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Overview

research@IDTechEx.com

1. Global sensor markets and technology mega-trends 

2. Value proposition of printed and flexible electronics 

in key sensor markets

3. Case studies of printed sensor commercialization

4. Market outlook and key growth opportunities Printed and Flexible Sensors 2024-2034

www.IDTechEx.com/FlexSensors

Sample pages are available for all IDTechEx reports
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The impact of global technology 

trends on sensors
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Overview of major sensor technology markets 

Automotive Aerospace Industrial

EnvironmentalHealthcareConsumer

• Fuel-air levels 

• Engine oil levels

• Pressure

• Temperature

• Speed

• Parking

• Autonomy (ADAS)

• ‘Mobility electronics’ 

*Sensors described are examples of product lines within each industry, and not an exhaustive list;

• Navigational

• Speed

• Pressure

• Altitude

• Angle of attack

• Fuel temperature

• ‘Avionics’

• Fire Safety

• Temperature

• Humidity 

• Gas safety

• Automation

• Inventory 

Management 

• ‘Industrial IoT’

• Motion (IMUs)

• Touch control 

• Microphones

• Cameras

• Eye/Hand 

tracking

• Fitness/Heart rate

• Heart-rate 

• Blood oxygen

• Blood pressure

• Glucose

• Hydration

• Indoor air quality

• Carbon dioxide 

• Particulate matter

• VOCs

• Pollution

• Water monitoring 

• Soil Monitoring
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Climate Change 
Value in solutions which improve 

sustainability as well as environmental 
monitoring

Demand for more sustainable supply chains, 
and sensors within resource optimization 

solutions. Continued need for improved 
monitoring networks indoor, and outdoor and 

space-based.

Digitalization and AI  The value of data continues to rise with high 
performance and next generation computing.

More data needs more sensors, better 
sensors, and improved sensor networks

Energy Uncertainty

/ High Energy Costs
Lower power, energy harvesting, and 
resource optimization solutions valued

Demand for more efficient sensor 
hardware and more effective sensor 

enabled IIoT solutions

Global Security 
Concerns 

Data security and solutions for enhanced 
national/cyber/sensor security valued

More demand for edge sensing vs. cloud 
dependent solutions. Greater efforts to 

secure supply chains.

Human safety and well-
being

Value in autonomous vehicles to reduce road 
accidents, personalized health and remote 

monitoring to better manage aging 
populations and chronic disease.

Demand for higher performance sensors 
for better quality and new data sources for 

future mobility and med-tech markets

Global Drivers Value opportunities Impact on sensors

Key drivers and associated value opportunities influencing the sensor market 
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Sensor trends and drivers for adoption of new technology

Digital twinning

• Virtual environments

• Simulating change

Automation

• Device decision 
making

• Autonomous 
operations

Cybersecurity 

• Growing data 
collection

• Privacy concerns

Edge 
computing

• Smart devices

• Off-grid functionality

AI

• Machine learning

• Predictive 
functionality

Overview of Key Global Sensing Technology Trends

PerformanceCost Size
Power 

consumption

New and 

relevant 

metrics

Drivers for Adoption of New Sensor Technology
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Contextualizing the value 

proposition of printed sensors
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Advantages of Printed and Flexible Sensors

Printed
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Sensor is printed on a flexible 

substrate (e.g., silicone, 

polyimide, polyurethane

Printed sensor on rigid 

substrate, such as glass

PST Sensors

Isorg

Confidential Functional Print Cluster



Copyright © IDTechEx  |  www.IDTechEx.com   Slide 10 

Advantages of Printed and Flexible Sensors

Flexible and conformable

Low form factor

Large area

Scalable printing

MiniaturizableLow cost per area

Advantages of printing sensors

Using common printing and coating processes

Screen, inkjet, slot die, doctor blade, flexographic 

printing, spin coating.

Sheet-2-Sheet and Roll-2-Roll processes

Printed
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Sensor is printed on a flexible 

substrate (e.g., silicone, 

polyimide, polyurethane

Printed sensor on rigid 

substrate, such as glass
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Printed and Flexible Sensor Technologies and Current Market Size

Piezoresistive / 

Force

Piezoelectric

Strain

Photodetectors

Temperature

Capacitive 

Touch

Gas

Wearable 

electrodes

Printed sensor technologies
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Printed Sensors Struggle to Capture Revenue Share of Large Sensor Market

Piezoresistive / 

Force

Piezoelectric

Strain

Photodetectors

Temperature

Capacitive 

Touch

Gas

Wearable 

electrodes

Printed sensor technologies

Printed and flexible sensors

All sensor technology

Global Sensor 
Market Revenue

>US$100B 
in 2024
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Unlocking new sensing opportunities

Large area Flexibility

Multiparametric
Hybrid 

functionality

Key differentiators for emerging applications 

Evolving Value Proposition for Next Generation Printed Sensor Technologies

Displacing incumbent 

technology

Performance

Cost Size

Power 

consumption

Insufficient value proposition
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Key emerging printed sensor 

markets and case studies
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   Capitalizing on broader market trends

   Measuring new and relevant metrics

   Technology performance advancements compete with incumbent solutions

   Emerging applications with strong product-market fit

   Levering differentials of printed and flexible technology platforms

   Technology is co-developed with products and solutions

   Unlocking low-cost high-volume manufacture threshold

Growth markets for printed and flexible sensor technology

Automotive Industrial Consumer Healthcare

Variety of reasons 
for encouraging 

growth prospects
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Thermal management

Battery health monitoring

Low-power heating

Automotive mega-trends and printed sensor opportunities

Materials, performance, and benchmarking of printed sensor technologies can be found at www.idtechex.com/FlexSensors

Piezoresistive / 

Force

Piezoelectric

Strain

Photodetectors

Temperature

Capacitive 

Touch

Printed sensor technologies

User safety
Vehicle ownership 

saturation
Electrification

Vehicle 

autonomy

Established Emerging Future

Hydrogen fuel 

cell vehicles

Infotainment systems

Human machine interfaces

Battery health monitoring

Fuel storage integrity monitoring

Haptic feedback

Battery health monitoring

Seat occupancy detection

Battery health monitoring

Human machine interfaces

Spatial mapping

Biometric authentication
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http://www.idtechex.com/FlexSensors


Copyright © IDTechEx  |  www.IDTechEx.com   Slide 17 

Extending electric vehicle lifetime is a valuable problem to solve.

Battery health monitoring and optimization opportunities

State of 

charge

Swelling Temperature

Key 

metrics:

Solution - Battery heath monitoring to 

optimize battery charging and deployment.

Solution requirements:

• Lightweight

• Low power

• Low cost

• Relevant metrics

• Active monitoring solution

Value of solution = up to $3000 in savings per vehicle

Source: Flexoo.

Battery health monitoring with printed electronics 
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Predictive 
maintenance could 
render large area, 
high sensor density 
USP redundant

High volume EV 

applications will 

unlock cost-benefits 

of roll-2-roll printing

Factors dictating when and if printed sensors for battery health monitoring 

will be required

Value proposition of printed sensors for battery health monitoring 

Standard electric 

vehicles

Potential growth opportunities 

for printed sensors

Limited growth opportunities 

for printed sensors

Regulatory 

pressure for 

active monitoring

Cost of 

solution

Uncertainty in battery 

chemistry and design
Regulatory pressure 

for active monitoring

Non-printed solutions 

available at lower cost

Low-cost electric 

vehicles

E-bikes / 

scooters

Battery research 

and 

development

Need to improve 

battery technology

Opportunities evolving in R&D

• ML and deep learning-assisted 

modelling of multi-parametric data

• Software development required to 

manage battery deployment and 

performance during operation
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Growth markets for printed and flexible sensor technology

Automotive Industrial Consumer Healthcare

Improving 

safety
Productivity

Reducing OpEX
Optimized 

maintenance

Drivers for 

Technology Adoption

Opportunities for 

printed sensors
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Piezoelectric and strain sensors for structural health monitoring

Operation Materials Strengths Weaknesses

Piezoelectric 

sensor

Force-induced electric 

field generation

• PZT (lead zirconium titanate)

• PVDF

• High sensitivity

• Self-powered

• High cost

Strain sensor Deformation induces 

change in capacitance

• Silicone

• Conductive carbon

• Cheap

• Durable

• Low sensitivity

Displacement sensing,

structural and machine health 

monitoring for equipment and 

infrastructure 

Current market

Key players
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Piezoelectric and strain sensors for structural health monitoring

H2

Structural health monitoring 

for hydrogen storage 

Operation Materials Strength Weakness

Piezoelectric 

sensor

Force-induced electric 

field generation

• PZT (lead zirconium titanate)

• PVDF

• High sensitivity

• Self-powered

• High cost

Future market

Detect cracks and breaks 

with ultrasonic sensors
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Commercialization of printed microfluidic hydration sensors in industrial 

safety and fitness markets

e.g. Uninsured 

costs, equipment 

damage, fire 

losses.

Wage and 
productivity losses

$50.7B

Medical expenses 
$37,6B

Administrative 
expenses
$54,4B

Other
$24,3B

Estimated Work Injury Costs (USA, 2022) 

$167B
2022

Data source: National Safety Council.

Skin-like microfluidic wearable sensor 

for hydration and electrolyte analysis

Industrial safety

Sports and fitness

Clinical research

• Fluid loss

• Sweat rate

• Sodium level
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Growth markets for printed and flexible sensor technology

New 

functionality

Improved 

aesthetics

Product 

differentiation

Drivers for Technology Adoption

Smaller, faster, 

cheaper…

Automotive Industrial Consumer Healthcare
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Force sensing resistors land in consumer laptops for 3D touch, but impact 

will be short lived

3D touch sensor. Source: Tangio.

Single point FSR Matrix FSR

Source: Sensel.

   Large area sensing

   Multiparametric

   Low-cost solution

✘  Not flexible

✘  Weak performance

     with glass
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Evolution of security and biometric user authentication technology

Pin/password
Fingerprint 

(off-screen)

Facial 

recognition

Under-display authentication  

(fingerprint/face)

Improved aesthetics

Greater security

More personalized

No security - 

access restricted 

to home/office
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Printed photodetectors are emerging machine for biometric authentication 

with improved display quality

Under-display authentication  

(touch/face)

Current and emerging sensing solutions

• Optical (visible light)

• Optical (short wave infrared)

• Ultrasonic

In-cell organic photodetectors (OPDs)

OPD OPD Quantum Dot (PbS)

On-cell printed photodetectors
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Patient-Centric Medicine

Growth markets for printed and flexible sensor technology

Automotive Industrial Consumer Healthcare

Digital 

healthcare

Continuous 

monitoring

Remote 

healthcare

Preventative 

healthcare
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Shift to continuous healthcare monitoring presents opportunity for 

conformable sensors

Continuous heart rate monitoring skin patch

A
c
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Frequency of Sampling and/or User comfort 
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Printed photodetectors offer cardiovascular monitoring in flexible form-

factors 

Key measurables:

• Optical heart rate

• Blood-oxygen saturation 

• Pulse wave velocity

Printed and flexible near-infrared sensors 

based on organic photodetectors

Performance parity with silicon / InGaAs

=

Unlock low-cost continuous 

cardiovascular vital sign monitoring

109

1011

1013

1015

Si photodetector

InGaAs photodetector

Ge photodetector

Organic photodetectors

300 600 900 1200 1500 1800

Wavelength (nm)

D
e
te
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y
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D
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Key players
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Commercialization of printed microfluidic hydration sensors in medical and 

fitness markets, with R2R manufacturing demonstrated

Skin-like microfluidic wearable sensor 

for hydration and electrolyte analysis

Industrial safety

Sports and fitness

Clinical research

• Fluid loss

• Sweat rate

• Sodium level

Advantages of printed sensors

• Roll-2-roll enables high throughput 

manufacturing

• Low cost enables single use devices

• Flexible and conformable for comfort

• Clinically relevant biomarkers

Medical wearables applications

• Hydration

• Nutrition

• Stress

• Women's health

Confidential Functional Print Cluster



Copyright © IDTechEx  |  www.IDTechEx.com   Slide 31 

Technology co-development represents a persistent barrier to 

commercialization of printed sensors in medical wearables

Technology 

providers

Patients / 

Users

Healthcare 

providers

✘ Numerous stakeholders with conflicting motivators

✘ Payment mechanisms are major barrier

✘ Challenges compounded by regulatory approval process

comfort

tangible benefits

affordability

revenue

funding 

technology 

development 

partnerships

reducing burden

improving patient 

outcomes

service delivery

Insurers

minimizing loss

quantifying and 

evaluating risk

improving quality of life

triaging

cost effectiveness
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Challenges facing printed sensor and medical wearable markets

Navigating complex stakeholder motivators

Large uncertainty regarding how value 
will be created, who the adopters will 

be, and who will ultimately pay

Sustaining business through long route to 
market for medical products 

Building confidence in novel material solutions

Absence of clear cost and performance 
differentials

Disrupting mature sensor markets

High volume production required to realize cost 
savings

Printed sensors Medical wearables

Confidential Functional Print Cluster



Copyright © IDTechEx  |  www.IDTechEx.com   Slide 33 

Key player target markets highlight the spectrum of commercialization 

strategies available

Medical 
Wellness and 

industrial 

Blue Spark Technologies

Company profiles and full market forecasts available at: 

www.IDTechEx.com/FlexSensors  

Confidential Functional Print Cluster
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Printed sensor market outlook
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Printed and Flexible Sensors Forecast and Key Growth Opportunities

Printed force sensors 
will continue to 
dominate revenue

Printed conformal 
capacitive touch 

opportunity diminishing

Automotive interest for battery 
health monitoring driving 

temperature sensor growth

Growth for photodetectors in 
biometric authentication and 

industrial applications

8.6% CAGR 
for printed and 
flexible sensors
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High growth forecast for printed sensor technologies capitalizing on global 

technology trends

6x increase in annual 

revenue by 2034

Hydrogen economy

Digital healthcare and 
industry

Saturated consumer 
product markets

Latent opportunities for 
low-cost SWIR imaging 

Vehicle electrification

Key drivers
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Printed and Flexible Sensors 2024-2034

Sample pages are available for all IDTechEx reports

Summary - Printed sensor market to reach US$960 million by 2034, with CAGR 8.6%

Key Conclusions

• Key global mega-trends including future mobility, AI and automation, edge computing, IoT, and 
digital healthcare are reshaping sensor requirements.

• Printed and flexible sensors must leverage flexibility, multiparametric and large area sensing 
differentials to compete within established sensor hardware markets.

• The decarbonization transformation of industrial and automotive markets present a clear 
opportunity for printed electronics technology penetration. Medical applications have been 
more challenging to mature due to complex stakeholder dynamics and steeper regulatory 
requirements and approval processes.

• Printed sensor technology offered as a complete product that is easily integrated and deployed 
into an application bear greater commercialization prospects.

IDTechEx.com/FlexSensors
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