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RESULTS
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CONCLUSIONS
• Summary of benefits • Knowledge gaps & future directions
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Systematic Literature Review: Goals
Personalized Environmental Control System (PECS) – a system that provides 
individually controlled thermal, air quality, acoustic, or luminous environments 

in the immediate surroundings of an occupant, 
without directly affecting the entire space or other occupants' environments.

Studies 
exclusively on 

thermal
conditions 

Studies 
exclusively on 

air quality 
conditions

studies considering thermal 
conditions with indoor air quality 

THERMAL + IAQ

IAQTHERMAL
01

Identify
Original 

studies on 
PECS effects 
on humans

02

Assess
How well

research covers:

Comfort

Performance

Well-being

03

Classify
PECS by 

mobility to 
find the most 

beneficial 
types and 
operating 
conditions

04

Look 
ahead

Knowledge 
gaps and 

future 
research 

directions
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Systematic Literature Review

Space type: room, build*, built*, indoor, home, school, office, work*, residen*, hospital, car, auto*  
User type: occupant, human, user  
Level of personalization: personal*, individual, local*
Equipment type: system*, device*, hvac, heating, cooling  
Functionality: heating, cooling, ventilation, condition*  
Comfort relevance: comfort, quality  KE

YW
OR

DS
:

Search period: 
Up to mid-2023
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Literature Overview

DTU Sustain15 September 2022 6Illustrations by: Gadhvi Dhruval, Rajan Rawal

* Others (not illustrated) - related to applications beyond buildings (e.g., vehicles, aircrafts, etc.)

PECS Classification: Thermal & IAQ
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Mobile and can be positioned freely in a room Attached to the human body

Attached to the building and immobile Mobile but requires connection to the building by ducts or pipes
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Distribution of Studies
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324 studies in total (up to mid-2023)
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RESULTS: Thermal PECS
Overview • 137 THERMAL studies • 24 THERMAL + IAQ studies • 197 tests

“Better” - when TSV shifts towards neutral, TAV or TCV improved
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RESULTS: Thermal PECS
Range of air temperature • thermal PECS categorized as “better” (68% of cases)

“Better” - when TSV shifts towards neutral, TAV or TCV improved
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RESULTS: Thermal PECS
Devices overview • thermal PECS categorized as “better” (68% of tests)

“Better” - when TSV shifts towards neutral, TAV or TCV improved
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RESULTS: Thermal PECS
Local body parts targeted • thermal PECS categorized as “better” (68% of tests)

“Better” - when TSV shifts towards neutral, TAV or TCV improved
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RESULTS: IAQ PECS
Overview • 98 IAQ studies • 135 tests

OAS - outdoor air supply, AT - air treatment, OAS+AT - both “Better” – improved  indoor air quality compared to
a reference condition without PECS
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RESULTS: IAQ PECS
Devices overview • IAQ PECS categorized as “better” (48% of tests)
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RESULTS: IAQ PECS
Key performance findings • mostly PV • benchmark - total volume systems at equal ACH

Proximity drives 
the gains

• Wearable PV, a few cm away: up 
to 60% more clean air at 0.2 l/s

• Desk-mounted PV, 30 to 80 cm: 
20 l/s for the same gain

• Ceiling PV, over 1 m: only 20% at 
10 l/s

Closer better 
than stronger.

Assistive devices, 
if balanced

• Personalized exhaust or fans: 
10-20% more effective

• Chair fans lifted ceiling PV by 
20%

• Exhaust above the PV flow: 
40-50% drops to 10%

Balance the flows, 
fans use energy.

Perceived quality 
improves too

• 15-60% fewer occupants 
dissatisfied (20 studies)

• Feels 2-4 K cooler at the 
same room temperature

• About 1 m/s at face level 
restores freshness

Needs cool, dry, 
clean supply air.
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RESULTS: Health Benefits
Overview • 43 studies • performance of PECS • non-clinical and clinical symptoms

Reference: Physiological state Reference: SBS symptoms 

SBS symptoms - upper respiratory and eye irritations, headaches, fatigue, etc. Physiological state – body temperature metrics, cardiovascular response, etc.
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RESULTS: Health Benefits
Number and type of physiological measures in PECS studies
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RESULTS: Human Performance Benefits
Limited evidence base • overview is qualitative • 21 studies

3 studies

Cognitive performance

• Only thermal PECS studied: 
footwarmers, fans, desk grill

• No fan gain at 26 °C (neutral), 
partial rescue at 29 °C

• Cool head with warm feet 
aided logic and math

Helps most off neutral.

8 studies

Work productivity

• Cooling vests: longer 
safe exposure at 35 °C

• Desk PV, 14 to 30 °C: 
productivity not impaired

• Gains only in math, 
Sudoku, self-reports

Task dependent, never harmful.

10 studies

Psychological effects

• Cooling blankets aided 
sleep in heat, PV did not

• Face-directed PV better than  
ankle cooling for mood and 
fatigue

• Acceptance rests on comfort
and ergonomics

Mostly self-reported measures.
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Thermal comfort

• Better sensation, comfort and acceptability than the 
background system alone

• Above 80% acceptability, up to 100% with user control

• Building-detached devices lead; feet, head and hands
targeted the most

Indoor air quality

• Clean air to the breathing zone cuts exposure and infection 
risk

• Better with stratified background flow; device design matters

• Body movement and polluted outdoor air remain weak points

Health

• Nearly all evidence is short-term, under 4 hours, in labs

• Skin temperature, sweating and heart rate fall; core 
temperature results are inconsistent

• Airflow balance and clean supply decide the SBS outcome

Human performance

• Maintained or improved, with no consistent pattern across 
tasks

• Only 2 field studies, both among outdoor labour workers

• Adjusting a device manually may distract from the task

CONCLUSIONS: Unidimensional Benefits of PECS
Evidence from each domain  • assessed separately
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CONCLUSIONS: Integrated effects of PECS
What combining THERMAL and IAQ systems delivers • where the evidence runs out

Comfort gains 
compound

• PV boosts local cooling, 
cutting the capacity needed

• Local purification lifts
perceived air quality

• Heating plus humidification
eases dry-air discomfort

Satisfaction gains add up.

Health results 
mixed

• Studied mostly for SBS, rarely 
for heat stress

• Clean, drier, cooler air with 
balanced flow is best

• Warm or recirculated air  
worsens the benefit

Air quality sets the ceiling.

Performance 
barely tested

• One study only on combined
thermal and IAQ performance

• Few look at multi-sensory response; 
most measure one effect

• Effects can conflict: airflow 
soothes yet dries the eyes

Trade-offs still unmapped.
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Knowledge gaps and future research directions
Six priorities • PECS are still not widely used in practice

Design, 
integration, control

Capacity that holds in heat stress, 
and PV that accounts for movement

and cross-contamination

Standardized 
procedures

Objective productivity under 
realistic tasks, longer exposures 

and better control

Inter-individual 
variability

Participants mostly in their 20s 
and 30s; only 2 studies 
compared age groups

Combined use 
of PECS

Coordination of thermal and IAQ
devices, to avoid conflicting 

controls and uneven microclimates

Multi-sensory 
effects

Effects beyond comfort, and the 
trade-offs, for devices used 

together and alone

Multi-domain 
cross-effects

How a PV system or fans perform 
in domains they were not 

designed for, such as acoustics

for optimum human benefit evaluate human performance accommodate individual differences

operate for beneficial interaction holistic effect on humans cross-domain performance
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