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*Requires humidification in the winter.
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Standardized Comfort By Building Regulation

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

Activity

lHlumination

- (lux, lumen/m?)

Public areas with darkfsurroundings 20 - 50
Simplg orientation for short visits b 50 - 100
Working areas where visual tasks are only occasionally performed - 100 - 150
Warehouses, Homes, Theaters, Archives 150
Easy Office Work, Classes y — 250
Normal Office Work, PC Work, Study Library, Groceries, Show Reoms, 500
Laboratories
Supermarkets, Mechanical Wakshops Office Landscapgs F 750
Normal Drawing Work, Detailed Mechanical Workshops, Operation Theatres 1,000
Detailed Drawing Work, Very Detailed Mechanical Works 1500 - 2000
Performance of visual tasks of Ig:r igcér;troafstzma:d very small size _for prolonged 2000 - 5000
Performance of very prolonged and gxacting_\—(isual tasks y 5000 - 10000

Performance of very special visual tasks of extremely low contrast and small size

10000 - 20000
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Standardized Comfort By Building Regulation

Source IESNA, 9" Edition Lighting Handbook, Reference and Applications, Chapter 10

I. INTERIOR Very Important | Irnpc:»rtant| | Somewhat impc:»rtant| | Blank = Not important or not applicable
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Ch.

Reading (16)

Copied tasks
Microfiche reader
Photograph, moderate detail
Thermal copy, poor
Photocopies
Photocopies, 3 generation
Data processing tasks
YDT screens
Impact printer
good rnibbon
2" carbon and greater
ink jet/laser printer
keyboard reading
Machine rooms
Active operations
Tape storage
Machine area
Equipment service
Thermal print
Handwntten tasks
#2 pencil and softer leads
#3 pencil
#4 pencil and harder leads
Ball-point pen
Felt-tip pen
Handwritten carbon copy
VWhite boards
Chalk boards
Printed tasks | |
G-point type
&- and 10-point type

Glossy magazines
Maps

Newsprint
Typed originals
Telephone books [

moommiol (Mmoo (Oo|mMal (» |Mmo|mmk>

M
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Interaction

IES ILLUMINZ EGORIES and VALUES - for GENERIC I | VITIES
ACTIVITY CATEGORY LUOX S
Public s A 20-30-50

surroundincs

Simple orx short B 50-75-100

temporxary

Working spaces where wvisual C 100-150-200 10-15-20
tasks are only occasionally

performed

Performance of o0-30-50
high contrast or Wlarge size
Performance of wvisual tasks of
medium conntrast or nall size

Performance of wvisual
low contrast or very

Performance of wvisual t&
low contrast orxr very sm
over a prolonged periocd
Performance of very prolon
and exacting visual tasks

Performance of very special 000-2000C 1000-1500-2000
visual tasks of extremely low

contrast

A-C for illuminances over a large area (ie lobby space)

D~-F for localized tasks

G-I for extremely difficult wvisual tasks
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Adaptive Comfort

The thermohygrometric aspect
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Thermal Adaptive Comfort. Human Body Behavior

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

ody actions to mantain thermal equilibrium
body core temp. +2°C

- N
. : .
I ‘.‘\. “ 2% e N . """.O
' A AlS EA R U ,f,..;;; ST e~
> - - . .

T ;__,‘,.‘- '

body core temp -2°C
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Perspiration
207 watts?
37°C skin
temperature
: 5 Basal production Yb -
onvection R n
C ?mm l rate == 90 waltis adiatio

Evaporation
g -t Water vapour
gzgg::gn. N 4 10" sweat glanc
1 hundred billion
Air: 19°C
Fig. 21-1 KMc
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Thermal Adaptive Comfort. Human Body Behavior

Energy mediator devices= Human skin & Building skin

Ceiling
FUEL 25% to 35%
;- (A
.l" ~ i .
NATURAL 4¥ o~ =& EXHALATION Windows Walls
CONVECTION ~. . OF WARM 11% t0 20% 10% to 20%

P AND
F MOISTGASES
) \'® _ _

%

N
RADIATION e
;- EVAPORATION .
- Air leakage Floor
..'..: o) 15% to 25% i 10% to 20%
\ ."\“
Ceiling :'1 4
25% t0.35%

Windows
25% to 35%

FORCED CONVECTION

Walls
15% to 25%

¥
% Air leakage Floor

CONDUCTION 5% to 15% 10% to 20%
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Thermal Adaptive Comfort. Human Body Behavior

HOW THE BODY EXCHANGE THERMAL ENERGY

: CONVECTION
Echanges thermiques gy corps humain (Sweating) 33%
- E The body exchanges:
- EVAPORATION
Envelope N . o - 26% /
T y————— Wi 2400 Satss ~raposaliuly .62% of this heat via radiation
Air temperature ¥ O sweating - > " 027 ot this hea /1 adiatio
]I i . - AIR 15% by eVapOrat|On
Air speed | ‘g 3 35948kt Convection 86°F -10% by convection
T : " -10% by respiration
_ Humidity 3% by conduction
T — 11132, Radiation RADIATION o by
Metabolism e - 41° of heat
T — . o
Clothing Fa— N loss
) crree ":leu_‘l)"
y e paeTe
".‘ 4 'y Modified from Frisancho 1993:33
% , 1 http://www?2.ecospecifier.org/

conduction
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Adaptive Comfort. Thermohygrometric factors

COGNIZING ENERGY FOR

INDOOR SPACE EXC WITH THE ENVIRONMENT

FORMS of ENERGY EXCHAN

Conduction
e
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Interaction

Adaptive Comfort. Thermohygrometric factors

Forced-Air Radiant
- Heating Heating
Environmental Temperature Syatom System
Relatively small changes in mean radiant MY Mean Radian
S Air it Temperature
temperature have a far greater effect than similar o |
changes in air temperatures (Ballinger 1992).
. . . . . Operature Operature
This gives rise to the importance of recognising the Temperature @ Temperature
overall Environmental Temperature [T(env)], as i
. — Mean Radiant :Oﬁ
opposed to just the dry bulb temperature. Temperatufe )< . -
Temperature
Air heating (left) versus radiant heating
(right) in a church building. Source:
Fabric-friendly heating
Dario Camuffo
| 1
T(env) =  2/3 Mean radiant surface temperature + 1/3 Air temperature M

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

HUMIDITY AGENT : COOLING vs HEATING A GENERAL ESTIMATION METHOD'BASED ON EFEECTIVE (Apparent) TEMPERATURE

4.5

A 24-hour period set of data from
a weather file shows the
interaction of the dry bulb
temperature, the relative
humidity, the direct solar, diffuse
solar, wind speed and cloud T0°F§
cover. Note the inverse

relationship of temperature and 50°F
humidity; direct and diffuse solar

irradiation; and the inconsistent 30°F
relationship between cloud cover

and direct solar.

300 Bturh/ft?

90°F

200 Btu/h/ft?

100 Btu/h/ft?

Source: Autodesk Ecotect Suite . 43"'_‘ 8am - Noosn 4pm 8pm
output of EnergyPlus weather data. — lemperature = irect Solar
Courtesy of Callison. — — Rel. Humidity ----- Diffuse Solar

Wind Speed Cloud Cover

Inverse relationship between Temperature and Humidity
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Adaptive Comfort. Effective Temperature and Thermohygrometric factors

HUMIDITY AGENT : COOLING vs HEATING A GENERAL ESTIMATION METHOD BASED ON APPARENT TEMPERATURE

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.

30% 3‘5" 40° 15" 50% 55% % 65% s 80% 85% 90% 95% 100%

/5%
' Umidita relativa

%
100

75 1 = THE
A 00T
il‘ : w ‘xib 1 1111 MIHIM i il |" ”ll‘ .' .= ‘

Lt L j,' ‘

- i |
|'r—\-‘.<

50 -
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25 4
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‘ab“3ﬁagss:uﬁu5

2
M2 29C°  Nessun disagio
Da30a34C® Sensazione didisagio
Da35a39C® Intenso disago. Prudenza: imitare le attivita fisiche pil pesanti
Da 40 345 C®  Forte sensazione di malessere. Pericolo: evitare gl sforzi

Da¥6 @53 C%Y Pericolo grave: interrompere tutte le attivita fisiche

Pericolo di morte: colpo di calore imminente

BENLELE2E6E
ERYLESSIER

-~J4

----------------------------------------------------

T~ Massimo: 100.0 ¥ Media: 75.0 = Minimo: 16.0
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5% 7006 ]50.'0 803‘0 85x * 90’ D 95""7 1000)
Decreases in bar width
indicates decrease in effect

.....
' -

42° IR
M°
40° EES

Py

39° EEkEN- 53

38° YN

N 0 ia

36° [EE 47

35° 37 45

34° S 43 Mites

33° EECEN B 41

32° EECEE U L (1) Respiratory

J1° 33 34 35 37 s Infections

s 30 32 33 34 35 36 Allergic Rhinitis

Ml 29 |30 3 32 33 35 and/etime

28" 28 29 30 N 32 33 Chemical

A 27 27 28 29 30 A Interactions

(e 26 26 27 28 29 30 ozorie. 2B

Aa 25 125 26 27 27 28 Production

Il 24 24 24 25 2% 27 L
23° 23 23 23 24 25 25 1. Insufficient dataabove 10 20 30
2 B B s 24 R oA Per Cent Relative Humidity

Finoa 29 C° Nessun disagio

Da 30 a34 C® Sensazione didisagio

Da35a39C° Intenso disagio. Prudenza: imitare le attivita fisiche pill pesanti
Da 40345 C® Forte sensazione di malessere. Pericolo: evitare gl sforzi
Dad6a 53 €% Pericolo grave: interrompere tutte le attivita fisiche

Pericolo di morte: colpo di calore imminente

" L
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Adaptive Comfort. Effective Temperature and Thermohygrometric factors

HUMIDITY AGENT : COOLING vs HEATING A GENERAL ESTIMATION METHOD BASED ON APPARENT TEMPERATURE

IR
RN

TR,

__
OTTIMALE

EENESSEF: EHIEDLUS

HUMIDEX- PERCEIVED TEMPERATURE AND DISCOMFORT INDEX
(range 20°C-55°C)

20 25
@EGP TEMPERATURA
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Project Mission. Goals and Philosophy

IDENTIFYING THE COMFORT PERIOD

= Twb ['C] +« RH [%)

P 250
a 60
: -
3 §
;gw 16015
3; 5
18 o
; 20- =
; il
E o
<

0

o T 1 t T T ) L T
Monthly averages of air and wet
bulb temperature, relative Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
humidity and global radiation on
a horizontal surface in Dubai.
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Ambient air and wet bulb Temperature [°C],
rel. humidity [%] |

Monthly averages of air and wet
bulb temperature, relative

humidity and global radiation on

a horizontal surface in Dubai.
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Project Mission. Goals and Philosophy
IDENTIFYING THE COMFORT PERIOD

« Ta|*C) = Twb ['C] «  RH [%] O_Gh [kWh/m2]
70 - v 250
60 e
] . , A ’_/"/ . N—— a . 1 200
50 - p /‘ ” & . o Ny
/ .
40 - ; : \ 1150
/ e
o e e — b X
30 ! |
\\ 100
x& FOﬁANG’E’f)--. ~
L u - . :
_— K
> 150
10
0- -+ 0

Jan Feb Mar Apr May Jun Jul

comfortable period

period to be cooled

Aug Sept Oct Nov Dec

Global horizontal radiation sum
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IDENTIFYING THE COMFORT PERIOD
+ Ta[’C] =« Twb['C] + RH[%] G_Gh [kWh/m2]
70 - T 250
g.
g1 4 ;
«g ‘ A // X N R & ! 200 g
p. - . 0
: s O N :
.2 E: ,/ L \ ) 150 g
Fo) T 40 - / ‘\\ ®
S / s
25 | X A -
‘ \ ~ <
‘é = 305 s 100 ﬂ
© -E \\ 1 )
5 x& FOEANG‘E‘!)-.. <% S
R o - . r—
s 20 . s
$ P—*“CWFOIT lANGI(wa) lso 3
2 10
g
Monthly averages of air and wet 0‘ X x ‘ : , X I b o
bulb temperature, relative Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
humidity and global radiation on
a horizontal surface in Dubai.

comrtortable perioc

period to be cooled
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Project Mission. Goals and Philosophy
IDENTIFYING THE COMFORT PERIOD

HIIMIIIITY & AIR ounuw GIIIIIE

Decreases in bar width
indicates decrease in effect

Bacteria

Viruses

+ Ta[’C] = Twb['C] « RH[%) G_Gh [kWh/m2]

—_
a dehumidification

60 P —— dehumidification

Fungi

Mites

Respiratory
Infections

Allergic Rhinitis
and Asthma

Chemical
Interactions

Ozone
Production

10 20 30 40 50 60 70 80 90
Per Cent Relative Humidity

-

1. Insufficient data above
50 per cent R H,

bulb Tempe
umidity [%]
b

N

Global horizontal radiation sum

Ambient air and

0 -+ 0

. L ] L | 1 1
Mar Apr May Jun Jul Aug Sept Oct Nov Dec ,«\*’:1%"5,_ i

Monthly averages of air and wet J
an Feb A

bulb temperature, relative
humidity and global radiation on dehumidification ,‘/M:{\,\\ Souslad
d hOFIZOI’\ta| Surface |n DUba|. prof arch. g|useppe r|do|f|

comfortable perioc period to be cooled O O

w Interaction

mailab.biz

1 ‘d\“\0
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Adaptive Comfort. Effective Temperature and Thermohygrometric factors

WIND AGENT : A GENERAL ESTIMATIONSMETHOD BASED ON APPARENT TEMPERATURE

EFFECT OF WIND ON TEMPERATURE (Apparent Temperature)
Wind Speed (mph)

Temp (°C) 10 20 30 40 50 60
20 17 15 14 13 12 11
15 12 9 7 6 | 5 i
10 7 3 1 0

5 2 -3 ﬁ; 5 . 1

0 -4 -9 / :

-5 9 -15 :
-10 -15 : g
-15 21 .
-20 -27 : / : :

Wind chill equivalent temperatures from Steadman
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Adaptive Comfort. Effective Temperature and Thermohygrometric factors

WIND AGENT : A GENERAL ESTIMATIONSMETHOD BASED ON APPARENT TEMPERATURE

nt temperature (AT) as a Wind Chill - after Steadman 1924 '

Temperature [7C)
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12 13
11 12
11 12
10 12
10 11
10 11
10
10
10

2]

()

e S B S I S T R I S S o e B e e e B L Y o Y T R R L S L]

(]
L]
k-2
_

[y}

O — — = kO R RO OO G0 e S imy
1

F= = =M D55 ]~ 0O 00 00 O

— — [

O — — — O R R0 GOy
1 S R R e o e e ] —-

e o

— ek k. b b b b — — [

O e O N T O e o O SR N
o0 OO =] = = 00 00 O OO O — — — B RO R D0 D0 e e

hodl == =2 — —& —a

O — — = kO RO RO G0 G0 e e e LT LT

e B L I S I o T e A i R T R ]
o R S R T T T S Ao B R Bt ] C)
L A R A . (T S (R Y -,

i o e e il S O T TR TR R A | LT
U N Y T W . (L -,

—_—

1 LT

— ek bl el b b ol b bk ek b ek ek el el ek ek ek ek ek el [

O A |
o I o R T S R ey B R Wt ™ N N o e S Y SO Y LS T T R R e o b I A B Bt Bt |

=S SN T T O o e T O O B S B

[

Py e g ]

T

Y]

=] =~ N 3
[ Oy

1

1 LT

= Mmoo S =] = ] 00 00

e
il e

PRI L. (L WL, T TN, L W L. TR WL, TN TN, T S L T L WL WL T LN ML TREEL BaAELY

D0 e = =M 0 000 =] =] 000000 0.0 — — = ROk 00000 O G GO = 00 00 00O
—
F-J
—
S

Wind speed (kmih)

LT Ch

0O — = = RO L DO B e T LT

= 5 3]
1

— = b3 R G0 L0 G0 e e DT LT LT OO0 O O

a5

LT L1

QS N
1

1
Bl o) — —+ —& —% % % & & % — —a

MMM Mo

1 OO O

=D O
OO OO OO
== —d =d
0 Ch

1

| ILT L |
1 1

1 == = =

(mI R E N E]

== = ] O

1
[ ]
1
1
LT

| I|_I I_'l_l I_'l_l | I|_I | I|_I
Ll
1

[l |
1

LT
O = == b R RO 0 G0 e e e £TTE

(mI R ET ]

= = ]

)|

(7]

(g

= = 0 I

o SN G N N R ML T P 0 SO SO S L 7 W7 7 T S '

1
- — a2 a3 a2 a2

1
1

(i |
1 1

[y
1

O O O T U

=4 =4 ~] —~] ~]

sl el L]
T

21
Apparent temperature with no radiational heating and relative humidity fixed at 70%
Farmula from Morms of apparent termperature in Austraiiz | Aust. Met. Mag, %ol 43, 1934 1-16.

1
I
(e e R R R e B e v
S0 Sy =] 7= = 00 00 O 0 0 O — —

1

1
o
Iy g

(nm
1



UNIVERSITA
DEGLI STUDI O ‘ MAILAB G. RIDOLFI | COMPUTATIONAL DESIGN IN THE POST-ENVIRONMENTAL AGE

FIRENZE Multimedia
DIDA . . . .
Py w Architecture PROGRAM | Mission, Branding, and Space program

Adaptive Comfort. Effective Temperature and Thermohygrometric factors

WIND AGENT : A GENERAL ESTIMATIONMMETHOD BASED ON APPARENT TEMPERATURE

Air Temperature (Celsius)

0 -1 L -2 -3 -4 5 -10 -15 -20 25 -30 35 ~40 45 50 55 60

Wind Speed (kmvhr)

-

. 10 to 25 Modarate  -25 to - 45 Cold 45 to 59 Extreme 80 Plus very Extreme [

WIND CHILL- Siple e Passel del 1945 reviewed in 2001
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Adaptive Comfort. Metabolism and Clothing

UTCI
Equivalent Temperature (°C)

Me r0|oglc b |\ 50 extreme heat stress |8
18 o ]
8 | Very strong heat stress L 40
= strong heat stress
. |© L oderate heat stress | SKa
air temperattL O \oderate heat stress ||
T S i
(Ta) O 20 - 20
[ no thermal stress
N
2 10 10
radiation o »
slight cold stress |
< (Tmrt) ' 0 . 0
moderate cold stress
o -10 -10
| O humidity
- (I'H, pa) -20 - strong cold stress - -20
metabolism+clothing
-3 - - =30
wind | very strong cold stress :
(Va) [ ) % @ ﬁ -40 - - -40
s extreme cold stress |}
v .1 0.3 0.5 -50 - -m
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h

Resting

Sleeping
10 ks Rechining
o Scatod, quiet
Sanding, rolaned
Walking (on fevel surface)
29 s (2 ph) : hE
44 s (3 mph) a8 246
Office Activities
- 1% 10
IS 1.0
20 W
22 12
26 14
kgl Walking about N \.7
werh Lifting packirg W 2.1
, 18 to 37 10020
1met = 50kcal/hm#=0,05815K Aireradt, foutine 2 E
Atrcrafl, msirum 33 I8
1 kcal = 4.190J) =1.164 Wh. a e
204037 LwlH
1 BTU/h ft2=5,6783 w/h mq il A o
1 w/h mg=0,17610904672173 BTU/h ft2 oi’k"“’bmm'“' " -t
: _ i ino- 2 (table saw) a2 18
http://www.the-engineering-page.com/con I i . ol
Ky 74 30
oding 110 1b bags 74 40
1 BTU =252 cal xk and shove! work T4 88 10wds
1 BTU =1 055056 kJ Miscellmeous Leisire Acuivities
’ Dancmyg, social H Xl JAmAA
1 W=3,412 BTU/h =1J/s Catisthenics/cxercese 35 10 74 30 t0 4.0
Temnis, singles 66 to T4 l6wd0
1 Kcal=0,00116 Kw/h Baskcthall %0 w0 140 501076
http://www.convertworld.com Wresing. competive Lot By 10t 8.7
Sowrcvs; Compaled from vaross sources. For ad@tonal miommation, see Buskink

(1960, Passwore and Duanin (19671 and Webb ( 1964)
"] met~ 184 Bk ¢


http://www.convertworld.com
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Adaptive Comfort. Metabolism and Clothing

MET - The Metabolic Rate

Sitting Activity Met =1 Average body surface
= 50kcal/hsgm=0,05815Kw/hsgm Male=2 mq
Female=1,75

100 watt/h 100 watt/h
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Adaptive Comfort. Metabolism and Clothing

MET - The Metabolic Rate

-t

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.
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Adaptive Comfort. Metabolism and Clothing

CLO - The Clothing Rate

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

O 0.1 0.8 1.0 1.5 3 clo
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Adaptive Comfort. Metabolism and Clothing

Controlling thermal comfort by means of clothing

Résistance thermique des hablts [m? °CIW]0 3

0 0 l
g (met) — I
gf 3,0 — 3
-
i — 150
a i Ly
\{ 1 [ g
!‘,{ 2,0 — E,
& - 100 =
g £SS
2
- e
v ‘ Y
3C. g
L - a50F 50
P n=S t —
0 1,0 Habillement [clo] 2,0
..-;Q;\ , : | ldeal Environmental temperature
i ¥
i 1N Winter 19°-21°C
Summer 25°-26°C

B Comfort Temperature
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Interaction

Adaptive Comfort. Methods

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

Auliciems A. et al, 2007, Thermal
Comfort [pdf] Passive and Low Energy
Architecture International in association

20°C £2(C gk i
TC:13;5+O, 54TO TC = COmert temperature

Standard code

Month Avg Temp (To)(°C) | Comfort Temp (Tc) QE) To = outdoor temperature
January | 5.3 164
February [ 3.4 153
| _March | 8 _17.8
. April 8.1 1/.9
May 11.2 19.5
June | 15.8 2
july | 19.7 241
| August | 16.9 22.6 N
| September | 13.1 20.6
| October 9.9 18.8
[ November | 10.4 19.1
December | 6.7 17.1
Temperature needed to achieve comfort
I https://edplondon.weebly.com/comfort/estimating-the-comfort-temperature-using-the-equation-

0 3 6 9 12 tc135054to-where-tc-is-the-comfort-temperature-and-to-is-the-outdoor-temperature
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Adaptive Comfort. Methods

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

30

10

14.1 13 9

JAN FEB

Outdoor Mean Temperature (°C)

MAR APR MAY JUN

278

27

Reception
JUL AUG SEP OCT NOV DEC

Comfort Temperature Range (°C)
{adaptive theary for free-running buildings. 80% acceptability)

30 10
27.8 97
25
25
20
20 15
) 141 4349 14.7
10
15 s
° JAN FEB  MAR APR  MAY JUN JUL AUG &a”ayngéveﬁgglbltlon
10 .
- Comfort Temperature Range (°C)
Dutdoor MeaiE IR -{adaptive theory for free-running buildings, 80% acceptability)
30
206 757
=
25
20
0
18.7
0 1 2 3 - 5 6 7 10 11 12 ‘ 17.2
ey o4 00 164 16.3
I Comfort Temperature Months |
B Average Temperature 10 J 0 rkShOp
Linear relationship between outdoor temperature and comfort s
. . . . . . —l—
temperature (which is the basic principle of adaptive comfort)
0
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 1
Comfort Temperature Range (°C)
——— COutdoor Mean Temperature (°C) (adaptive theory for free-running huildings, 80% acceptability)

30

25

20

15

10

27.8

27

261
25.1
. 237 2o 5 22.8
20.9 L 217
20.8 |TI_
19 1 18.9
16.7 M 15 6 15.B|_
14 .1 1319 1 14.7
Sitting area |
1
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Qutdeor Mean Temperature (°C)

Comfart Temperature Range (*C)
{adaptive theary for free-running buildings, 80% acceptability)

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
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Adaptive Comfort. Methods

OUTDOOR COMFORT METHODS
e Universal Thermal Comfort Index (UTCI)

UTCI follows the concept of an equivalent temperature.
This method summarises the interaction of environmental agents such as: temperature, wind speed, and humidity, and radiation (long- wave and short-wave radiant heat fluxes).

e Physiological Equivalent Temperature (PET)

PET is one of the most commonly used indices for measuring heat stress in outdoor spaces. It is the output of Munich Energy Balance Model for Individuals (MEM

INDOOR COMFORT METHODS
e 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

e 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

e Predicted Percentage Dissatisfied (PPD)

It’s based on PMV and its value ranges goes from 0 to 100. It’s Benchmark should be <20%
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Adaptive Comfort. Methods

DOOR COMFORT: UNIVERSAL THERMAL COMFORT IND

| no thermal stress

A

1.0

0.8

0.6

04

Probability
SSal}s p|o2 Jybis

§saJljs jeay buoays Al

0.2

0.0
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Adaptive Comfort. The Psychrometric Chart Tool

Thermal comfort and Relative Humidity
2 25

) % e

/ / Sz ) b

D \\

Qé? A\ 0.030
§

N\
& \ .
§° \ 5
Psychrome hart 5 \ \
i 7 < 0.025
SI (metric) units K \ /
Barometric Pressure 101.325 kPa (Sea level) éc
based on data from & \
Carrier Corporation Cat. No. 794

Humidity Ratio (gm Water / gm of Dry Air)

Dry Bulb Temperature (°C)



Adaptive Comfort. The Psychrometric Chart Tool

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

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

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

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

NOMOGRAM INTEGRATING EFFECTIVE TEMPERATUR

Dry Bulb Temperature, °F

e
N

q42°

#n° : : X 1¥1 .
w0 I : Condition:
39° 43 45 4 4 o

o Py 5 MET: 1

XIAl 40 42 44 45 4 .

I3l 39 40 42 44 45 : Sa CLO 1

xINl 37 39 40 42 44 45 5

sELl 36 37 39 40 42 43 45 5 48 4 \ )2

ol 34 36 37 39 40 41 43 44 45 4 48 S ' < "

Sl 33 34 36 37 38 40 41 42 44 45 4B 4 - foxe Cange

Rl 32 33 34 35 37 38 39 40 42 43 44 45 : 0 1 EFOD0 SN

(IRl 30 32 33 34 35 3 37 339 40 4 42 43 ' Dl ' 4

M 29 30 31 32 33 35 38 37 338 39 40 #H 45

Sl 28 29 30 31 32 33 34 35 3B 37 338 39 42

RN 27 27 28 29 30 3 32 33 384 35 38 37 40

IRl 26 26 27 28 29 30 3 32 33 34 34 35 38

I3l 25 25 26 27 21 28 29 31 3 3R 33 34 36

yJEM 24 24 24 25 26 27 28 28 29 30 3 3R 34

Xl 23 23 23 24 25 25 2% 271 28 28 29 30 32 25

YEl 22 22 22 22 23 24 2% 25 2% 21 21 »® 30

Fnoa 29 C° Nessun disagio

Da 30 a34 C° Sensazione didisagio

Da35a39C° Intenso disagio. Prudenza: imitare le attivita fisiche pill pesanti
Da40a45C® Forte sensazione di malessere. Pericolo: evitare gl sforzi

Pericolo grave: interrompere tutte le attivita fisiche
Pericolo di morte: colpo di calore imminente

Fig. 8-8. Nomogram for the “new,” effective temperature
(ET"), including data points for US Army heat deaths
provided by Hardy. ashrae: American Society of Heating,
Refrigerating, and Air-Conditioning Engineers, Inc; clo: unit
of clothing insulation, 1 clo = 0.155 m? K/W; MET: unit of
metabolism, 1 MET = 58.15 W/m®. RH: relative humidity.

[llustration: Adapted with permission from ASHRAE. Copy-
right 2005 © American Society of Heating, Refrigerating,
and Air-Conditioning Engineers, Inc (www.ashrae.org). Re-
printed with permission from the 2005 ASHRAE Handbook —
Fundamentals. (This text may not be copied nor distributed in
either paper or digital form without ASHRAE's permission.)
20 30 40 50 Data source: Hardy JD. Thermal comfort and health. ASHRAE

J. 1971;13:43.
Dry Bulb Temperature, “C

Dew-Point Temperature, *C
S

Ambient Vapor Pressure, kps

- b
L= B ¢
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Adaptive Comfort. The Psychrometric Chart Tool

FECTIVE TEMPERATURE & THERMAL COMFORT ZON

US Army heat stroke Dry Bulb Temperature, °F
danger line = ET*35 .. - o A S
B hea o
deaths
(1942.1044) 15
— 35 ET hoat
(&) oK '
z A . &
” 5 B
q
Py § 1 MET. 0.6 cio g
Wed <015 mis
%‘ 2 3 §
s |
a &€ 20 | %
o § 12
: 15 N"E
10 41
: 20 30 40 S0
S Dry Bulb Temperature, °C

0 S 10 IS 20 25 30 35 40 45 SO <
t T T T T r T 1 1 1
30 40 50 60 70 80 90 100 10 120 °F

Thermal comfort= f (TEMPERATURE, WIND, HUMIDITY, METABOLIC RATE, DRE
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Interaction

Adaptive Comfort. Computational Tool
INDOOR COMFORT

CBE THERMAL COMFORT TOOL

CENTER FOR THE BUILT ENVIRONMENT >to access the tool: http://comfort.cbe.berkeley.edu/EN

INDOOR COMFORT METHODS
e 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

e 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 O

e Predicted Percentage Dissatisfied (PPD)

It’s based on PMYV and its value ranges goes from 0 to 100. It's Benchmark should be <20%


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

: INDOOR COMFORT :

CENTER FOR THE BUILT ENVIRONME
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INDOOR THERMAL COMFORT USING ADAPTIVE METHOD (ASHRAE 55-2017)
CBE Thermal Comfort Tool ASHRAE-55 EN-15251 Compare Ranges Upload
Select method: perkie o : i erolihikis ASAE Sl 868575 NOTE: Method is applicable only for occupant-controlled naturally conditioned
Operative temperature 80% accephbility limits Operative temperature: 18.4 to 25.4°C EDE'EEE Thﬂl meel Hll m thE fﬂ"ﬂ'l'ﬂng ﬂ.]"l..ﬂrtﬂ. {a.:l jrhEIrE 5 No n"'IEl:.:hanlﬂal ml:ll_lng
224 ‘| ' Use operative temperature | L Status Comfortable system installed. No heating system is in operation; (b) Metabolic rates ranging
s #0% s QR Srnecals: 1A 0 244G from 1.0 to 1.3 met; and (g} Occupants are free 10 adapt their clothing to the
Prevailing mean outdoor L+ Status Comfortable . . s :
temperature indoor and/or outdoor thermal conditions within a range at least as wide as 0.5-
3.8 2] | 1.0 clo.
Aif speed Adaptive chart
0.3 m/s (59 fpm) y: 34 . : AR
G LEED documentation 32 | ' ' |
disz(r:::flon A pSrZiglLf‘Ze ?;(r):: IS; HZ:lp 30
oo 0N
o
2 26 |
% 24|
2 2 |
§ 20
18|
16 =2
14 . I

10 12 14 16 18 20 22 24 26 28 30 32
Prevailing Mean Outdoor Temperature [°C]

NOTE: Method is applicable only for occupant-controlled naturally conditioned
spaces that meet all of the following criteria: (a) There is no mechanical cooling
system instalied. No heating system is in operation; (b) Metabolic rates ranging
from 1.0 to 1.3 met; and (c) Occupants are free 10 adapt their clothing to the
indoor and/or outdoor thermal conditions within a range at least as wide as 0.5-
1.0 clo.
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Adaptive Comfort. Hygrothermic Computational Tool
INDOOR THERMAL COMFORT USING ADAPTIVE METHOD (EN=15251)

CBE Thermal Comfort Tool ASHRAE-55

EN-15251 Compare Ranges Upload

SIRCt i0d: #dapdie method ’ v Compliegith EN-15251 NOTE: Method is applicable only for buildings without mechanical cooling
Air temperature Class lll acceplability limits Operative temperature: 21.4 to 29.5°C systems and where there is easy access to operable windows and occupants
oes Use operative temperature L Status Comfortable i i i 83
26 |: p p st sl i 55 0 may I‘rgelz!.r adapt their glothing to the indoar and/or nutq_:in::r:rr thermal c_:c:ndlur:rn_ﬁ.
Mean radiant temperature L+ Status Comfortable The criteria for the spaces are the following: (a) There is no mechanical cooling
260 |.J® e T e SRR or heating system in operation; (b) Metabolic rates ranging from 1.0 10 1.3 met;
Outdoor running mean temperature (c) Occupants are allowed to freely adapt their clothing insulation.
20 - [TC
Al epesd Adapti\fe char‘t | .
2 _ mis Local air speed control required 36 Sheedeavimsdim ol .
Globe Specify Set SI Local ? 34 - J' -
temp pressure defaults IP discomfort Help 53 Y
30 4:—- ==
g 28 =
8 25
& =
& 24 P . . .
s BT Through this toolis possible to
& I visualize the range of comfort when
18 people are able to adapt their
N clothes, metabolism and... windows
14

10 12 14 16 18 20 22 24 26 28 30
Outdoor Running Mean Temperature [°C] '

T —
NOTE: Method is applicable only for buildings without mechanical cooling

systems and where there is easy access to operable windows and occupants
may freely adapt their clothing to the indoor and/or outdoor thermal conditions.
The criteria for the spaces are the following: (a) There is no mechanical cooling
or heating system in operation; (b) Metabolic rates ranging from 1.0 to 1.3 met;
(c) Occupants are allowed to freely adapt their clothing insulation.
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Adaptive Comfort. Hygrothermic Computational Tool
INDOOR THERMAL COMFORT USING ADAPTIVE METHOD (ASHRAE 55-2017)

0. Set ASHRAE-55. Set EN-15251 for EU context CBE Thermal Gemfort Tool ASHRAES5 | EN-15251 Bl Compare | Ranges | Uplad
1. Set PMV method Select method: PMV= method ¥ v Complies with ASHRAE Standard 55-2013

. . . . Air temperature PMV -0.13
5. Adjust Air & Main radiant temperature (same value) .55 T e PPD 5%
unitll the red dot is on the middle of the graph. S ngfaﬁm g:;‘:g‘
That is the raccomended value for that functional 2‘:" el fgpe'amre |
activity and space x

2. Set Air speed 0.1 i 30

3. Set Humidity 40% * —50 Relative humidity! In thi_s psychrometric chart the
Metabsic il 25 abscissa is the dry-bulb temperature,
1.1 * met Typing: 1.1 a and the mean radiant temperature
4. Set Methabolic rate & Clothing Rate according to the T - % (MRT) is fixed, controlled by the
analyzed activity | B?m-g—@ff*-’ - | [ 3 inputbox. Each point on the chart
' - o has the same MRT, which defines
e Creatll 1% € the comfort zone boundary. In this
g | 2 way you can see how changes in
* Alternatives temperatures values for each functional 10 I MRT affect thermal comfort. You can

values can be checked modifying Humidity (30-55%) : also still use the operative
Gy |~ Soiafcal.. | PRI, it R 5 temperature button, yet each point

will have the same MRT
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NOTE: In this psychrometric chart the abscissa is the dry-bulb temperature, and

...ahd compare results with temperature
values established by national codes Sicbon gl il bl b b e B o ol

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.
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