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Requirements to the indoor environmentRequirements to the indoor environment

An indoor environment that is comfortable, 
healthy and inspiring

...at the lowest possible energy
consumption



General solutionGeneral solution

The not unhealthy, uniform indoor
environment that results in fewest
dissatisfied
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Psychophysics is dealing with the 
relationship between physical stimuli
and their subjective correlates, or 
percepts.

PsychophysicsPsychophysics

Wikipedia.org





Air temperature
Radiant temperature
Air velocity
Air humidity

Clothing insulation
Activity level

Thermal sensation
Dissatisfaction

Physical

Physiological

Skin temperature
Sweating

Subjective



Prediction of thermal sensationPrediction of thermal sensation
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Perceived thermal sensation = f(ta, tmrt, rh, v, Icl, M)

Perception of draught = f(ta, v, Tu)

Perceived air quality = f(c, ta, rh) 

PredictionPrediction ofof::



COCO22 as an as an indicatorindicator ofof bioeffluentsbioeffluents
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Not Not onlyonly humanshumans pollutepollute!!



ChemicalChemical reactionsreactions in in indoorindoor airair
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CriteriaCriteria for for indoorindoor air air qualityquality and ventilationand ventilation

Non low-pollutingLow polluting

Recommended ventilation rates

0.80.44Category C

1.40.77Category B

2.01.010Category A

For building emissions
L/(s m2)

For occupants
L/(s person)

What’s the energy penalty for selecting a higher category?

(prEN 15251)



Non low-pollutingLow pollutingCategory

1.00.8C
2.11.8B
3.22.4A

RequiredRequired energyenergy for ventilation and for ventilation and climatisationclimatisation

Example conference room



Salaries 100

Rent 10

Capital equipment 14

O&M 4

Energy 1 (2-3)

Annualized cost of a typical 45 mAnnualized cost of a typical 45 m22 office withoffice with
11 m11 m22 per occupantper occupant

(Woods 1989)



 10% less dissatisfied with air quality  1.1% 
increase in performance

 Doubling ventilation rate  1.8% increase in 
performance

Estimated relations between perceived air Estimated relations between perceived air 
quality and performance of office workquality and performance of office work

 Similar relations for temperature



70 billion USDTotal cost of energy in US 
commercial buildings

20 – 160 billion USDImproved worker
performance from 
changes in thermal
environment and lighting

10 – 30 billion USD20% to 50% reduction in SBS 
symptoms experienced by 15 mill

workers

Reduced SBS symptoms

1 – 4 billion USD18% to 25% decrease in symptoms 
for 53 million allergy sufferers and 

16 million asthmatics

Reduced allergies and 
asthma

6 – 14 billion USD16 – 37 mill avoided cases of
common cold or influenza

Reduced respiratory illness

Potential US annual
savings or

productivity
gain (1996 USD)

Potential annual health benefitsSource of productivity
gain

(Fisk 2000)



In the Nordic countries this will amount to 

approximately 3 – 20 billion USD from IEQ 

related improvements in worker performance

In a life cycle assessment of a building a 
lost annual productivity of 5% becomes 
completely dominating

ImplicationsImplications



LearningLearning in in schoolsschools



 EffectEffect ofof reducedreduced indoorindoor temperaturetemperature
 EffectEffect ofof increasedincreased outdooroutdoor air air supplysupply raterate



School performance & ventilationSchoolSchool performance & ventilationperformance & ventilation
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What do we need in the futureWhat do we need in the future

- Multi-compound sensors?

- Artificial noses?

- Sensor networks?

- Sufficient air of good quality! 

- Delegate more control to the occupants?


