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...and use
less energy

New Light & Space reflects up to twice* as
much light around a room compared to ordinary
emulsions - and uses less energy doing it.

Next time you're faced with the problem of decorating rooms and hallways with litlle or no natural light, don't be o
gloomy. New Light & Space from Dulux Trade uses a groundbreaking paint technology called Lumitec to create a
finish that opens up a room like never before. Using more reflective paint companents and cleaner tinting recipes it creales the perceplion
of a lighter, brighter and mare spacious interior, and as an added bonus you use less lighting energy - an impartant factor 1o consider when
we are canstantly reminded to put less strain on our valuable resources.

!
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The range is avallable in a unique selection of colours in hardwearing water-based matt finish.

Have you seen the light yet?

For further information visit www.duluxtrade.co.za or call 0860 330 111 U: E!
is always greater than our conventional emulsion paints with similar hue {colour family) and

*The light reflectance value
! in every case, depending on the colour chosen.
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Combine beauty with practicality,
elegance with hygiene,

this is the Geberit system,

where less gives more.

With four decades experience,

you can rely on Geberit concealed
cisterns {o bring you quiet and
efficient flushing technology.

From the water connection at the top,
all the way down to the flush pipe

at the bottom - every part, fitting

and connection has been tried and
tested to ensure quality and
unsurpassed refiability.

Let yourself be swept away by the
innovative, streamlined simplicity
of the Geberit system.

+mﬂjﬁﬂmoﬂo _MMMW
sales.za@geberit.com a

| www.geberit.co.za

It's only a Geberit if it says...Geberit!

i clear benefits of
oeautiful bathroom el
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We all do, it’s just the degree that varies.

Led by professionals with a wealth of experience across industries, we have first hand knowledge
of the challenges companies face. Living Wealth utilises a comprehensive, internationally
successful structure and process to ensure verifiable auditing and entirely measurable results.
This enables companies to minimise the size of their ecological foorprint, while reaping the
multitude of commercial benefits thar maximise profitable outcomes. ®

Living Wealth

balancing people, product, planet & profit

Ask us how

+27 21 421 1376
infof@livingwealth.co.zn

www.livingwealth.co.za
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CHAPTER 18: THERMAL COMFORT

THERMAL COMFORT

Luke Osburn
Researcher
CSIR

INTRODUCTION

Thermal comfort has been defined (ASHRAE 55-2004) as “that condition of mind which expresses
satisfaction with the thermal environment and is assessed by subjective evaluation”. While this
definition may seem vague, it highlights correctly that thermal comfort is a qualitative judgement
and is affected by such things as physical, physiological and psychological influences.

Thermal comfort is influenced by environmental parameters as well as other influences including
asymmetric heating and cooling conditions which will be discussed. Additionally, some aspects of
thermal comfort may be exploited so as to enable a building to operate within a wider range of
temperature limits, saving energy while still satisfying the majority of building cccupants. It is also
noted that thermal comfort varies significantly between individuals and it is generally not possible to
provide a thermal environment in which all occupants will be comfortable.

PREDICTED MEAN VOTE

The predicted mean vote (PMV) is a commonly used index to represent and to predict thermal
comfort. The predicted mean vote index is based on qualitative testing, where a large sample of
humans was subjected to different thermal environments and their thermal comfort was recorded.
It is also based on fundamental heat transfer mechanisms. Ultimately a mathematical expression has
been developed that can be used in order to predict the PMV,

PMV uses a seven point thermal sensation scale as shown below:

Description
3 Hot

2 Warm
1 Slightly Warm
0 Neutral

-1 Slightly caol
-2 Cool

-3 Cold
Table 18.1; Seven point thermal sensation scale (ASHRAE Handbook, Fundamentals, 2005)
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CHAPTER 18: THERMAL COMFORT

The mathematical expression of PMV includes such variables as air temperature, mean radiant
temperature, metabolic rate, clothing insulaticn, air speed and humidity.
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Figure 18.1: Acceptable range of operative temperature and humidity (ASHRAE Standard 55-2004)

Thermal comfort, aspecially within the built environment, is dominated by air temperature, humidity

and clothing insulation, and therefore the comfort Space can be expressed in the graph above as
a function of thase variables, Unfortunately, due to the variability among humans, not all will be
comfortable within any specific thermal environment.

PREDICTED PERCENTAGE OF DISSATISFIED
Predicted Percentage of Dissatisfied (PPD} is a metric to express what percentage of people are

going to be uncomfortable within 3 particular environment and is related to the PMV as shown in the
graph below,

D =100 - 85 + exp ( - 0.03353 » PMV"'- 0.2179 PMV?)
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Figure 18.2: Predicted percentage dissatisfied (PPD) as a function of predicted mean vote (PMV) (ASHRAE Standard 55-2004)
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TURBO VENT AFRICA (PTY) LTD

TurboVentAfricaproudly distributes Breezairevaporative TURBO VENT
air coolers and Whirlybird turbine ventilators. For 15 years

Turbo Vent Africa has delivered energy efficient means

of cooling, heating and ventilating thousands of South African buildings. These
premium products offer a range of natural solutions to temperature control that
are economical and energy efficient.

Breezair Evaporative Cooling
Evaporative cooling saves up to 80% of
your energy costs when compared to
refrigerative  air conditioners. Breezair
Evaporative Coclers are manufactured in
Australia by Seeley International, the world
leaders in evaporative cooling technalogy.
The products have won numerous
awards for innovation and technical
advancement.The products have a variety
of applications including homes, schools,
offices, churches, industrial buildings, etc,.
Evaporative coolers offer further health and lifestyle benefits associated with 100% fresh air
and gentle humidification.

Whirlybird Turbine Ventilators

For over 20 years Turbo Vent has offered the ultimate in
energy free ventilation using Whirlybird turbines. Our
extensive range offers the most economic ventilation
systems in the world. Turbines use convection and wind
to operate without consuming electricity. Qur turbine
ventilators offer solutiens to both homes and industry.

The Climate Wizard - A breakthrough in cold front cooling
The Climate Wizard represents the most technologically
advanced solution to air cooling. Delivering colder and less
humid air than evaporative cooling this is the ultimate solution I
to delivering cold fresh air into air conditioned buildings.

e

to five times more energy efficient at delivering fresh cold air.
The Climate Wizard can be used as a standalone solution or

dehumidified fresh air.

Contact details

Office +27 11 613 6921 or 0860 944 759 or 0860 Whirly Fax +27 11 6131247
www.turbovent.co.za

412 Heidelburg Road Tulisa Park , Johannesburg.
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Ideally, a PMV ranging between -0.5 and 0.5 is recommended; however, a range between -1 and 1 can
still be thought of as being good.

METABOLIC ACTIVITY

Metabolic activity refers to the amount of heat that a person generates while performing a particular
activity. While accurate data regarding the particular activities that will be performed within spaces
are often not available during the building design process, giving closer attention to such details

when itis available, or when it can be accurately assumed, can yield a greater accuracy in the heating
and cooling load calculations of a building.

Sleeping

Seated, quiet 60
Standing, relaxed 70
Reading, seated 55
Writing 60
Typing 65
Filing, seated 70
Filing, standing 80
Walking about 100
Lifting/packing 120
Tennis, singles 210-270
Wrestling, competitive 410-505

Table 18.2: Typical metabalic heat generation for various activities (ASHRAE Handbook, Fundamentals, 2005)

Tpectiiuran

]

[Sinsifaeaream

Average male European 1.8

Average female European 1.6

Table 183: Average human surface areas (ASHRAE Handboak, Fundamentals, 2005)

Often, the activities of individuals within particular spaces vary. Under these conditions it is generally

satisfactory to use a weighted average, provided that activities alternate frequently, several times
an hour,
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CLOTHING

The level of clothing that the building occupants are wearing will have a large influence at which
temperatures they will be comfortable. Additionally, assumptions regarding clothing levels need
te be made in order to perform calculations on expected thermal comfort of building accupants.
What can be expected from the clothing that building occupants will be wearing depends largely
on the corparate culture of the company that occupies the building and on its dress code. While it
would be convenient to assume or insist that building occupants dress warmly during cold weather
to reduce the amount of active heating, it would be prudent to ensure that such a policy fits well
and would be readily accepted by the company and the individuals who are expected to workin such
an environment.

An office building’s primary function is to provide a safe and comfortable working environment
and comprising this for energy savings would be ill advised. Production losses from uncomfortable
employees could greatly exceed any financial gains that could be derived form reducing the active
heating load of the building.

ASYMMETRIC THERMAL RADIATION
Within thermally neutral environments, asymmetry in the surface temperatures of the surrounding
surfaces has the potential to cause significant discomfort. The surfaces exchange heat with people in
the space through radiative heat transfer. The amount of heat radiated is related to the difference in
temperature between the person and the surfaces. The asymmetry in the rate of heat exchange over
the surface area of the people within the space causes discomfort.

Common causes of asymmetric thermal radiation could include cold windows, uninsulated walls,
cold producis and improperly sized heating panels.

People are generally more sensitive to asymmetric thermal radiation caused by an overhead warm
surface and a vertical cold surface than an overhead cool surface and a warm vertical surface, which

causes much less discomfort for the same asymmetry.
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DRAFT

Draft can cause significant discomfort, not only in buildings but also within cars, trains and aircraft. The

perceived discomfort from draft is primarily dependant on the velocity of the draft; however, the air
temperature of the draft is also significant,

Drafts also have the potential to allow people to feel thermally comfortable at higher temperatures
depending on the velocity of the draft. Introducing a draft into a building could then allow the |

designer to define a slightly higher aperational temperature and thus save energy on active cooling

Such a strategy should be implemented only if building users have direct control on the velocity
of the drafts due to the potential of drafts to cause discomfort and because of the high variability
between individuals in how they perceive the discomfort from drafts,
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Figure 18.4: Air speed required 10 offset increased temperature (

e e ASHRAE Standard 55-2004, Thermal Environmental Conditions for

While not directly relating to comfort, the combinations of air speed and temperature defined by |
the lines in the figure above result in the same heat loss from the skin. The value presented on the

temperature curves is the difference in radiant and air temperatures. The temperature rise is the _

amount by which the temperature will need to be increased in order to maintain the same rate of W
heat transfer,

Thus, if drafts exist within the space, then the occupants can be expected to be comfortable at a _

slightly higher temperature. Increasing air speed for cool

ing is more effective in environments that
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Figure 18.3: Local thermal discomfort caused by radiant asymmetry. (ASHRAE Standard 55-2004, Thermal Environmental
Conditions for Human Occupancy)
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have high radiant temperatures and low air temperatures. _

VERTICAL AIR TEMPERATURE DIFFERENCE :

Significant discomfort can also be caused due to vertical air temperature gradients over the length

of a human despite the human being thermally neutral, Generally, the air temperature at head level
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PETER GROVES
AIRCONDITIONING SALES
SA (PTY) LTD

Peter Groves and Associates CC was formed in January 1991 to offer a supply
service to Contractors and associated services to the Airconditioning Industry.
By 1995 the company had grown and became Peter Groves Airconditioning
Sales SA (pty) Ltd, and started establishing agencies with various well known

brands such as Electra and York.

Peter Groves

ing Sales (SA) (Pty) Ltd.

After a short period we were appointed as agents in Zimbabwe for the above and began to

further develop markets into Southern Africa. Today Feter Groves Airconditicning Sales market

and sell the following products with a staff compliment of 18 people in Johannesburg and

selling agencies in Durban, Cape Town, Gaborone and Mauritius.

We Offer the following:

- Clivet Chillers and packaged equipment (sole agent)

- Sinko Fan Coils

- Sabiana fan coil preducts

+ LG Airconditioning preducts including Multi V systems

. EDC Condensate pumps and low ambient controls
(sole agent)

- Airconditioning unit Installation accessories from Europe

Products:

LG Digital Appliance

LG provides a wide range of tailored commercial air cenditioning
products suited to buildings in a variety of types and sizes.
Clivet

Clivet proposes technically advanced systems, able to meet the
modern comfort needs for the most exacting applications.
Sabiana

Sabiana designs, builds and sells heating and air-conditioning
products for all working and recreational environments.

EDC

EDC have been at the forefront of electronics development in
the refrigeration and air conditioning industries for many years.
Sinko

Air-conditioning equipment is indispensable for office buildings,
factories, amusement facilities.

Despite the growth that we have experienced in the past 17
years we still are able to maintain a level of personal service
un-equaled in the industry.

UNCOMPROMISED ATTENTION - UN-EQUALED SERVICE

enquiries@pgaircon.co.za

WWW.pgaircon.co.za

Private Bag X230, Halfway House, 1685, South Africa
tel: 011 3181735 fax:011 3181520
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will be higher than that at the ankle level; however, it was alsc found that humans will accept a

larger difference in vertical air temperature provided that their head is cooler (Eriksson, 1975). This is

consistent with asymmetric thermal radiation with humans being more comfortable with overhead
cooling than with overhead heating.
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AIR TEMPERATURE DIFFERENGCE BETWEEN HEAD AND FEET

Figure 18.5: Air temperature difference between head and feet

Human Occupancy) (ASHRAE Standard 55-2004, Thermal Environmental Conditions for

HOT AND COLD FLOORS

mc:a_:@ users have their feet in direct contact with the floor; consequently the fioor temperature has
a disproportionate effect on human comfort as well as also affecting the mean radiant temperature
of the room. The floor temperature is particularly important where people can be expected to be
barefoot or where children can be expected to play on the floor. If a floor is tao cold despite the
occupants being thermally neutral, a commen reaction is to increase the air ﬁmemaﬁ.Em through
active heating. Such behaviour obviously wastes energy, )

The graph below describes the percentage of dissatisfied individuals in correlation with the

floor temperature. The graph was developed for people wearing lightweight shoes

conservative for those wearing heavy shoes and should not be used where
to be barefoort,

and would be
people can be expected
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The Green Solution to Individual Comfort Control % B % M

gy 86 95 104 °F

80
Rickard Air Diffusion {Pty) Ltd was established 60
; o 40
in Cape Town, South Africa in 1979, Today o / P
it is Internationally the leading producer of :-ng-ﬂu & o0 \\
Variable Geometry VAV diffuser equipment v 1E 1 L 1GENT COMFORT CONTROL W - A
and BMS compatible controls, Rickard is W g N 4
focused on supplying VAV Diffusers and Controls that allows for Green Intelligent Comfort e .ﬂ
Control Solutions in the HVAC Industry. The company is privately owned, managed and
directed by its shareholders. 2 _%na, DISCOMFORT CAUSED BY -

Since 1985 Rickard has actively promoted its products in many countries around the world 5 e BpEORL EELORS

resulting in the installation of its VAV equipment in such prestigious buildings as the Rolls 5 46 48 25 5 mm @5 @n g
Royce offices-Birmingham England, New York Times-New York City, George Washington FLOOR TEMPERATURE
University-Washington DC, Ramat Gan Towers-Tel Aviv lsrael, Telekom-Cyberjaya Malaysia, Figure 18.£: Local discomfort caused by warm and cool floors (ASHRAE Standard 55-2004, Thermal Environmental Conditions for
Delgitte & Touche-New York City, Clinica Girassol-Luanda Angola, Old Mutual Headquarters- Human Occupancy) i

Cape Town South Africa, Yellow Pages House-Sydney Australia, Movie City-Hong Kong China, _
Port Ghaleb Resort-El Qusier City Egypt & Madinat Jumeirah Resort Dubai to name but a few. NATURALLY VENTILATED SPACES m
While the conditions that will produce thermal comfort can generally be well-defined, feld
Green building benefits experiments have shown that the thermal responses of occupants within naturally ventilated
Management Credits . . buildings depend, in part, on the outdoor climate and may differ from thermal responses in buildings
Indoor Environmental Quality Credits with centralised HVAC systems, primarily because of the different thermal experiences, changes in _

Energy Efficiency Credits clathing, availability of control and shifts in occupant expectations,
Hutusorliing capability The graph below demonstrates occupant acceptance for naturally ventilated buildings and it
L T assumes that occupants will change their behaviour to outdoor environmental conditions such as
LON adjusting their clothing.
BacNet

32 85 F
Maintain Excellent Room Comfort Conditions 30 stnF

Diffusers with excellent ADPI values
Diffusers ensure Air Change Effectiveness even at minimum flow
Diffusers have good throw at low flow settings

28 BL4F

26 780 F

24 T52F

Control Capabilities 22
Energy saving decisions for the complete system based on actual space temperature and air
volume supply information from every room.

Setpoint control in every room with over ride from BMS

Peak building energy demand control by cycling heaters at every diffuser.

TI6F

20
63.0F

18

indoar operative temperature { °C )

644 F

GOBF

5 10 15 20 25 a0 35
mean monthly outdoor air temperature {°C)

E-mail us at: info@rickardair.com - Web site: wwwi rickardair.com

Head office; Cape Town, South Africa
Phone: +27 21 7041533 - Fax: 427 21 7041004 Figure 18.7: Acceptable operative temperature ranges for naturally conditioned spaces (ASHRAE Standard 55-2004, Thermal
Environmental Conditions for Human Occupancy) . |
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Ecozone - the home of heating and cooling

We pride ourselves in delivering quality products mohis.mNO 3 m

and exceptional services at affordable prices. Power to Save

We mainly focus on environmentally friendly
products, as well as other products which will create comfort and promote a

healthy lifestyle in your home.

Solar energy is a renewable resource that is available almost everywhere on earth. 5olar hot
water heaters use the sun to heat water. A typical solar domestic use the sun to heat the water.

A typical solar domestic hot water system can provide twao thirds of a family’s hot water needs.
With water heating accounting for about 60 - 70 % of an electricity bill substantial savings can
be made by installing a solar hot water heating system with the added advantage of significant

environmental benefits

PRODUCTS

Under Floor Heating

Underfloor heating and cooling is a form of central heating and
cooling which uses heat conduction and radiant heat or cold for
indoor climate control, rather than forced air heating which relies on
convection. Heat can be provided by circulating heated water or by
electric cable, mesh, or film heaters.

Solar Products

Solar power is the result of converting sunlight into electricity.
Sunlightcanbeconverteddirectly into electricity using photovoltaics
(PV), or indirectly with concentrating solar power (C5P), which
normally focuses the sun's energy to boil water which is then used
to provide power

Air Conditioning

An air conditioner (often referred to as AC or air con.) is an appliance,
system, or mechanism designed to stabilize the air temperature
and humidity within an area (used for cooling as well as heating
depending on the air properties at a given time), typically using
a refrigeration cycle but sometimes using evaporation, maost
commenly for comfort cooling in buildings

Electronic Candle Range

A truly innovative LED REAL CANDLE range which incorporates the
very latest digital and wireless technologies. A remote controlled
range of electronic candles with long life, rechargeable batteries
that make conventiona! candles a thing of the past. No more smell
or messy wax and a candle that even flickers just like the real thing.

Visit www.ecozone.za.net to view our full product range and current promoticnal offers.
Contact Us: Showroom 192 Durban Rd, Belville, 7560, South Africa
Tel: 427-(0)21-949 5151, Fax: +27-(0)21-949 517
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AGE

Interestingly, the thermal environments preferred by young and old people do not differ while

erformi iviti i i
U_ ing the same activities. While metabolism decreases slightly with age, this is compensated by
alowe i i _
revaporative heat loss. However, the ambient temperatures within the homes of old people are

often hi isi
en higher than those of younger people, this is explained by lower activity levels of elderly people
who are normally sedentary for a greater part of the day.

SEX

:.._ developing the ASHRAE thermal sensation scale that is a basis of the PMV index, studies h

discovered that there were variations between the sexes in how thermal comfortis nmﬂﬂ“_m_(‘ma_ﬂo:,._ém
1973; Rohles et al, 1971). The results suggest that women are more sensitive to temperature ch .
and less sensitive to humidity changes in reference to their thermal comfort., i

SEASONAL AND CIRCADIAN RHYTHMS

Studies h i i
ave also shown that there is no difference between comfort conditions between summer

and wi
inter (McNall et al, 1968). However, comfort conditions do vary over a daily cycle because the

internal b i i
ody temperature has a daily rhythm, with a maximum late in the afternoon and a minimum

early in the morning, although such variations are small and not significant (Fanger et al, 1973)
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