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• 01. BRIEF Program & Environmental Report 

• 02. CONCEPT Architectural  Mass & Lay-out Optioneering

• 03. SCHEME Architectural Proposal

• 04. DETAIL Envelope Design & Conceptual Prototype

• 05. FINAL Project Communication

Environmental Design Class

• 1.1. Project Mission & Space Program 

• 1.2. Comfort Modeling & Environmental Users’ Requirements

• 1.3. Climate based Design strategies

• 1.4. Site Assessment
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Standardized Comfort By Building Regulation
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Standardized Comfort By Building Regulation
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Adaptive Comfort
The thermohygrometric aspect
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THERMAL BODY COMFORT

DIFFERENT HUMAN THERMAL ZONES
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Thermal Adaptive Comfort. Human Body Behavior



Body actions to mantain thermal equilibrium

Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)
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1 hundred billion

Body actions to mantain thermal equilibrium

COLD HOT
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Energy mediator devices= Human skin & Building skin 
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HOW THE BODY EXCHANGE THERMAL ENERGY

conduction

(Sweating)
CONVECTION

Envelope 
temperature
Air temperature

Air speed

Humidity

Metabolism

Clothing

Sweating

Radiation
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The body exchanges:

·62% of this heat via radiation
·15% by evaporation
·10% by convection
·10% by respiration 
·3% by conduction

http://www2.ecospecifier.org/

Thermal Adaptive Comfort. Human Body Behavior



INDOOR SPACE EXCHANGE WITH THE ENVIRONMENT
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RECOGNIZING ENERGY FORMS

FORMS of ENERGY  EXCHANGE
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Adaptive Comfort. Thermohygrometric factors



Relatively small changes in mean radiant 
temperature have a far greater effect than similar 
changes in air temperatures (Ballinger 1992). 
This gives rise to the importance of recognising the 
overall Environmental Temperature [T(env)], as 
opposed to just the dry bulb temperature.

T(env) = 2/3 Mean radiant surface temperature + 1/3 Air temperature

Environmental Temperature
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Adaptive Comfort. Thermohygrometric factors

Air heating (left) versus radiant heating 
(right) in a church building. Source: 
Fabric-friendly heating 
Dario Camuffo

Radiant heating systems compensate a lower air temperature with a 
higher radiant temperature, while air heating systems compensate a 
lower radiant temperature with a higher air temperature. The operative 
temperature -- a weighted average of both -- can be the same. Source: 
Radiant Heating & Cooling Handbook, Richard Watson, 2008.
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Adaptive Comfort. Effective Temperature and Thermohygrometric factors

Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY)



Inverse relationship between Temperature and Humidity

HUMIDITY AGENT : COOLING vs HEATING A GENERAL ESTIMATION METHOD BASED ON EFFECTIVE (Apparent) TEMPERATURE
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75%

The AT is defined as the temperature, at the reference humidity level, 
producing the same amount of discomfort as that experienced under 
the current ambient temperature and humidity.
Basically the AT is an adjustment to the ambient temperature (T) based 
on the level of humidity.

HUMIDITY AGENT : COOLING vs HEATING A GENERAL ESTIMATION METHOD BASED ON APPARENT TEMPERATURE
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HUMIDEX- PERCEIVED TEMPERATURE 
AND DISCOMFORT INDEX (range 20°C-34°C)

HUMIDITY AGENT : COOLING vs HEATING A GENERAL ESTIMATION METHOD BASED ON APPARENT TEMPERATURE
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HUMIDEX- PERCEIVED TEMPERATURE AND DISCOMFORT INDEX 
(range 20°C-55°C)
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HUMIDITY AGENT : COOLING vs HEATING A GENERAL ESTIMATION METHOD BASED ON APPARENT TEMPERATURE



Monthly averages of air and wet 
bulb temperature, relative 
humidity and global radiation on 
a horizontal surface in Dubai.

IDENTIFYING THE COMFORT PERIOD

Project Mission. Goals and Philosophy

G. RIDOLFI | COMPUTATIONAL DESIGN IN THE POST-ENVIRONMENTAL AGE

Multimedia
Architecture
Interaction

MAILAB

PROGRAM |  Mission, Branding, and  Space program



period to be cooledcomfortable period

C  O  M  F  O  R  T            R  A  N  G  E    (Ta)

Monthly averages of air and wet 
bulb temperature, relative 
humidity and global radiation on 
a horizontal surface in Dubai.

IDENTIFYING THE COMFORT PERIOD

Project Mission. Goals and Philosophy
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C  O  M  F  O  R  T            R  A  N  G  E    (Twb)

period to be cooledcomfortable period

C  O  M  F  O  R  T            R  A  N  G  E    (Ta)

Monthly averages of air and wet 
bulb temperature, relative 
humidity and global radiation on 
a horizontal surface in Dubai.

IDENTIFYING THE COMFORT PERIOD

Project Mission. Goals and Philosophy
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C  O  M  F  O  R  T            R  A  N  G  E    (Twb)

period to be cooledcomfortable period

dehumidification

C  O  M  F  O  R  T            R  A  N  G  E    (Ta)

Monthly averages of air and wet 
bulb temperature, relative 
humidity and global radiation on 
a horizontal surface in Dubai.

dehumidification

dehumidification dehumidification

IDENTIFYING THE COMFORT PERIOD

Multimedia

Architecture

Interaction

mailab.biz

prof. arch. giuseppe ridolfi

Project Mission. Goals and Philosophy
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EFFECT OF WIND ON TEMPERATURE (Apparent Temperature)
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WIND AGENT : A GENERAL ESTIMATION METHOD BASED ON APPARENT TEMPERATURE
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WIND AGENT : A GENERAL ESTIMATION METHOD BASED ON APPARENT TEMPERATURE



WIND CHILL- Siple e Passel del 1945 reviewed in 2001
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WIND AGENT : A GENERAL ESTIMATION METHOD BASED ON APPARENT TEMPERATURE

Adaptive Comfort. Effective Temperature and Thermohygrometric factors



metabolism+clothing
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1met = 50kcal/hm²=0,05815Kw/hsqm
1 kcal = 4.190 J = 1.164 Wh. 

1 BTU/h ft2= 5,6783 w/h mq
1 w/h mq= 0,17610904672173 BTU/h ft2
http://www.the-engineering-page.com/conv/u.html

1 BTU = 252 cal
1 BTU = 1,055056 kJ
1 W= 3,412 BTU/h = 1J/s
1 Kcal= 0,00116 Kw/h
http://www.convertworld.com
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Adaptive Comfort. Metabolism and Clothing

MET - The Metabolic Rate

http://www.convertworld.com


100 watt/h

Average body surface 
Male= 2 mq
Female= 1,75

Sitting Activity Met = 1
= 50kcal/hsqm=0,05815Kw/hsqm

100 watt/h

Adaptive Comfort. Metabolism and Clothing

G. RIDOLFI | COMPUTATIONAL DESIGN IN THE POST-ENVIRONMENTAL AGE

Multimedia
Architecture
Interaction

MAILAB

PROGRAM |  Mission, Branding, and  Space program

MET - The Metabolic Rate



Converting the excess heat generated 
by the Stockholm Central Station’s  
2500 daily users to hot water and 
pump it to the nearby Kungsbrohuset
office block.

Adaptive Comfort. Metabolism and Clothing
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MET - The Metabolic Rate



Adaptive Comfort. Metabolism and Clothing
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CLO - The Clothing Rate



Ideal Environmental temperature

Winter 19°-21°C
Summer 25°-26°C 

2025

26

24 19

23

Comfort Temperature

Adaptive Comfort. Metabolism and Clothing
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Controlling thermal comfort by means of clothing



20 °C  ± 2 C°

Tc=13,5+0,54To 

Auliciems A. et al, 2007, Thermal 
Comfort [pdf] Passive and Low Energy 
Architecture International in association 
with the Department of Architecture, The 
University of Queensland Brisbane

Standard code

ESTIMATING ACCETABLE INDOOR THERMAL COMFORT OVER STANDARDIZED VALUES USING AULICIEMS METHOD (1981)

Adaptive Comfort. Methods
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Tc = comfort temperature 
To = outdoor temperature

https://edplondon.weebly.com/comfort/estimating-the-comfort-temperature-using-the-equation-
tc135054to-where-tc-is-the-comfort-temperature-and-to-is-the-outdoor-temperature



https://edplondon.weebly.com/comfort/estimating-the-comfort-temperature-using-the-equation-
tc135054to-where-tc-is-the-comfort-temperature-and-to-is-the-outdoor-temperature

Linear relationship between outdoor temperature and comfort 
temperature (which is the basic principle of adaptive comfort)

Paintings exhibition

Workshop

Reception

Sitting area

ESTIMATING ACCETABLE INDOOR THERMAL COMFORT OVER STANDARDIZED VALUES USING AULICIEMS METHOD (1981)

Adaptive Comfort. Methods
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• Predicted Mean Vote (PMV)
Proposed by Fanger for controlled chamber under steady state conditions. 
It uses four environmental parameters (including dry temperature, radiation temperature, 
wind speed, and relative humidity) and two human parameters (clothing insulation and metabolic rate).
It’s range goes from -5 to +5. It’s Benchmark should be around 0

• Adaptive Method  (AM)
proposed for spaces where occupants can control their thermal environment 
by means of clothing, operable windows, fans, personal heathers, and sun shaders

• Universal Thermal Comfort Index (UTCI)

• Predicted Percentage Dissatisfied (PPD)
It’s based on PMV and its value ranges goes from 0 to 100. It’s Benchmark should be <20%

OUTDOOR COMFORT METHODS

• Physiological Equivalent Temperature (PET)

INDOOR COMFORT METHODS

Adaptive Comfort. Methods
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OUTDOOR COMFORT: UNIVERSAL THERMAL COMFORT INDEX 

Adaptive Comfort. Methods
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Thermal comfort and Relative Humidity

Adaptive Comfort. The Psychrometric Chart Tool
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Thermal comfort and Relative Humidity

Adaptive Comfort. The Psychrometric Chart Tool



Dew point temperature

Thermal comfort and Relative Humidity

Adaptive Comfort. The Psychrometric Chart Tool



Adaptive Comfort. The Psychrometric Chart Tool
Equivalence between dry and wet bulb temperature 



35°26°

Adaptive Comfort. The Psychrometric Chart Tool
Equivalence between dry and wet bulb temperature 



Condition:
MET:  1
CLO:   1

Adaptive Comfort. The Psychrometric Chart Tool
NOMOGRAM INTEGRATING EFFECTIVE TEMPERATURE



Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRESSING RATE)

EFFECTIVE TEMPERATURE & THERMAL COMFORT ZONE

Adaptive Comfort. The Psychrometric Chart Tool
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• Predicted Mean Vote (PMV)
Proposed by Fanger for controlled chamber under steady state conditions. 
It uses four environmental parameters (including dry temperature, radiation temperature, 
wind speed, and relative humidity) and two human parameters (clothing insulation and metabolic rate).
It’s range goes from -5 to +5. It’s Benchmark should be around 0

• Adaptive Method  (AM)
proposed for spaces where occupants can control their thermal environment 
by means of clothing, operable windows, fans, personal heathers, and sun shaders

• Predicted Percentage Dissatisfied (PPD)
It’s based on PMV and its value ranges goes from 0 to 100. It’s Benchmark should be <20%

INDOOR COMFORT METHODS

THERMAL COMFORT TOOL
>to access the tool:  http://comfort.cbe.berkeley.edu/EN

INDOOR COMFORT

Adaptive Comfort. Computational Tool
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http://comfort.cbe.berkeley.edu/EN


THERMAL COMFORT TOOL
>to access the tool:  http://comfort.cbe.berkeley.edu/EN

INDOOR COMFORT

Adaptive Comfort. Hygrothermic Computational Tool
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http://comfort.cbe.berkeley.edu/EN


INDOOR THERMAL COMFORT USING ADAPTIVE METHOD (ASHRAE 55-2017)

Adaptive Comfort. Hygrothermic Computational Tool
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Through this tool is possible to 
visualize the range of comfort when 
people are able to adapt their 
clothes, metabolism and… windows

INDOOR THERMAL COMFORT USING ADAPTIVE METHOD (EN-15251)

Adaptive Comfort. Hygrothermic Computational Tool
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1. Set PMV method

5. Adjust Air & Main radiant temperature (same value) 

unitll the red dot is on the middle of the graph.

That is the raccomended value for  that functional 

activity and space

2. Set Air speed 0.1

4. Set Methabolic rate & Clothing Rate according to the 

analyzed activity

3. Set Humidity 40% *

* Alternatives temperatures values for each functional 

values can be checked modifying Humidity (30-55%)

0. Set ASHRAE-55. Set EN-15251 for EU context 

…and compare results with temperature
values established by national codes

In this psychrometric chart the 

abscissa is the dry-bulb temperature, 

and the mean radiant temperature 

(MRT) is fixed, controlled by the 

inputbox. Each point on the chart 

has the same MRT, which defines 

the comfort zone boundary. In this 

way you can see how changes in 

MRT affect thermal comfort. You can 

also still use the operative 

temperature button, yet each point 

will have the same MRT

INDOOR THERMAL COMFORT USING ADAPTIVE METHOD (ASHRAE 55-2017)

Adaptive Comfort. Hygrothermic Computational Tool
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Adaptive Comfort. Thermal Environmental Cluster
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Adaptive Comfort. Thermal Environmental Cluster
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