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Abstract: Effective monitoring of perishable food products has become increasingly important for
ensuring quality, enabling smart packaging to be a key consideration for food companies. Among
the promising technologies available for transforming packaging into intelligent packaging, chipless
radio frequency identification (RFID) sensors stand out. Despite the high initial implementation costs
associated with chipless RFID technology, the potential benefits could outweigh the costs if electrical
challenges can be overcome. We examine various economic methods to analyze the economic
benefits of chipless RFID technology, evaluating the benefits of using this technology for the quality
monitoring of seafood products of an Australian seafood producer, Tassal. The analysis considers
three primary business drivers, viz. quality monitoring, operational efficiency, and tracking and
tracing, using net present value and return on investment as the key indicators to assess the feasibility
of implementing the technology. Based on sensitivity analysis, we suggest chipless RFID technology
is currently best suited for large firms facing significant quality monitoring and operational efficiency
challenges. However, as the cost of chipless RFID sensors decreases with further development, this
technology may become a more viable option for small businesses in the future.

Keywords: RFID sensors; cost–benefit assessment; smart packaging; seafood industry; Australia

1. Introduction

The primary purpose of food packaging is to protect food from damage and spoilage.
Over time, packaging has evolved to incorporate additional functionalities such as active
packaging, which responds to internal changes, and intelligent packaging, which commu-
nicates with the external environment. These developments aim to reduce food waste and
improve food safety. As a result, there has been a significant increase in demand for the
smart packaging of food products worldwide [1,2].

The demand for smart packaging of food products in the United States is expected to
reach USD 3.6 billion within this decade. Japan ranks second with a market capacity of USD
2.36 billion, while Australia comes in third with a market capacity of USD 1.69 billion. The
United Kingdom has a market capacity of USD 1.27 billion, while Germany has a market
capacity of USD 1.4 billion. These figures demonstrate the global growth and importance
of smart packaging in the food industry [3].

Highly perishable products such as dairy, meat, and seafood are susceptible to changes
in their properties after processing and packaging due to biological and chemical processes,
which can result in spoilage. Before dispatch, the quality of these products is regularly
monitored using chemical and microbiological tests. However, there is no consistent
monitoring system in place after the product has been delivered to retailers. Intelligent
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packaging, which includes tracking, tracing, sensing, and communicating functions, can
fill this quality-monitoring gap after delivery. This technology not only helps to ensure
product quality but also provides consumers with additional information about the product
and pre-warning of any internal or external issues [4–6].

The three types of technologies proposed for smart packaging systems are indica-
tors [7], sensors [8], and data carriers such as barcodes and RFID [9]. Indicators are used
to detect the presence of specific substances due to changes to the packed food, which
are typically visualized by color changes associated with the type of indicators used in
the package. Sensors are devices that can measure chemical, thermal, and other physical
changes and convert them into electrical, optical, or thermal signals using transducers.
Data carriers are devices that enable the efficient flow of information in the supply chain,
ensuring automation, theft protection, traceability, and counterfeit protection [4].

Barcodes are the most commonly used and cost-effective data carriers. They were
initially introduced for automatic checkouts and inventory controls. However, conventional
RFID tags were later introduced as more advanced technology, with non-contact and non-
line-of-sight abilities in real-time data collection and a higher data storage capacity of up to
1 MB for supply chain management purposes [10,11].

There has been a significant increase in the use of RFID technology in the food industry
for tracing, monitoring, and packaging purposes [12,13]. This technology has the potential
to improve supply chain management efficiency and enhance food safety and quality. RFID
systems can be used for various operations, including food manufacturing and supply
chain management. By providing real-time data, RFID systems can increase the speed
and efficiency of product tracking and improve retailers’ on-shelf availability while saving
time and costs for wholesalers and retailers. Moreover, RFID technology can enable the
integration of sensors into food packages to evaluate food quality and safety, further
enhancing the benefits of this technology in the food industry [14].

In 2003, Walmart, the largest retailer in the United States, drew attention to RFID
technology by mandating its top 100 suppliers to attach RFID tags to their packages, cases,
and pallets. The implementation was a long-term project, and suppliers were required to
comply with the new technology by 2005 [15]. Other companies such as the U.S. Department
of Defense, Albertsons, Target, Tesco, and Marks Spencer also endorsed the use of RFID
technology [16].

To make the RFID technology more user-friendly and smarter, RFID tags are also
designed to provide information on the environmental conditions and integrity of food
packages during storage and transport [17]. This would be possible by measuring one
or two environmental parameters such as temperature, relative humidity, pressure, light
exposure, and gas concentrations. One or two sensors must be integrated with the RFID
tags for this kind of measurement. Intelligent packaging with RFID technology with sensing
functionalities can only be useful when it suits the requirements of food products. The RFID
technology currently has higher development and integration costs than a barcode, thus
limiting the applications of the technology in food packaging. However, this technology has
potential applications for expensive and extremely perishable food products such as meat
and seafood. Such products can benefit from remote and non-invasive food monitoring
systems to optimize their distribution and transport system and reduce food waste [18].

The cost of conventional chipped RFID tags is the main hurdle to the widespread use
of technology in food packaging [9]. Another unresolved issue in making RFID meet the
requirements of the food industry is the development of flexible RFID tags that can be
appropriately integrated with food packaging. Many projects have been launched during the
last decade to develop RFID-based intelligent packaging in the food industry. The prototype
of RFID sensors integrated with RFID tags was presented by the Good Food project in 2003 in
the Netherlands. For this project, the low-power sensor was integrated with a semi-passive
RFID tag to monitor relative humidity, temperature, and light intensity. The SmartPack project
started in Germany in 2005 to integrate passive RFID tags with packaging materials. The low
cost and higher flexibility are the two main factors that play an important role in adopting
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RFID in the current food packaging field. FlexSmell is a project that started in 2010 to design
and investigate printed RFID sensors on flexible materials such as plastic substrates. The
objective of the project was to reduce the cost of the RFID tag and obtain low-cost, low-power
RFID sensors for food safety and the quality monitoring of packaging [15].

Even though there are several semi-passive or NFC commercially available RFID-
enabled sensors that can monitor relative humidity, temperature, pH, and light exposure,
none of them is flexible and integrable with food packages [19,20]. A new paradigm shift
has recently occurred in RFID technology with the introduction of passive and chipless
RFID tags that can operate completely passively without batteries. Passive RFID tags
may include an integrated circuit (I.C.). However, chipless RFID tags do not possess any
I.C. Hence, the deployment of chipless RFID tags for identification, tracing, and sensing
applications can result in additional cost reductions. Also, the absence of I.C. in this
type of tag makes the structure of the tag flexible and easy to integrate with packaging
materials [21,22].

The chipped RFID technology has been adopted by many industries, including health
care, retailers, airlines, and the military. In the literature, different approaches are used
to investigate investment analysis in these sectors. Currently, the use of RFID technology,
especially the low-cost chipless one, in developing intelligent packages is gaining a lot of
attention [23]. Its communication standardizations, sensing, and detection challenges are
also being investigated. However, a limited number of studies incorporate the economic
investigation of the large-scale implementation of this technology in the food packaging
industry. With its current implementation costs, RFID technology can be adopted by
expensive and highly perishable food product companies such as meat, fish, and prawn
producers to avoid exceeding the suggested maximum packaging cost of 10% of the product
value [24].

A packaging cost of 10% of the product value is being regulated by many companies.
In this paper, an economic evaluation of the chipless RFID sensor technology, in the case of
large Australian seafood company Tassal, has been made. An economic analysis has been
conducted, evaluating cost and benefit, where the benefits are determined by assessing the
reduced cost using the added-profits approach. Most of the data were collected from the
annual and sustainability reports published by Tassal.

2. Literature Review

In addition to smart packaging, RFID technology has been introduced in other appli-
cations, including inventory management, healthcare, distribution process, and library [25].
Hence, the investment analysis of RFID technology and its adoption hurdles and factors
have become the subject of many studies in the literature. The research area of assessing
RFID technology adoption can be categorized under three approaches: qualitative [26,27],
quantitative [28,29], and hybrid [30,31].

The qualitative approaches for the investment analysis of RFID are proposed in dif-
ferent research studies. In [32], RFID adoption is evaluated from the perspective of an
organization. Technological issues are assumed as information attributes, and the authors
mapped the benefits and information attributes to the retailing process using an RFID
benefits–information value chain. A strategic investment analysis of RFID technology
is presented in [33] by demonstrating the assessment of its value to obtain substantial
competitiveness. A conceptual framework of RFID benefits such as supply chain visibility
and item tracking is proposed, while the learning organization theory is employed to
assess the benefits of RFID adoption. The strategic investment analysis of RFID adoption is
investigated in [34–36] with a particular focus on retailing and healthcare sectors, respec-
tively. Several analytical and experimental methods such as the diffusion of innovation
(DOI) model, technology-organization environment (TOE) model, and technology accep-
tance model (TAM) are introduced in the literature and used in the empirical research
on organizational-level information technology (IT) adoption. For example, a modified
technology acceptance model is introduced in [37] to predict public attitudes toward using
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RFID-based subcutaneous microchips (RFID-MS). A summary of the different qualitative
economic analysis methods can be found in Table 1.

Table 1. Economic analysis methods used in the study.

Ref. Country
of Study Approach Methodology Application Major Conclusion The Variables of Interest

[32] Australia Qualitative
Content

analysisof
literature

Retailing

Benefits of RFID are
found mostly in
distribution and
transportation

Completeness and accuracy of
information, frequency of information,
information collection time, persistency

of information (timeliness)

[33] Canada Qualitative

Conceptual
framework of
the benefits

analysis

-

RFID can have
benefits in process

automation,
closed-loop tracking,

and supply chain
visibility.

Reduced shrinkage, reduced material
handling, increased data accuracy,

faster exception management,
improved information sharing,

production tracking, quality control,
supply and production continuity,

material handling, space utilisation,
asset management, reduced stockouts,

customer service, aftersales service,
lower inventory.

[34]
United

States and
Korea

Qualitative Survey analysis Retailing

RFID technology
adoption in retailing

is still in its early
years and not mature.

Data system automation (e.g., data read
and write capability, data accuracy),
hardware/software application (e.g.,

enterprise application integration,
affordable hardware), inventory

management (real-time inventory,
improved inventory data collection,

better reporting on stocking, reduced
complexity in inventory, improved
visibility of order), store operation
(reduced space for stock in a store,
faster customer checkout, less time

spent on the stock), demand
management (improved fashion trend

forecasting, more accurate pricing),
business strategic performance

(promotional strategy, customer service)

[35] United
States Qualitative Survey analysis Healthcare

There is no
widespread

opposition to the
adoption of RFID

technology.

Cell-phone RFID-based service, the way
the technology is provided, and other

social and demographic factors.

[36] - Qualitative
Content
analysis

of literature
Library

RFID can help
modern libraries to
accurately manage
their collection and

services.

Tag costs, observation cycle length,
audit costs, theft fraction, value of an
item, annual interest rate, expected

demand, coefficient of variation
demand, lead time, target fill rate, and

fraction of theft that cannot be solved by
using RFID.

[37] United
States Qualitative Survey analysis Healthcare

Wider acceptance of
RFID-

based subcutaneous
microchip is possible

if the risks and
benefits of it become
more transparent to

individuals

Data protection, health risks, ease of
use, metaphysical

dilemmas, monetary issues, negative
social impact, medical uses, regulations,

cost, and affordability.
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On the other hand, the quantitative approaches predominantly focus on the profitabil-
ity assessment of RFID technology in different applications. Ref. [38] is an empirical study
to evaluate the performance of RFID technology in the supply chain of the printing industry
and figure out the implementation requirements, RFID adaptation, and acceptance using a
cost–benefit analysis. An investment analysis was conducted in [39] based on the Return
on Investment (ROI) model for the distribution sector. Different operational scenarios are
compared according to RFID tag prices and specific activities. A cost–benefit analysis is
implemented in [40] to evaluate the potential gains of using RFID technology in inventory
management and shrinkage prevention. An effective model, based on the well-known
activity-based costing (ABC) technique was proposed in [41] to evaluate the economic
feasibility of using RFID technology in pallet management. Different pallet management
scenarios are investigated to incorporate the implementation of RFID technology in pallet
management to reduce overall costs [42].

In addition to the above-mentioned methods, other economic techniques such as
cost/effectiveness analysis [43], system dynamics [44], simulative approaches [45], and
Markov chains [46] can also be found in the literature. A summary of the different quanti-
tative economic analysis methods can be found in Table 2.

The last approach in the investment evaluation is the hybrid approach, shown in
Table 3. A hybrid model integrates different types of models that enhance the global
effectiveness of investment evaluation. Traditional methods for investment evaluation are
integrated by a survey analysis in [47,48] to enhance the effectiveness of the proposed model.
In [47], the proposed hybrid method uses conventional indexes such as the net present value
(NPV) and the internal rate of return (IRR) to evaluate the economic feasibility of RFID in
inventory management for the U.S. Army. A survey-based qualitative method is integrated
with the quantitative analysis to determine the potential benefits of the RFID applications.
Lastly, implementation barriers and cost savings are detailed by a sensitivity analysis. A
similar method was proposed in [48] to evaluate the feasibility of RFID technology adoption
in the Fast-Moving Consumer Goods (FMCG) supply chain. First, a questionnaire survey
was prepared to analyse the supply chain management in FMCGs. Quantitative indices
such as NPV, IIR, the payback period, and ROI were calculated to evaluate the different
scenarios of RFID applications.

Reference [38] proposes a hybrid method based on the cost–benefit analysis of RFID
application in the printing supply chain. First, a survey is conducted in the Taiwanese
printing industry to determine the potential applications of RFID in the supply chain.
Then, a cost–benefit analysis is implemented to figure out the potential benefits of RFID
application for manual and barcode-based information systems. Another hybrid model is
proposed in [49] to compare the RFID against barcode performance in postal carrier firms.
Time-driven activity-based costing is integrated with the simulation model to evaluate the
quantitative performance of both RFID and barcode technologies.

In [50], RFID technology adoption is evaluated in the retailer sector by considering the
customer’s perspectives. An analysis based on the technology acceptance model (TAM) is
implemented. The TAM model is a strategic approach used to evaluate new technology
by customers. It is also used to assess the benefits and usefulness of RFID technology in
the industrial context. A specific survey analysis was conducted to validate the general
proposed framework developed by the model.

In [51], the authors proposed an integrated and comprehensive framework based on
the Analytic Hierarchic Process (AHP) to identify dynamic RFID adoption and diffusion.
AHP combines both qualitative and quantitative aspects in a single framework and gen-
erates a set of priorities for alternatives, which helps in analyzing and solving complex
decision problems.
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Lastly, in [52], a systematic model is developed for the investment analysis of RFID in
the construction industry. Firstly, the cost and benefit elements for RFID investment values
are determined. Then, the expected customer orders are evaluated in terms of delivery
time and accuracy using a fuzzy rule-based system. Finally, the Monte Carlo simulation
method is used to determine the input values for testing the developed model. In summary,
the proposed models in different research highlight various approaches for analyzing
RFID technology investments in different applications. This is summarized in Tables 1–3,
presenting an overview of potential methods that can be used to evaluate chipless RFID
sensor technology investments in the food industry.

Table 2. Quantitative approach.

Ref. Country
of Study Approach Methodology Application Major Conclusion The Variables of Interest

[38] China Quantitative

Cost–benefit
analysis based

on survey
results

Distribution
process

Item tagging is the
ideal

approach in the
printing industry’s

supply chain

Tag cost, reader cost, IT
infrastructure costs, required
number of readers, price of

controller and antennas, required
number of controllers, number of

publications, the average time
saved via RFID, working hours of

labour, and average salary of
labour.

[40] The
Netherlands Quantitative Break-even

analysis

Inventory
manage-

ment

RFID technology
facilitates more

information about
inventory that comes

with a price. The
break-even prices of

the implementation of
the technology should

be considered and
compared with
potential gains

Tag costs, observation cycle length,
audit costs, theft fraction, the

value of an item, annual interest
rate, expected demand, coefficient

of variation demand, lead time,
target fill rate, and fraction of theft

that cannot be solved by using
RFID.

[41] Italy Quantitative
Activity-Based
Costing (ABC)

analysis

Pallet man-
agement

Results show that the
proposed model clearly
allocates the cost of the

technology by
introducing benefits in
terms of cost savings

Direct costs (pallet park purchase,
RFID equipment and

infrastructure), indirect costs
(replenishment, maintenance, tag

replacement, cleaning, storage,
reverse logistics, tracking and

tracing, RFID system maintenance,
and accounting).

[42] Europe Quantitative Cost/effetive-
ness analysis

Onboard
emergency
response

system for
passenger

ships

Using RFID technology
in

passenger-monitoring
systems is not a

cost-effective approach
at this point. So, the

technology should not
be implemented for

safety considerations
alone.

Data acquisition and installation,
support, maintenance and

renewal, tags cost, training costs,
distribution of accidents on year

and accident type, and
distribution of number of

fatalities.
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Table 2. Cont.

Ref. Country
of Study Approach Methodology Application Major Conclusion The Variables of Interest

[46] United
States Quantitative Markov chain

model

Equipment
Tracking in

U.S
hospitals

The proposed model
can be used to estimate
the benefits and choose

appropriate
RFID-based investment

plans.

Patient demand and service (daily
patient demand, average duration

of patient service), searching
efficiency (average duration of

search, probability of search upon
demand, average time until

inquired equipment is declared
lost, average time until lost

equipment is found), preparation
and maintenance policies (average

time equipment spent in
preparation, time until lost

equipment needs maintenance)

[44] Italy Quantitative System
Dynamics

Italian
apparel
retailer

It has been revealed
that RFID

implementation
increases sales in

addition to reducing
the operational costs.

Order rate, incoming items rate,
sales, returnable items, inventory

level check, staff-assisted sales
time, time index, weekly sales, a
binary RFID input variable (1 for

store with RFID, 0 for store
without RFID).

[53] Italy Quantitative
ROI based cost
benefit analysis

model

Fashion
supply
chain

A proposed model that
considers most cost

variables in
implementing and

managing RFID
systems, which

provides managers
with a useful tool to

benchmark RFID
implementation in

their firms.

Hourly labour cost for error
correction, tag insertion, reworks

cost, tag cost, purchase cost,
holding item costs, receiving

errors, shipping errors, picking
errors.

[54] China Quantitative

Classic
economic Order
quantity (EOQ)

model

Supply
chain

This study reveals the
impact of imperfect
RFID technology on

inventory management
and provides a

quantitative model to
suggest optimal

investment decisions
for RFID adoption in

inventory
management.

Annual demand rate, an order
quantity of the manufacturer,

inventory level, setup cost,
shortage in inventory, the unit cost

of item, holding cost per unit,
shortage cost.

[55] South Africa Quantitative Cost–benefit
analysis

Sheep feed
lot

RFID can provide
supplier data and

consequently helps in
selecting lambs from

top suppliers

RFID ear tag lifespan, daily feed
intake, feed-conversion ratio,

slaughter percentage, feeding cost,
meat price, selling price, buying
price, veterinary costs, transport

cost, feedlot numbers, water
consumption, inflation, and

minimum wage.
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Table 2. Cont.

Ref. Country
of Study Approach Methodology Application Major Conclusion The Variables of Interest

[56] Portugal Quantitative IRR and NPV
analysis

Home
appliance

retail
business

This study reveals that
RFID

can reduce checking,
control, reception,

picking, and
delivery-processing

time, resulting in
avoided costs of labour.

Tag, reader, software, printer, and
RFID tunnel costs, elimination of
checking and handling of disputes,

time reduction in item search,
delivery, and item reception.

Table 3. Hybrid approach.

Ref. Country
of Study Approach Methodology Application Major Conclusion The Variables of Interest

[47] United
States Hybrid

Factorial
structure for

non-cost related
benefits and

traditional ROI
analysis

U.S army in
inventory

management

Cost analysis shows
that RFID technology

implementations
result in substantial

cost reductions.
Sensitivity analysis
shows that the cost
reduction is robust
against inaccurate

estimation of
parameters.

Unit cost of fixed readers, unit cost of
portable readers, unit cost of handheld

readers, unit cost of frequency extenders,
cost of hardware installation, cost of

software installation, number of personnel
to be trained, number of hours required

per person, annual scheduled tag
re-placement, annual frequency extender
failure, annual tag failure, annual reader

failure, reported labour savings, causative
research labour saving, transportation

redistribution savings, demilitarisation,
maintenance and surveillance (DMS) out

of pocket holding cost savings, DMS
surveillance maintenance labour savings.

[48] Germany Hybrid

Survey integrated
with technology

acceptance model
(TAM)

Electronic retail
corporation

This study reveals
that the

acceptance of RFID
technology depends
mostly on perceived

usefulness and
transparency in data

privacy.

Perceived ease of use, security concerns,
perceived use fulness, general attitude

toward new technology, general attitude
toward data security, male customer,

younger costumer, school degree, income,
political attitude, reduction of waiting time

of checkout, cost reduction.

[49] Italy Hybrid Analytic
hierarchic Process -

Important factors
affecting RFID

technology adoption
are identified and

classified into three
categories:

development phase,
trial phase, and
implementation

phase.

Cost (system integration costs, system
maintenance costs, reusability of tags),
environmental sustainability (energy

consumption, electromagnetic
compatibility, WEEE disposal), technology

(sensitivity, transmit power,
communication, tag), international

standards (system compatibility in the
supply chain, consistency of data format,
standard isolation of frequency), security
and privacy (relevant legal regulations,

exposure and outflow of product
information, prevention of stealing and

loss), and product (material, placement in
the market, geometry).

[50] Thailand Hybrid

Adaptive
neurofuzzy

inference system
(ANFIS)

integrated by
Monte Carlo
simulation

Construction
industries

This study reveals
that the cost–benefit

analysis of RFID
investments can be
improved using the

ANFIS model

Hardware costs, software costs, service
costs, improvements of management

materials, men, and machines.
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3. Methodology

We consider NPV and ROI analysis [57,58] to evaluate RFID sensor technology im-
plementation at the Tassal Group facilities using the annual reports and cost information
obtained for RFID fabrication and development costs at Monash University laboratory
(MMARS).

The Tassal Group is the premium market share holder of Tasmanian Salmon in Aus-
tralia and has 25.1% of the Australian market share within the seafood industry. The group
started commercial fish harvesting in 1987 and has since expanded to become the leading
company in the aquaculture market. Its main salmon farm and processing location is in
Tasmania, and the prawn farm is in New South Wales. The company’s products are traded
mainly in domestic retailing and wholesale markets. These products have 56% and 28%
shares of the domestic retailing and wholesale markets, respectively, while they hold only
16% of the international export market.

The current annual revenues of the company continue to improve every year, as
shown in Figure 1. The maximum annual growth of 39.1% was recorded in 2016 due to
contracted supply obligations and the introduction of De Costi Seafoods’ platform that
boosted operational efficiencies.
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Figure 1. Annual revenues for the Tassal Group (annual reports, https://tassalgroup.com.au/
information/reports/annual-reports/, Accessed on 14 July 2024).

The current annual revenues of the company continue to improve every year, as
shown in Figure 1. The maximum annual growth of 39.1% was recorded in 2016 due to
contracted supply obligations and the introduction of De Costi Seafoods’ platform that
boosted operational efficiencies. The annual revenue reduction recorded in 2020, the first
since 2014 when the company experienced a tough supply period due to the negative
impacts of the 2012 and 2013 hot summers, as a result of the COVID-19 pandemic.

The decline in annual revenue in 2020 resulted in a reduction of the 2021 net profit
by nearly 50%, as shown in Figure 1 (right axis). Five years of roll-out time is assumed
for RFID sensor technology implementation in all Tassal Group facilities to minimise
employee requirements and improve quality-monitoring techniques. Hence, the revenue is
extrapolated in Year 5 using the 10-year average annual growth rate from 2011 to 2021, as
shown in Table 4. The annual growth rate for each year i is denoted by AGRi and can be
calculated as follows:

AGRi =
CRi − CRi−1

CRi−1
× 100 (1)

where CRi is the current revenue in Year i. The extrapolated 5-year revenue period begin-
ning from 2021 is shown in Figure 2.

https://tassalgroup.com.au/information/reports/annual-reports/
https://tassalgroup.com.au/information/reports/annual-reports/
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Table 4. Summary of revenue and profit of the Tassal Group (2011–2021).

Variables Y2021
$’000

Y2020
$’000

Y2019
$’000

Y2018
$’000

Y2017
$’000

Y2016
$’000

Y2015
$’000

Y2014
$’000

Y2013
$’000

Y2012
$’000

Y2011
$’000

Current revenue
($milions) 594,035 562,489 560,788 509,504 450,453 430,924 309,790 266,331 272,805 261,702 225,635

% Annual
growth rate 5.61% 0.30% 10.07% 13.11% 4.53% 39.10% 16.32% −2.37% 4.24% 15.98% -

Net profit
($milions) 34,620 69,111 58,439 57,293 58,083 48,493 49,992 41,061 33,457 28,087 30,280

% Margin Profit 5.83% 12.29% 10.42% 11.24% 12.89% 11.25% 16.14% 15.42% 12.26% 10.73% 13.42%

Average annual
growth rate 10.69%

Average margin
profit 11.99%
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The net profit margin in Table 4 is calculated using:

NPMi =
NPi
CRi

× 100 (2)

where NPi is current net profit in Year i. The average net profit margin is calculated using
the average profit margins for 10 years.

3.1. Costs

Among cost items, we include both variable and fixed costs in producing RFID sensors.
The fixed costs are hardware costs (readers), software costs, integration and consulting
costs, and training costs. The variable costs may vary each year, depending on the number
of required sensors and hardware faulty. These are the total annual cost of tags used for
production tracking and sensing and total annual maintenance costs.

The tag and reader prices for the current year are estimated as in Table 5, with the
assumption that the unit price of the tags and readers will be lower in 5 years. The reason
behind this assumption is that RFID technology is still under improvement and new low-
cost solutions are being proposed both in designing and developing tag/sensor for the
reader, RFID tag, and sensor [21].
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Table 5. The number of tag/sensor labels obtained from salmon and prawn volume.

Year 2017 Year 2018 Year 2019 Year 2020 Year 2021

Salmon Volume (Tonnes) 25,432 30,883 33,036 34,395 37,509
Prawn Volume (Tonnes) _ _ 453 2460 3350

Salmon wholesale package sizes (kg) 100
Required number of salmon packages 254,320 308,830 330,360 343,950 375,090

prawn wholesale package sizes (kg) 100
Required number of prawn packages 4530 24,600 33,500

Required number of RFID sensors on each package 3
Growth in number of Salmon packages per year 21.43% 6.97% 4.11% 9.05%

Average growth in the number of Salmon packages 10.39%
Growth in number of Prawn packages 36.18%

Required number of sensors for salmon packages 762,960 926,490 991,080 1,031,850 1,125,270
Required number of sensors for prawn packages 13,590 73,800 100,500

Software costs, including license costs, are estimated to be fixed and assumed to be
USD 5000 per annum [59]. For the overall implementation of the project, an RFID engineer
is required for system integration and consulting, and the average base salary of RFID
engineers is assumed for system integration and consulting costs, plus a 2.8% average
salary rise per annum. The total annual maintenance and training costs are estimated in
Table 6.

Table 6. The total annual implementation cost of RFID sensor.

Year 1 Year 2 Year 3 Year 4 Year 5

One-time fixed cost
Hardware expense (including readers) $32,000 $0 $0 $0 $0

Software expense $5000 $5000 $5000 $5000 $5000
Consulting and systems Integration $90,000 $92,520 $95,111 $97,774 $100,511

Training costs $10,000 $10,000 $10,000 $10,000 $10,000
Fixed cost of RFID sensor implementation $137,000 $97,520 $95,110.56 $102,774 $105,511

Variable cost
Annual cost in total for the tags used for production tracking and

sensing $490,308 $482,678 $467,310 $441,913 $403,362
Total annual maintenance costs $5000 $10,000 $15,000 $20,000 $20,000

Labor cost for tag/sensor installation $49,014 $56,688 $65,823 $76,787 $90,063
Total variable cost of sensor implentation $544,322 $549,366 $548,133 $538,699 $513,425

To estimate the number of RFID sensor labels for packages, the annual production of
salmon and prawn is obtained from annual reports. We assume that the salmon and prawn
are packed in 100 kg boxes with three sensor labels per package for a wholesale market.

N(salmon/prawn,packages) = (salmon/prawn Volume × 1000)/100 (3)

The annual growth in the number of sensors is calculated by considering the average
growth in the number of salmon and prawn packages in the past 4 years, as shown in Table 5.
The annual growth in the number of packages is calculated by (GN(salmon/prawn,packages)).

The variable cost of tags/sensors is obtained for 5 years (as shown in Table 5) by
estimating the required number of sensors. To find the installation costs (rendered as one
min of labour work per 12 tags/sensors), an hourly salary of USD 28.79 is considered [60].

GNsalmon/prawn,packages =
Npackages(i)− Npackages(i − 1)

Npackages(i − 1)
× 100 (4)

3.2. Benefits

The RFID sensor implementation in salmon and prawn packaging for the wholesale
market has the potential benefits listed below. Each business driver listed as a benefit of
RFID sensor implementation is further elaborated on in this section.
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3.3. Operational Efficiency

RFID tag implementation contributes significantly to operational efficiency by re-
ducing redundant operations, the time required for package counting and scanning, and,
consequently, the labour costs for employees working in the delivery and transport sections.
The benefits of automated scanning using RFID technology are calculated in by considering
the time spent picking and scanning salmon and prawn packages. It is assumed that
all packages are 100 kg, and 90 s of labour time is dedicated to this job. The number of
packages is obtained from the total estimated number of sensors in Table 7, and a 90%
reduction in control time is assumed after RFID implementations [56] in Table 8.

Table 7. Price and number of per tag/sensor and RFID reader.

Year 1 Year 2 Year 3 Year 4 Year 5

Price per RFID sensor $0.40 $0.35 $0.30 $0.25 $0.20
Etimated number of required sensors for salmon packages 1,125,270 1,242,221 1,371,326 1,513,849 1,671,185.263
Etimated number of required sensors for prawn packages 100,500 136,859.8 186,374.1 253,802.1 345,624.7715

Total estimated number of sensors 1,225,770 1,379,080 1,557,700 1,767,651 2,016,810.034
Price per RFID reader $800 $780 $770 $750 $750

Etimated number of required Readers 40 0 0 0 0

Table 8. Cost reduction due to improved RFID.

Benefit Due to Automation

Average time (in seconds) required for picking, checking, and scanning 90
Number of packages per year 672,270

Number of times item scanned in production and transport 10
Labor cost rate for personnel involved in scanning $29

total time spend for scanning (hours) 168,068
% reduction in cost due to automated scanning 90.00%

Savings due to automation with RFID $151,261

3.3.1. Automated Tracking and Tracing

One of the most significant benefits of RFID technology in the food industry is the
real-time visibility in the inventory and production that enhances the tracking and tracing
efficiency. The reduced cost due to automated tracking and tracing is calculated in Table 9,
considering that tracking and tracing costs take up 0.01% of the overall revenue. We assume
a maximum cost reduction of 60% after RFID implementation.

Table 9. Reduced costs due to automated tracking and tracing.

Benefits Due to Automated Traceability

Current annual revenue USD 594,035,000

Extrapolated Year 5 revenue USD 891,755,063

Total traceability issues at the production and transport level (as % of Year 5
revenue) 0.01% USD 89,176

Track and Trace Percentage Maximum % reduction
through RFID Reduced Costs

Track and Trace expenses 100% USD 53,505

Annual expenses to track and trace packages in
the production network USD 89,106 60% USD 53,505

3.3.2. Quality Improvement

Adding sensing functionality to the RFID tags enables live monitoring of perishable
seafood packages during production, storage, and transfer. This type of sensor notifies
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of any temperature control violation and eliminates quality loss. Following Table 10 it is
assumed that losses due to quality issues take up 0.1% of overall revenue. These losses can
be reduced by 80% after RFID implementation. Sensitivity analysis is implemented in the
next section to estimate the effects of these parameters on overall ROI and NPV.

Table 10. Cost reduction due to quality monitoring.

Current annual revenue USD 594,035,000

Extrapolated Year 5 revenue USD 891,755,063

Total quality issues at the manufacturer’s level (as % of Year 5 revenue) USD 891,755

Cause of Reduced
Costs Percentage

Maximum %
Reduction Due

to RFID
Expected Quality Issues after RFID Added Revenue

Quality issues 100% 80% 0.02% USD 713,404

Total 100% 80% 0.02% 0.02% USD 713,404

4. Investment Analysis

The selected financial indicators for calculation are NPV and ROI. These indicators
were calculated considering the total fixed and variable costs, benefits, and average annual
growth rate of 10.69% (calculated in Table 4) as a discount rate. The calculations are
presented in Table 11, assuming a 5-year lifetime for the project.

Table 11. Investment analysis of RFID sensor implementation.

Annually Recurring Benefits Added
Revenue Added Profit Reduced Cost

Reduction in quality-monitoring issues USD 713,404 0 0

Improvements in tracking and tracing 0 0 USD 53,505

Improvements in operational efficiency 0 0 USD 151,262

Total year 5 benefits USD 713,404 0 USD 204,766

Year 1 Year 2 Year 3 Year 4 Year 5

Additional annual revenue due to RFID USD 475,228 USD 526,030 USD 582,262 USD 644,506 USD 713,404

Benefit due to reduction in costs USD 136,403 USD 150,985 USD 167,125 USD 184,991 USD 204,766

RFID related costs USD 681,322 USD 646,866 USD 643,244 USD 641,473 USD 618,936

Net benefit for using RFID (cash flow) USD 69,691 USD 30,128 USD 106,144 USD 188,024 USD 299,234

Discounted benefit USD 69,691 USD 28,423 USD 94,467 USD 157,868 USD 237,021

5-year discounted NPV USD 448,089

Calculated ROI 14%

The positive value of NPV and the 14% ROI value demonstrate that the introduction
of RFID sensors reduces overall costs and introduces additional annual benefits, thus
indicating the profitability of investments under the assumed conditions. To figure out
the effect of assumptions in this calculation, a sensitivity analysis is conducted for the
parameters listed below, and NPV and ROI are recalculated.

• Package sizes
• Tag/sensor per unit cost
• Total traceability issues as a percentage of 1-year revenue
• Total quality issues as a percentage of 1-year revenue.

As shown in Figure 3, NPV and ROI calculations for variable package sizes and tag
costs indicate that increasing the package sizes by 50% increases NPV by almost USD 0.6
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million and ROI by 40%. On the other hand, decreasing package sizes by 50% decreases
NPV by almost USD 0.9 million and ROI by 37%. The unit cost of the tag/sensor also affects
these parameters significantly. Figure 3 shows that a 50% reduction in tag/sensor costs
enhances NPV and ROI values by USD 0.6 million and 29%, respectively. Note that the
effect of highly reflective large packaging boxes can be eliminated post-processing; package
size increase will not affect RFID system performance [61].
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As mentioned before, the investment analysis is conducted in Table 11, with the
assumption that 0.01% of total revenue is dedicated to tracing and tracking costs, in the
absence of RFID. It has been assumed that RFID implementation contributes to a 60%
reduction in costs. However, we have varied these assumptions, as shown in Figure 4. The
recalculated NPV and ROI values indicate that a 50% increase/decrease in the tracking and
traceability issues varies NPV by almost USD 0.05 million and ROI by 3%. The expected
cost reduction through RFID implementation also has varied from 60% to 90% in this
analysis. Following Figure 4, the expected cost reduction through RFID variations for 0.01%
and 0.02% of total traceability issues increase NPV by USD 0.1 million and USD 0.2 million
and ROI by 3% and 6%, respectively.
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The investment analysis in Table 11 is conducted considering that the loss due to
quality issues claims 0.01% of total revenue, and with the assumption that introducing
the RFID sensor system reduces these costs by 80%. Similarly, we have varied these
assumptions, as shown in Figure 5. The recalculated NPV and ROI values indicate that a
50% increase/decrease in the losses due to quality issues varies NPV by USD 1.3 million
and ROI by 40%. As shown in Figure 5, for 60–90% variations in expected cost reduction
through RFID, NPV increases by USD 0.97 million and USD 3 million and ROI by 30% and
45%, respectively, for quality issues equal to 0.1% and 0.15% of 1-year revenue.
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Figure 5. NPV and ROI calculations for total quality issues, varying from 0.05–0.2% of Year 5 revenue,
with maximum cost reduction, varying from 60% to 90%.

5. Concluding Remarks

We explore and analyze the applications of RFID sensors in the case of an Australian
fresh seafood industry. The Tasmanian salmon producer, Tassal Group, was selected for
this purpose. Using publicly available annual data for a decade, we estimate production
volume, and the required number of RFID sensors is obtained in addition to costs. The
fixed costs are obtained based on the required number of readers in the system. Additional
costs such as maintenance, software updates, and training costs are also included in the
total investment cost calculations.

The benefits of the technology are estimated considering three major business drivers:
quality monitoring, operational efficiency, and tracking and tracing. The gains due to RFID
implementation are calculated by estimating the reduction in labour time and current issues
as a percentage of annual revenues. The investment analysis models in this study were the
NPV and ROI calculations, and these have indicated the economic viability of the project
under specific conditions for business drivers.

The high investment cost makes the technology suitable for large businesses with
considerable quality, tracing, and operation efficiency issues, while the technology requires
cost reduction to make it adaptable to low-income/small businesses. It should also be noted
that only conservative benefits are included in our analysis. However, RFID technology
has other intangible benefits, such as an enhanced reputation for quality service, improved
customer trust, and improved delivery time. This is our agenda for future research.
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