools

Appendix C: food processing center assets

The Franklin County Community Development Corporation (FCCDC) built
the Western Massachusetts Food Processing Center WMFPC in 2001 with
over $800,000 in funding from the Massachusetts Department of
Agriculture, USDA Rural Development and Department of Housing and
Urban Development. In its early years, the center trained food entrepreneurs
and leased space and equipment to entrepreneurs. From 2003 to 2017, opera-
tions and expansions were funded through user fee revenues ($1,950,000),
additional federal, state and private grants ($1,051,210), and support
($276,000). In 2013, the facility made further investments in a high-quality
individual quick freeze (IQF) production line and cold storage to meet growing
need of farmers and entrepreneurs to supply local food to consumers year-
round. Since 2013, the facility secured $835,000 in USDA grants and loans,
and raised an additional $165,000 to build the system out. The IQF line

began operations in 2014 and since then has frozen about 20,000 lbs of prod-
uct annually for wholesale and about 3400 lbs for retail sales.

Appendix D: cold-chain management

Successful cold-chain management is critical to providing a safe, high-quality,
consistent end-product. To develop cold-chain management practices, the
research team consulted farmers, food safety experts, distributors and retailers
to determine their capacities/needs. The team reviewed all aspects of the cold-
chain, including sourcing potential supply, scheduling, harvest conditions, pre-
and post-farm gate moisture and temperature control, transportation, dry-
dock delivery, inspection, finished product storage and post-delivery cold-
storage protocols. For example, blueberries need to be field-packed in lined
20 cardboard boxes, palleted and top-iced. Spinach needs to be field-packed

Table B1. Time-tracking tool for labor required to freeze blueberries

Task Staff person Start End Total time (minutes) Notes

Receive product

Weigh product

Pre-production set up/sanitation

Box set up

Bag labeling

Wash/rinse/sanitize

Spin

IQF Input

Bag, seal, box

Clean-up (general)

Final cleanup

Other

Total

Table B2. Time-tracking tool for labor required to freeze spinach

Task Staff person Start End Total time (minutes) Notes

Receive product

Weigh product

Pre-production set up/sanitation

Box set up

Bag labeling

Wash/rinse/sanitize

Clean spinach in sanitizing solution

Blanch, spin, cool

Patty-making

IQF input

Bag, seal, box

Clean-up

Final clean-up
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in plastic bins, kept in shade and top-iced. Both are stored in coolers and deliv-
ered in refrigerated trucks.

The process is dependent on the growing season for each individual
product. The first step is to identify farmers who are interested in and
able to supply the quantity needed within their service area (in this case,
a 2 h drive from the FPF). For blueberries and spinach in the Northeast, out-
reach begins in December. Peak season for blueberries is July, and for
spinach is either a spring or fall harvest. Initial conversations include

seed-buying/crop-planning (spinach), quantity and availability, pricing,
packing and cold-chain logistics, delivery specifications and timing, invoi-
cing, billing and payment terms for delivery. The next step is to follow up
with growers, about once each month, to reconfirm and track how any
changes may impact harvest timing and volume. The third step is to confirm
targeted delivery day/week about a month out. Two weeks before delivery,
the FPF and farmer are in close touch to clarify logistics (weather, etc.)
until delivery and payments are final.
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