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Executive Summary
The overall aim of the work on Deliverable 2.1 related to Task 2.1 ‘Market and literature analysis of state of
art RFID-enabled sensors’ was to determine the optimum conditions to introduce the EMERGENT chipless
RFID sensors on the market. Critical analysis of commercial sensors and realistic potentialities of RFIDenabled sensors were assessed and the configurations for specific sensor applications (e.g. temperature,
humidity, gas estimation) were defined. In view of a commercialization of new chipless RFID enabled
sensors, a trade-off analysis among cost, system complexity and accuracy of the estimation is presented in
this document.
Apart from the technological aspects studied in the following deliverables, several criteria were
investigated in order to understand the structure of the competition and to avoid the existing suppliers to
limit our access to customers:
- The most promising applications were searched and current limitations for a large usage of the
HF/UHF RFID technologies were analysed.
- The cost is mentioned since it represents a key parameter for the success of chipless RFID sensors.
- Constraints from the users’ point of view were also considered.
In the second part of the document, commercial sensors are presented. Sensors based on a colour change
resulted a credible alternative. Then, suppliers of sensor enabled RFID tags are listed.
Finally, a conclusion recalls the main findings and recommendations.
This first market analysis carried out for Deliverable 2.1 is the first step for the definition of the route to the
market of the EMERGENT solutions once prototyped. It will be updated during the project lifecycle and
used as the base for the work related to D5.2 ‘Sustainability plan’ to be released on M34.
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Introduction

By 2015, the global market for RFID (Radio Frequency Identification) technologies is expected to grow to
$11.3 billion (€10.3 billion), with a compound annual growth rate (CAGR) of 12.1% over the next 5 years as
shown in Figure 1. Tags, readers, and other hardware expenditures are growing more slowly than software
and integration services are expected to represent a smaller share (75%) of the RFID market by 2015. This
sector will still experience an 11.5% compound annual growth rate (CAGR) through the forecast period,
reaching a value of nearly $8.5 billion (€7.8 billion). Software and other integration services sector is
estimated to reach $2.8 billion (€2.5 billion) in 2015, a 14% compound annual growth rate (CAGR).

Figure 1: Market research on RFID technologies from BCC Research LLC [1].
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Feasibility study

There are already existing markets for RFID systems that are experiencing a continuous growing (Table 1). It
is difficult to draw up an exhaustive list of applications since authors use different categories.

Table 1: RFID Applications in 2006, number of tags and total value ($).
It should be mentioned that RFID is not widespread due to:
- Unclear cost absorption
- Cost to tagged item
In order to assess the potentialities of the RFID-enabled sensors, several aspects have to be considered. The
two more obvious ones are:
- Price
- Technological feasibility
Porter’ five forces framework reported in Figure 2 can be useful to understand the dynamic of the existing
RFID industry.
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Figure 2: Porter’s five forces.
The future of the chipless tag technology depends on the way it is introduced in the market:
- Direct introduction: Chipless RFID tags, and the readers associated with them, could be seen as a new
comer trying to enter RFID industry. Indeed, the chipless RFID’s value chain might diverge from the
established RFID one. Functional ink suppliers and inkjet printer system providers are different from
RFID supplier;
- Indirect introduction: through alliances to be able to access to existing distribution channels.
IDTechEx lists over 1000 suppliers but the top ten have half of the business [2]. They are Gemplus, NXP, ACS
SYSTEM INTEGRATOR, AssaAbloy, Savi, Smartrac and Allflex. Obstacles might be set by:
- Current suppliers of chips like NXP;
- Current providers of overall RFID architecture.

2.1 Cost related feasibility
The technology will face the barriers to new entrants. In particular:
- Switching costs to install the new readers if it competes with existing applications
- Costs of the tags in terms of tag/product cost ratio:

ratio =

Cost of the tag
Cost of the product

In some RF applications conductive inks based on silver nanoparticles are used to print antennas. Currently,
the price of moderate quantities of ink, for instance 100 ml, is around 600 euros. This means that for an
area of 9 cm² and a thickness of 3.5µm, the cost of the tag is around 20.6 cents of euros. However, it is
expected that the price will drop for large quantities and with consolidation of the technology.
Packaging and/or repackaging can be performed at manufactures site, at distribution warehouse and
retailer site. The number of tags increases as it gets closer to the item.
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2.2 Usages related feasibility
If a packaging application is considered, RFID tags can be added at various stages: load level (e.g.,
truckloads, shiploads, or railcar loads), pallet, case, inner pack and item level. Figure 3 presents a typical
packaging/repackaging cycle for an isolated item along the supply chain. EPC global network architecture is
designed to identify any asset in the global supply chain. In the current state, it seems impossible to
handle/store data sent by sensors in the EPC network. Therefore, chipless sensors cannot be
linked/connected to the EPC framework. As it can be seen in Figure 3, there are stages where items are
packed and unpacked at the same location. For a given manufacturer, its EPC network might coexist with a
local network with chipless tags at its root.

Figure 3: Packaging cycle for an item level.
Table 2 presents the three different configurations regarding the couple Asset/Reader. An asset (i.e. a
pallet) might stay static for some time in a given location. If we want to use a passive tag in the
configuration where the reader is fixed and the asset is mobile, then a threshold sensor is the most suitable
solution. The portals between the different compartments of a warehouse would enable to alert when a
package has been damaged. Non-systematic assessment can be triggered if there is a doubt about the
storing condition. In these cases, a sensor changing of physical state with its environment might be more
useful than an instantaneous value.
Asset

RFID
reader

Fixed

Mobile

Fixed
(Continuous tracking)

Discrete sensors
enabling a mapping

Portal--> Threshold
sensor

Mobile
(Random tracking)

Handheld-->
Threshold sensor

Handheld--> linear
sensor

Table 2: Configurations assets and RFID reader.
Constraints inherent to the signal-detection or signal-processing should also be considered. A pallet is
composed of several cases that contain several inner packs. Isolating a specific case will be difficult.
Moreover, the chipless tags will be in an environment surrounded by others RFID frequencies, like the UHF
band. The area available to add a tag will vary between these several levels.
Assuming that a chipless tag is added at the item level, it could be on:
- Inner side. In some cases potential contact with food or object should be avoided. For some
multilayer materials used in packaging, a dielectric layer might isolate the antenna. Sticker versus
direct printing;
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Outer side. By comparison the size of a bar code EAN-13 is around 40*30 mm2 (Figure 4). However,
the bar code in itself can be scaled. Printing of bar code and the tag on top of each other is a
possible avenue to reduce visual impact. In general term, there is a trend in packaging to reduce
the size of the label.

Figure 4: EAN-13 Bar Code.

2.3 Product related feasibility
Another constraint concerns the product’s manufacturing process and its final delivery format. Antennas
destined to classical RFID are produced by different methods:
- Etching(SMARTRAC)
- Die cutting (BIELOMATIC)
- Wire embedding (SMARTRAC)
- Lamination and laser cutting of the antenna (WALKI)
- Printing:
o Screen printing on PVC foil with a silver paste (SMARTRAC, AUREL AUTOMATION)
o Gravure printing and copper metallization process (KURZ)
o Inkjet printing and copper metallization process (Preco Inc and Conductive inkjet
technology Ltd )
The etching process is only economical with a large number of antennas and usually requires quantities of
500,000 for a production run. But there are a lot of niche markets in RFID where no more than 30,000 tags
are required [3].
In term of production, to manufacture the tag, the envisaged solution will involve some inkjet printing
stages along the process.
To deliver tags to customers several options can be considered:
- Non-integrated to the final package:
o Free standing test strip;
o As a sticker, similar to the existing RFID tags;
- Integrated to an existing packaging material:
o flexible packaging material coming in rolls;
o disposable foam packing trays;
- Inline printing
o approach similar to the coding and marking;
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Figure 5 presents the relationship between complexity and needs for a list of applications.

Figure 5: Complexity-needs relationship.
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Low cost sensors

The following markets have been considered to review the sensors:
- Packaging and more especially food packaging sectors;
- The pharmaceutical sector, pushed by the EU's track and trace and U.S.'s e-pedigree law
o Thermochromics inks

3.1 Time/temperature indicators (TTI)
-

The Fresh-Check® TTI (Temptime Corp., Morris Plains, NJ, USA) are based on a solid state
polymerization reaction, resulting in a highly coloured polymer. The response of the TTI is the colour
change measurable as a decrease in reflectance. The colour of the ‘active’ centre of the TTI is
compared to the reference colour of a surrounding ring. Before use the indicators, active from the
time of production, have to be stored deep frozen where change is very slow.

-

The OnVuTM TTI (Ciba Specialty Chemicals & Freshpoint, SW) is a newly introduced solid state
reaction TTI. It is based on the inherent reproducibility of reactions in crystal phase. Photosensitive
compounds are excited and coloured by exposure to low wavelength light. This colored state
reverses to the initial colorless at a temperature depended rate. This TTI can take the form and
applied as a photosensitive ink.

-

The TT SensorTM TTI (Avery Dennison Corp., USA) is based on a diffusion-reaction concept that
causes the color change of the indicator from yellow to bright pink. The new Smart Dot™ label
system from Daydots is said to be the first label of its kind to illustrate the relationship between time
and temperature using color as a freshness indicator.

-

Due to enzymatic changes; decreases in pH via controlled enzymatic hydrolysis of a lipid substrate,
leading to a color change in the indicator, e.g., the Vitsab TTI (Vitsab A.B., Malmo, Sweden) and due
to microbial changes, the acidification of the TTI medium by selected lactic acid bacteria, induces a
color change in the indicator, e.g., the Cryolog TTIs (Cryolog S.A., Quimper, France), also the (eO) ®
TTI (CRYOLOG, Gentilly, France) is based on a time-temperature depended pH change caused by
controlled microbial growth that is expressed to colour change through suitable pH indicators.

-

The 3M Monitor Mark® (3M Co., St. Paul, Minnesota) is based on molecular diffusion of proprietary
polymer materials. A viscoelastic material migrates into a diffusely light-reflective porous matrix at a
temperature dependent rate. The response rate and temperature dependence is controlled by the
tag configuration, the diffusing polymer’s concentration and its glass transition temperature and can
be set at the desirable range (Taoukis, 2006).

3.2 Irreversible, threshold indicator
iStrip smart labels: The technology was adopted by DHL on a trial basis and the company reported positive
results from the use of the label (Figure 6).

Figure 6: iStrip smart labels.
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3.3 Freshness
Sensors have been developed to measure freshness. Two models can be named:
- The ripeSense® sensor (Figure 7Errore. L'origine riferimento non è stata trovata.). It is used for
fruits, like pears. Its colour varies when reacting with the aroma released by fruit as it ripens.
- The Q sensor. The sensor has been developed by the company Food Quality Sensor International. It
has been launched in 2007. It targets packaged fresh meat and poultry. The start-up seems to be
closed by now.

Figure 7: Freshness sensors.

3.4 Time indicator
Timestrip Time Indicators : the Timestrip (Figure 8) uses a porous membrane, through which a coloured
food-grade liquid dye diffuses in a repeatable fashion. The chemical changes indicate how much time has
elapsed. The Timestrip is activated by pressing a small button that allows the liquid to make contact with
the membrane and begin the diffusion process.

Figure 8: Freshness sensors.
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RFID-enabled sensors

In 2008, a handbook about sensor-enabled RFID tags has been written by the members of the project
BRIDGE (Building Radio frequency IDentification for the Global Environment) [4]. They have listed the
following manufacturers: CAEN, Infratab, KSW, ALIEN, American Thermal, Montalbano Technology, Savi,
Microstrain, Axcess Inc, Bioett, Evigia, Bisa, Cypac, G2 Microsystems, Identec Solutions, Scanpak. From
2008, new manufacturers have arrived: NXP, SMARTRAC, PHASE IV ENGINEERiNG, FARSENS RFMICRON.
Figure 9 reports the evolution of RFID functional complexity.

Figure 9: RFID evolution.

4.1 Microstrain
The product name is EmbedSense® Wireless Sensor (Figure 10). The EmbedSense® Node provides two
measurement channels [5], that is:
1) a differential input channel (strain channel);
2) an internal temperature sensor channel.
The EmbedSense® Node is powered passively using an ‘inductive’ link. The Reader Assembly provides a
125 kHz signal to the Interrogation Antenna.

Figure 10: Freshness sensors.
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4.2 EVIGIA
The product name is Sensor Tag (EV3-ST). The platform (Figure 11) includes a family of products, which
operate at the frequency of 2.4GHz [6]. Tags can be used to measure temperature, humidity and vibration.
The standard package includes a battery capable of up to 2.5 years. With bigger long-life package, the
operating period can reach up to 4 years. Reading range is over 60 m with a hand-held reader. The tag can
be set to alarm when measurements exceed the permitted range.

Figure 11: EVIGIA’s sensor tag.

4.3 American Thermal Instruments
The product name is LOG-IC NFC logger (Figure 12). It is an active HF RFID tag, which can be used as a
watchdog in temperature-sensitive or temperature-regulated environments [7]. The tag allows monitoring
the temperature as a Mean Kinetic Temperature and as function of time. The tag can be programmed to
display a warning light if the temperature has dropped below the specified value. 64000 readings are
promised. The tag is licensed to be used as a reusable or disposable tag.

Figure 12: ATI’s temperature sensor tag.

4.4 Infratab
Infratab’s product name is Freshtime (Figure 13). It is a semi-passive RFID tag compatible with ISO UHF
18000-6B [8]. According to manufacturer's website, ISO 18000-6C (gen2) and ISO HF 15693/18000-3 are
under development. Freshtime's tags are used for monitoring the temperature of perishable items. Lifetime
is from 1 day up to 3+ years depending upon the battery and setup. After programming the information
from the perishable item, the tag can work independently and alert user when needed. These alerts can
include temperature threshold violating, elapsed time or they can be based on shelf life calculations. Also
more detailed data and history can be obtained via RFID queries. The temperature accuracy in the range:
20° to 50°C is +-0.5°C. The cost of a tag is about $12 per tag. It has been tested by DHL and IBM. A cold
chain tracking portal has been implemented.
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Figure 13: Freshness sensors from Infratab.

4.5 CAEN
CAENRFID’s product name is Easy2log (Figure 14). It is a UHF semi-passive UHF RFID tag, which monitors
the temperature as a function of time. In typical use, the battery lifetime is around 3 years [9]. The tag can
be used for an example to monitor temperature over the whole supply chain of medical products or
perishable food items. The tag is ISO 18000 - 6B compliant. The active UHF tag i-Q32T from IDENTEC
SOLUTIONS’ is similar is shape in performance to the tag from CAEN.

Figure 14: Temperature sensors.

4.6 SAVI
Savi‘s Sensor Tag is an active RFID sensor tag for metal containers (Figure 15). The tag works in 433MHz
operating frequency [10]. The tag enables user to monitor both temperature and humidity of metal
containers during transportation and in storage. More advanced sensors, which include door, light and
shock sensors, are also available. It can be used to monitor the security and integrity of shipments. The tag
gives a real-time alarm to the reader if the collected data should rise above or fall below the set range that
a user has defined. Battery life is promised to be around 4 years in typical use. Working range reaches
approximately 100m with Savi Fixed Reader.

Figure 15: Savi Container Security Tag (ST-675).
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4.7 SMARTRAC
SMARTRAC’s product name is sensor DOGBONE (Figure 16). It is a passive UHF inlay equipped with
RFMicron’s Magnus®S IC [11]. RFMicron’s Magnus® S single chip family of IC solution provides sensing
capability via affordable sensor tags for multiple stimuli such as moisture, pressure and positioning (relative
to a metal reference point).

Figure 16: SMARTRAC’s moisture level.
The Sensor DogBone tag would cost around 50 cents apiece. Typical accuracies of ±0.3°C from 0°C to +50°C
and ±1°C over the −40°C to +85°C temperature range can be achieved depending on the calibra\on
technique. RFMICRON develops as well a passive, single-chip temperature sensor.

4.8 FARSENS
There are several products from FARSENS which are battery free, passive RFID sensor tag [12]. They
measure properties like temperature, thermistor temperature, strain/force, pressure and humidity.
By example, the Fenix is built in a compact PCB format and includes a temperature sensor from ST
Microelectronics with a temperature range from -40°C to +120°C (Figure 17). These RFID sensor tags are
compatible with commercial UHF RFID readers (EPC C1G2). With a 2W ERP setup the battery-less
temperature sensor can communicate to over one meter and a half – 5 feet. The temperature accuracy in
the range: 15° to 40°C is +-0.5°C. The price is around 70€ / Unit.

Figure 17: Farsens’s temperature and barometric pressure sensor tag.

4.9 PHASE IV ENGINEERING Inc.
PHASE IV ENGINEERING Inc has several products operating at 134 KHz whose cost is around 200$ [13].

Figure 18: PHASE IV ENGINEERING Inc’s moisture sensor.
Moreover, there is an embedded road bed, battery free passive, wireless RFID UHF EPC [14]. This road bed
moisture sensor (Figure 18) was developed to monitor bridge decks for moisture ingress. The sensor
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antenna is designed to be mounted on a bridge deck or on top of a 6×6 inch grid of rebar. A UHF EPC RFID
reader can read this battery-free sensor through several inches of asphalt or concrete – even when wet.

4.10 NXP
The Pasteur smart sensor tag (Figure 19), based on NXP’s UCODE I2C and funded within the EU Pasteur
project [15], tracks the geographical origin of a perishable and the history of conditions under which it has
been handled, stored and transported.
Current sensor tags only measure temperature and humidity and they are expensive (around 15 to 20
euros apiece). The unique feature of the tag is that it uses temperature and gas conditions recorded during
transportation and storage to calculate a dynamic expiry date, aided by quality models on the tag.

Figure 19: Pasteur smart sensor tag.

4.11 Closed companies
Some additional products have been proposed and patented but these companies seem not anymore in
the market. They are listed below:
- Montalbano Technology. MTSens is HF RFID smart label with the shape and size of a credit card. It
can be placed on flat or rounded surfaces. The tag acquires data of temperature as a function of
time. The data can be read any time during the life cycle of the device and also after the battery has
run out. The battery will last at least four months. The tag is compatible with the standard RF-ID
ISO 15693.
- KSW-Microtec. VarioSens Basic is a credit card sized semi-passive RFID HF label. Tag is ISO 15693-3
compliant. Tag enables users to measure temperatures, to compare temperatures with standard
values and to store related information. This information can be collected by an RFID reader.
Depending on the application and measurement interval, the label can be reused. It has been
tested by Unilever Hungary to look for weak links in ice cream's cold chain.
- Bioett – Biosensor is a combination of bar code and passive RFID tag. The heart of the system is a
chipless RF circuit which reacts to temperature and time, and increases the strength of the electric
signal. This signal is collected by a hand-held scanner as well as the ID of sensor. At least, two
patents have been found:
o Patent Number 7071830, issued July 4, 2006 (Moisture sensor)
o Patent Number 6642016, issued November 4, 2003 (Biosensor and its use to indicate the
status of a product)
- G2 Microsystems – G2C501 is an active UHF tag which can be combined with motion, temperature,
security, shock, humidity, radiation or pressure sensor. The sensor can wake the tag when
predetermined conditions are met. Measurements can be stored in on-chip non-volatile memory or
in an external flash memory if an access point or reader is unavailable. Data can be reported back
through the 801.11 access point, ISO 24730-2 readers or with EPC readers.
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Conclusions

From this preliminary work several important points can be highlighted:
- To be coherent with the use of a passive tag, a non-reversible threshold sensor could be the
preferred option. Moreover, it could be used all along the chain. Semi-passive tags could be
employed to record physical properties at a given interval. On-chip sensors are already on the
market.
- For the packaging arena, some recommendations can be done:
o The size should be close to the dimensions of a code bar, around 30*40 mm2. It will be
possible to print a graphic ink on top of the sensor;
o A flexible substrate will have a larger audience;
o In a first instance, the tag could be on the outside of the package.
- With a chipless tag, it will be difficult to connect with the EPC global network. By consequences,
companies will have to invest in new equipment. It is unclear if specific portals should be used
instead of UHF ones. In the latter case, 1 meter reading distance should be expected.
- Single-chip sensor inlay has arrived on the market, with a price around 0.5€.
- Costing the implementation of the RFID chipless solution is difficult. Existing products give an
indication for the price.
Most of the companies developing the illustrated solutions are still active in the market and only few of
them are discontinued. There are no evidences that motivate the abandonment of this market. However,
the growing interest of the companies active in the sensor market suggests that the competition is high and
requires reliable and cost-effective solutions to play on this ground.
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