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Terminology
Space – is either a volume or a site without a partition or a partitioned room or 
group of rooms.
Room – is an enclosed or partitioned space that is usually treated as single load.
Zone – is a space or group of spaces within a building with heating and/or 
cooling requirements sufficiently similar so that comfort conditions can be 
maintained throughout by a single controlling device.
British Thermal Unit (BTU) –is the approximate heat required to raise 1 lb. of 
water by 1 deg Fahrenheit. Air conditioners are rated by the number of British 
Thermal Units (Btu) of heat they can remove per hour. Another common rating 
term for air conditioning size is the "ton," which is 12,000 Btu per hour and 
Watts. 
Ton –

1 ton = 12,000 BTU/hr
1 ton = 3.516 kW



Terminology
Cooling Load temperature Difference (CLTD)–an equivalent temperature 
difference used for calculating the instantaneous external cooling load across a 
wall or roof. 
Sensible Heat Gain –is the energy added to the space by conduction, convection 
and/or radiation.
Latent Heat Gain –is the energy added to the space when moisture is added to 
the space by means of vapor emitted by the occupants, generated by a process 
or through air infiltration from outside or adjacent areas.
Radiant Heat Gain –the rate at which heat is absorbed by the surfaces enclosing 
the space and the objects within the space.
Space Heat Gain –is the rate at which heat enters into and/or is generated 
within the conditioned space during a given time interval.
Space Cooling Load –is the rate at which energy must be removed from a space 
to maintain a constant space air temperature. 
Space Heat Extraction Rate –the rate at which heat is removed from the 
conditioned space and is equal to the space cooling load if the room 
temperature remains constant. 
Dry Bulb Temperature –is the temperature of air indicated by a regular 
thermometer.



Terminology
Wet bulb Temperature –is the temperature measured by a thermometer that has a 
bulb wrapped in wet cloth. The evaporation of water from the thermometer has a 
cooling effect, so the temperature indicated by the wet bulb thermometer is less than 
the temperature indicated by a dry-bulb (normal, unmodified) thermometer. The rate 
of evaporation from the wet-bulb thermometer depends on the humidity of the air. 
Evaporation is slower when the air is already full of water vapor. For this reason, the 
difference in the temperatures indicated by ordinary dry bulb and wet bulb 
thermometers gives a measure of atmospheric humidity.

Dew Point Temperature –is the temperature to which air must be cooled in order to 
reach saturation or at which the condensation of water vapor in a space begins for a 
given state of humidity and pressure.

Relative Humidity - describes how far the air is from saturation. It is a useful term for 
expressing the amount of water vapor when discussing the amount and rate of 
evaporation. One way to approach saturation, a relative humidity of 100%, is to cool 
the air. It is therefore useful to know how much the air needs to be cooled to reach 
saturation.



Terminology

Thermal Transmittance/ Heat Transfer Coefficient (U-Factor)-is the rate of heat 
flow through a unit area of building envelope material or assembly, including its 
boundary films, per unit of temperature difference between the inside and outside 
air. The U-factor is expressed in Btu/ (hr 0R ft2) or in KW/ (m2 K).

Thermal Resistance / Thermal Resistivity (R) –is the reciprocal of a heat transfer 
coefficient and is expressed in (hr 0R ft2)/Btu. 



AIRCONDITIONING 
SYSTEM DESIGN



AIRCONDITIONING SYSTEM DESIGN

• Direct Expansion System
• Package Terminal Air Conditioners (PTAC)/ Window  Type
• Package Roof-top Unit (RTU)
• Split System

• Chilled Water System
• Air-cooled
• Water-cooled

• Evaporative Cooling System

 Variable Air Volume (VAV) System

 Constant Volume System

AIR DISTRIBUTION SYSTEMS



DX (Direct Expansion) AC System

A direct expansion air conditioning (DX) system uses a refrigerant vapor 
expansion/compression (RVEC) cycle to directly cool the supply air to 
an occupied space.

DX systems (both packaged and split) directly cools the air supplied to 
the building because the evaporator is in direct contact with the 
supply air.



DX (Direct Expansion) AC System



Package Rooftop Unit



Chilled Water AC System

A chilled water system also use the basic refrigeration cycle but instead 
cooling the air directly, chilled water system cools water which in turn 
use to cool the air.

The condenser side of the chilled water system can be air-cooled or 
water cooled.



Air-Cooled Chilled Water AC System



Water-Cooled Chilled Water AC System



Air-cooled vs Water-cooled Chiller



Evaporative Cooling System

Evaporative air conditioning uses evaporation to cool the air. In an evaporative 
cooler, a pump circulates water from the reservoir on to a cooling pad, which in 
turn becomes very wet. A fan draws air from outside the unit through the 
moistened pad. As it passes through the pad the air is cooled by evaporation.



Variable Air Volume System
- Type of air distribution system which varies the volume of 

air-conditioned air deliver to the space. The volume is 
based on the temperature sensor in the room.



Types of AC Clients

- Important factor in choosing appropriate HVAC System.

Developer – choose HVAC system mainly by its first Cost (Capital 
Cost)

Owner - prefer HVAC system that is energy efficient, easy to maintain 
and that will last a long time. 



Project Size

- Another indicator of determining right HVAC System. 

DX System – smaller projects (low first cost and low maintenance)

Air-cooled Chilled Water System – 100 to 250 tons of cooling 
capacity; energy savings outweigh the first cost and maintenance cost 
of DX system.

 Water-cooled Chilled Water System – more than 250 tons.



Project Type

- Has significant bearing in HVAC design. 

Office buildings – uses VAV system (varying occupant thermal 
comfort)

Retailer store – uses constant volume distribution system (same 
thermal loading all throughout)



HVAC System Selection Guide



HVAC System Selection Guide





Sizing Air Conditioning System

- Based on heat gain in a building.

Heat Gain depends on the following:
1. Temperature Difference between outside and the 

desired inside temperature – hot vs hotter
2. Type of construction of building envelope (walls, and 

ceilings) – Brick vs Glass
3. Orientation to the sun – East/West vs North/South
4. Room size – Big vs small
5. Infiltration
6. Occupants
7. Room Activities
8. Lighting – LED vs Incandescent
9. Appliances, equipments



Two Groups publish calculation procedures for sizing 
central air conditioners. 

Air Conditioning Contractors of America (ACCA) 

American Society of Heating, Refrigerating, and Air 
Conditioning Engineers (ASHRAE)



Two Groups publish calculation procedures for sizing 
central air conditioners. 

Air Conditioning Contractors of America (ACCA) 

American Society of Heating, Refrigerating, and Air 
Conditioning Engineers (ASHRAE)



Residential Features

1. Occupied 24/7

2. Loads are imposed by heat gain through structural components and 
by air leakage or ventilation. Internal loads, particularly those from 
occupants and lights, are small in comparison to those in commercial or 
industrial structures.

3. Residence is considered 1 zone

4. Small capacity, up to 18kW cooling



Categories of Residences

• Single-Family Detached

• Multifamily buildings



Single-Family Detached

• A house in this category
usually has exposed walls
in four directions, often
more than one story, and
a roof. The cooling system
is a single-zone, unitary
system with a single
thermostat.



Multifamily buildings

• Unlike single-family detached
units, multifamily units by
definition do not have
exposed surfaces facing in all
directions. Rather, each unit
has only one or two exposed
surfaces and possibly a roof.
Two exposed walls will be at
right angles, and both east
and west walls will not be
exposed in a given living unit.



Load Components

(1) through structural components (walls, floors, and ceilings).

(2) through windows; 

(3) caused by infiltration and ventilation; and 

(4) due to occupancy.



Summary of Cooling Loads

Roof

Walls

Doors

Glass Windows

People

Appliances

Infiltration

Ducting (if any; usually 10% of total sensible loads)

Compute total power and flow requirements.



Non-Residential Cooling 
Load Calculation



The cooling load calculation is divided into 3 parts:

1. External load. Includes heat conduction through the roof,
floor, walls, ceiling, partitions and windows and radiation
through glass windows.

2. Internal load. Covers the occupant’s sensible and latent
heat loads, lightings, equipment cooling load requirements.

3. Ventilation Cooling Load

Cooling Load Calculation 
Procedure



Sources of Cooling Load

External load

Internal load

Externally loaded building vs internally Loaded building



Load Components

External Cooling Load
Roofs, walls, and conduction through glass

Solar load through glass

Cooling load from partitions, ceilings, floors

Internal Cooling Load
People

Lights

Equipment

Appliances

Ventilation and Infiltration Air



Cooling Load Calculation Method
CLTD/ SCL/ CLF Method 

CLTD (Cooling Load Temperature Difference)

- Theoretical temperature difference that accounts for the combined 
effects of inside and outside air difference, daily temperature range, solar 
radiation and heat storage in building mass. 

-It is affected by orientation, tilt, month, day, hour, latitude, etc. CLTD 
factors are used for adjustment to conductive heat gains from walls, roof, floor 
and glass. 

CLF (Cooling Load Factor)
- accounts for the fact that all the radiant energy that enters the conditioned 

space at a particular time does not become a part of the cooling load instantly. The CLF 
values for various surfaces have been calculated as functions of solar time and 
orientation and are available in the form of tables in ASHRAE Handbooks. 

- used for adjustment to heat gains from internal loads such   as lights, 
occupants and power appliances

SCL (Solar Cooling Load Factor)
- used for adjustment to transmission heat gains from glass



Cooling Load Calculation Procedure

• 1. Obtain Building Characteristics

• 2. Select outdoor design weather conditions

• 3. Select indoor design temperature to be maintained in space.

• 4. Estimate temperatures in un-conditioned spaces.

• 5. Select and/or compute U-values for walls, roof, windows, doors, partitions, etc.

• 6. Determine area of walls, windows, floors, doors, partitions, etc.

• 7. Compute conduction heat gains for all walls, windows, floors, doors, partitions, skylights, 
etc.



Cooling Load Calculation Procedure

• 8. Compute solar heat gains for all walls, windows, floors, doors, partitions, skylights, etc.

• 9. Infiltration heat gains are generally ignored unless space temperature and humidity 
tolerance are critical.

• 10. Compute ventilation heat gain required.

• 11. Compute internal heat gains from lights, people, and equipment.



DESIGN INFORMATION
The following information were gathered to effectively calculate the space cooling load:

1. Outdoor Design Conditions

• Dry bulb temperature 
• Wet-bulb temperature
• Humidity Ratio
• Mean daily range (DR)



DESIGN INFORMATION

• Reference: 1997 ASHRAE Fundamentals Handbook 
(SI); pp.567 pdf file



2. Indoor Design Conditions 
•Indoor air temperature: 21°C +/-3°C 
•Relative Humidity: 50% +/- 5%
•Humidity Ratio: 7.73 gv/kgda (values taken from 
Psychrometric chart given DB & RH values above)

3. Building Characteristics
•Building Dimensions

• Total Bldg. Area: 1,423.18 m2

•Building Orientation 
•External or Internal Shading
•Materials of Construction 

DESIGN INFORMATION
The following information were gathered to effectively calculate the 

space cooling load:



4. Internal Loads
• Occupants

• 8 persons
• 24 hrs/day, 7 days/week operation
• activity is categorized as light machine work

• Lightings
• 764 LED lights
•17 Watts per light
• 24 hrs/day, 7 days/week operation

•Equipment
• 4 Computers
•100 Watts per computer
• 24 hrs/day, 7 days/week operation

DESIGN INFORMATION
The following information were gathered to effectively calculate the 

space cooling load:



External Load Calculation
Roof and Wall calculation

q = U*A*(CLTDCorr) 

where:

q = heat gain through the roof, Watts

U = design heat transfer coefficient for roof, W/m2-K or W/m2°C

U = 1 / RT (k & R Values are taken from 1997 ASHRAE Fundamentals Handbook (SI); pp.471to 474 pdf file)

RT = thermal resistance, m2-K/ W, m2-°C/ W

RT = 1/hi + x1/k1 + x2/k2 +…+ xn/kn + 1/ho

hi = inside surface conductance, W/m2-K or W/m2°C; Values are taken from 1997 

ASHRAE Fundamentals Handbook (SI); pp.469 pdf file

ho = outside surface conductance, W/m2-K or W/m2°C

x = thickness of the roof material, m



External Load Calculation

CLTDcorr = CLTD + (25.5 – Tr) + (Tm – 29.4)
CLTD = cooling load temperature difference for roofs, K or °C; 

CLTD for Roofs and Roof Numbers taken from 1997 ASHRAE 
Fundamentals Handbook (SI) pp.628 pdf file; CLTD for walls is taken 
from pp. 629 to 631 and Wall types is taken from pp.632 to 634.

Tr = inside design temperature = 21°C

Tm = (maximum outdoor temperature)  – (Daily Range / 2)

Tm = mean Outdoor temperature, °C

Maximum Outdoor temperature = 36°C

Daily Range = 9.8°C

Roof and Wall calculation

tm= DB – DR/2



External Load Calculation
Fenestration

qcond = UA(CLTDcorr)

qrad = A(SC)(SCL)

where:

qcond = heat gain through conduction by the fenestration, Watts

qrad = cooling load caused by solar radiation, Watts

U = design heat transfer coefficient for fenestration, W/m2-K or W/m2°C; values 
taken from 1997 ASHRAE Fundamentals Handbook (SI); pp.659 to 660 pdf file

A = net glass area of fenestration

CLTD = cooling load temperature difference for fenestration, K or °C, values 
taken from 1997 ASHRAE Fundamentals Handbook (SI); pp.635 pdf file

CLTDcorr = corrected cooling load temperature difference for glass, K or °C



SC = Shading coefficient, for combination of fenestration 
and shading device; values taken from 1997 ASHRAE 
Fundamentals Handbook (SI); pp.676 to 677 pdf file

SCL = Solar cooling load; values taken from 1997 ASHRAE 
Fundamentals Handbook (SI); pp.635 (for Zone Type) and 
636 (for SCL) pdf file

External Load Calculation
Fenestration



Internal Load Calculation

Sensible Cooling Load, Qs: qs = N*(SHGp)*(CLFp)

Latent Cooling Load, Ql: ql = N*(LHGp)

Occupants

Lighting

qel = W*Ful*Fsa*(CLF)

Equipment

qs = (Watt Rating)*(CLF)



Internal Load Calculation
Ventilation

qsensible = 1.23 (Q) (to - ti)

qlatent = 3010 (Q) (wo – wi)

Q = ventilation rate requirement taken from ASHRAE Standard 62, L/s

to, ti = outside, insaide air temperature, oC

wo, wi = outside, inside air humidity ratio, kg (water)/kg(dry air)

Qpeople = (Number of people) * (Air Rate/Person), L/s  
Qarea = (Floor Area) *( Air Rate/Floor Area), L/s



COOLING LOAD CALCULATION RESULTS AND 
DISCUSSION

Roof Material Cross Section

Roof Material Thermal Coefficient

Roof

R = x1/k1







Thermal Conductivity

Note: for k of air, see N2 k-value



Thermal Conductivity



Thermal Conductivity



Thermal Conductivity



Parameters for Air



RESULTS AND DISCUSSION

Description Value Unit

Thermal resistance of the Roof material, R 3.7760 m2-K/W

Internal Surface Conductance of Air, hi 9.2600 W/m2K

External Surface Conductance of Air, ho 22.7000 W/m2K

Total Thermal Resistance, RT 3.9280 m2-K/W

Overall Heat Transfer Coefficient, U 0.2546 W/m2K

Roof Thermal Coefficient Summary

RT = 1/hi + x1/k1 + x2/k2 +…+ xn/kn + 1/ho

hi = inside surface conductance, W/m2-K or W/m2°C; Values 

are taken from 1997 ASHRAE Fundamentals Handbook (SI); 

pp.469 pdf file

ho = outside surface conductance, W/m2-K or W/m2°C

x = thickness of the roof material, m



COOLING LOAD CALCULATION RESULTS AND 
DISCUSSION

Roof Material Cross Section

Roof



Roof Numbers



Roof Numbers



CLTD for Roofs

q = U*A*(CLTDCorr) 

CLTDcorr = CLTD + (25.5 – Tr) + (Tm – 29.4)



Roof Cooling Load Requirement Summary

Parameters 0800h 0900h 1000h 1100h 1200h 1300h 1400h 1500h 1600h 1700h 1800h 1900h 2000h

Roof Area, m2 1423 1423 1423 1423 1423 1423 1423 1423 1423 1423 1423 1423 1423

U, W/m2-K 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25

CLTD, °C 1 3 7 12 17 23 28 33 37 38 38 36 33

Corr.CLTD, °C 7.2 9.2 13.2 18.2 23.2 29.2 34.2 39.2 43.2 44.2 44.2 42.2 39.2

Q, kW 2.61 3.33 4.78 6.59 8.41 10.58 12.39 14.20 15.65 16.01 16.01 15.29 14.20



External Cooling Load
(Walls)

At Clark: Tmax= 35degC; Tdr= 9.8K or 9.8degC
tm= 35 – 9.8/2 = 30.1



North Wall
The cooling load calculation in the North wall is divided into 2:

1. Heat load through the composite wall which is exposed to 
the outside environment. 

2. Heat load through fenestration. This covers both conduction 
and radiation heat loads through the glass window. 

RESULTS AND DISCUSSION



North Wall Front View

North Wall Cross Section

North Wall - Composite Wall



Composite Wall Material Thermal Coefficient for North Wall

RESULTS AND DISCUSSION

Material Thickness; mm Thermal Conductivity; 
W/m. K

Thermal Resistance; m². 
K/W

GFRC* 400 1.04 0.385
Air 800 0.25 3.2
Rockwool Fiber Insulation 80 0.04 2

Gypsum Board 25 0.17 0.147
Total Thermal Resistance 5.732

R = x1/k1



Internal surface conductance of air, 
hi = 8.29 m². K/W

External surface conductance of air, 
ho = 22.7 m². K/W

Air Surface Conductance



Total thermal resistance

Using equation 3, we have:

RT = 1/22.7 + 5.732 + 1/8.29

RT = 5.897 m². K/W

Therefore, the Overall heat transfer coefficient (U);

U = 1/ RT                      Equation 2

U = 1/5.897

U = 0.17 W/m².K

RT = 1/hi + x1/k1 + x2/k2 +…+ xn/kn + 1/ho



Table 11 Thermal Properties and Code Numbers of Layers Used in Wall and Roof Descriptions for Tables 12 and 13

Code Number Description R, m2-K/W k, W/mK x, mm Rnew

A1 25 mm Stucco 0.037 0.692 25 0.0361

A2 100 mm Face brick 0.076 1.333 100 0.0750

B7 25 mm Wood 0.207 0.121 25 0.2066

B9 100 mm Wood 0.837 0.121 100 0.8264

B10 50 mm Wood 0.42 0.121 50 0.4132

C1 100 mm Clay tile 0.178 0.571 100 0.1751

C2 100 mm low density concrete block 0.266 0.381 100 0.2625

C3 100 mm high density concrete block 0.125 0.813 100 0.1230

C4 100 mm Common brick 0.14 0.727 100 0.1376

C5 100 mm high density concrete 0.059 1.731 100 0.0578

C6 200 mm Clay tile 0.352 0.571 200 0.3503

C7 200 mm low density concrete block 0.352 0.571 200 0.3503

C8 200 mm high density concrete block 0.196 1.038 200 0.1927

C17 200 mm low density concrete block (filled) 1.467 0.138 150 1.0870

C18 200 mm high density concrete block (filled) 0.345 0.558 200 0.3584

Using table 33C of the ASHRAE Fundamentals 1997 and considering a secondary material 
of stucco and/or plaster which is same as the GFRC with 100 mm of high density concrete 
(C5) of thermal resistance 0.385 m².K/W, the equivalent Wall number is 5.















Corrected Cooling Load Temperature Difference

CLTDcorr = CLTD + (25.5 – tr) + (tm – 29.4)     Equation 4

Where:

tr = inside temperature 

tm = maximum outdoor temperature – (daily range)/2

Thus,

tm = 36 ᵒC – (9.8 ᵒC/2)

tm = 31.1 C

With CLTD at 0800H using Wall no. 5 is 2; 

Thus CLTDcorr = 2 + (25.5 – 21) + (31.1 – 29.4)

CLTDcorr = 8.2 ᵒC

Table 32 July Cooling Load Temperature Differences for Calculating Cooling Load from Sunlit Walls 

40°North Latitude 



Thus the heat load from conduction through the composite wall at 
0800H using equation 1 is equivalent to:

Q = U x A x CLTDcorr

= 0.17 x 526.91 x 8.2

= 732.72 Watts

Cooling Load Summary of the North Composite Wall (0800H to 2000H)

Parameters 0800h 0900h 1000h 1100h 1200h 1300h 1400h 1500h 1600h 1700h 1800h 1900h 2000h
Wall Area, m2 526.91 526.91 526.91 526.91 526.91 526.91 526.91 526.91 526.91 526.91 526.91 526.91 526.91

R (material), m2-K/W 5.73 5.73 5.73 5.73 5.73 5.73 5.73 5.73 5.73 5.73 5.73 5.73 5.73
hi, W/m2K 8.29 8.29 8.29 8.29 8.29 8.29 8.29 8.29 8.29 8.29 8.29 8.29 8.29
ho, W/m2K 22.70 21.00 21.00 21.00 21.00 21.00 21.00 21.00 21.00 21.00 21.00 21.00 21.00
RT, m

2K/W 5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90 5.90
U, W/m2-K 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17

CLTD, °C 2.00 3.00 3.00 4.00 5.00 7.00 8.00 9.00 11.00 12.00 13.00 13.00 13.00
Corr.CLTD, °C 8.20 9.20 9.20 10.20 11.20 13.20 14.20 15.20 17.20 18.20 19.20 19.20 19.20

Q, kW 0.73 0.82 0.82 0.91 1.00 1.18 1.27 1.36 1.54 1.63 1.72 1.72 1.72



Space Cooling Load from Fenestration



North Glass Window

RESULTS AND DISCUSSION

Conduction through the glass window

Q = U x A x CLTDcorr

Where;
Glass material: 6 mm thick tempered tinted double glaze fixed panel
The overall heat transfer coefficient can be taken from table 5 Chapter 
29 of the ASHRAE Fundamentals 1997.
U = 3.56 W/m². K
A = 140 m²













CLTD for the glass can be taken from table 34 of the ASHRAE Fundamentals 
1997

CLTD at 0800H = 0 ᵒC
Thus; 
CLTDcorr = 0 + (25.5 – 21) + (31.1 – 29.4)
CLTDcorr = 6.2 ᵒC

Therefore, using equation 1:
Q = 3.56 x 140 x 6.2
Q = 3,090.08 Watts



North Glass Window
RESULTS AND DISCUSSION

Cooling Load Summary of the North Glass Window (0800H to 2000H)

Parameters 0800h 0900h 1000h 1100h 1200h 1300h 1400h 1500h 1600h 1700h 1800h 1900h 2000h

Area 140.00 140.00 140.00 140.00 140.00 140.00 140.00 140.00 140.00 140.00 140.00 140.00 140.00

CLTD 0.00 1.00 2.00 4.00 5.00 7.00 7.00 8.00 8.00 7.00 7.00 6.00 4.00

CLTDcorr 6.20 7.20 8.20 10.20 11.20 13.20 13.20 14.20 14.20 13.20 13.20 12.20 10.20

U; W/m².K 3.56 3.56 3.56 3.56 3.56 3.56 3.56 3.56 3.56 3.56 3.56 3.56 3.56

Q, W 3090.08 3588.48 4086.88 5083.68 5582.08 6578.88 6578.88 7077.28 7077.28 6578.88 6578.88 6080.48 5083.68



Q = A x SC x SCL – Equation 5

Where:
A = Area of the glass window = 140 m²
SC = Shading coefficient; Chapter 29 Table 11 ASHRAE Fundamentals
SC = SHGC/0.87 
SHGC = Solar Heat Gain Coefficient

*The solar heat gain coefficient for the tinted double glaze glass on this project 
is taken from table 11 of chapter 29 ASHRAE Fundamentals using high 
performance green tinted glass with low emissivity.

North Glass Window
(Fenestration through the glass window)

RESULTS AND DISCUSSION









SHGC = 0.32 
SC = 0.32/0.87 = 0.368

SCL = Solar cooling load factor with no internal shade or with 
shade; 

*Using table 35B, the glass solar can be taken as zone type D
and with this known the solar cooling load can be derived from 
table 36 of the ASHRAE Fundamentals 1997.

North Glass Window
(Fenestration through the glass window)

RESULTS AND DISCUSSION



walls







Table 36 July Solar Cooling Load For Sunlit Glass 40°North Latitude

Thus, with SCL = 66 W/m² at 0800H then

Qf = 140 m² x 0.368 x 66 W/m²
Qf = 3398.62 W



North Glass Window
RESULTS AND DISCUSSION

Summary of Load from the Fenestration through the glass (0800H to 2000H)

Parameters 0800h 0900h 1000h 1100h 1200h 1300h 1400h 1500h 1600h 1700h 1800h 1900h 2000h

Area;m² 140.00 140.00 140.00 140.00 140.00 140.00 140.00 140.00 140.00 140.00 140.00 140.00 140.00

SC 0.368 0.368 0.368 0.368 0.368 0.368 0.368 0.368 0.368 0.368 0.368 0.368 0.368

SCL; W/m² 66 76 85 91 98 101 98 95 88 91 101 54 44

Q; Watts 3398.621 3913.563 4377.011 4685.977 5046.437 5200.92 5046.437 4891.954 4531.494 4685.977 5200.92 2780.69 2265.747

Same process for South, East, and West



Internal Load
(People)

Sensible Cooling Load, Qs Latent Cooling Load, Ql



Occupants

Number of occupants = 8

Internal Loads

Sensible heat gain
Qsensible = N (Sensible Heat Gain) CLF
Qlatent = N (Latent Heat Gain)

Considering Light machine work for all of the above personnel and from table 
3 chapter 28 of the 1997 ASHRAE Fundamentals handbook, the sensible and 
latent heat gain may be derived as:
Sensible Heat Gain = 110 Watts
Latent Heat Gain = 185 Watts

The Cooling Load Factor will be equal to 1 since the factory is in 24 hour non-
stop operation.



People Sensible & Latent Heat Gains



Therefore the sensible and latent heat load will be calculated as follows:

Qsensible = 8 x 110 Watts = 880 Watts

Qlatent = 8 x 185 = 1480 Watts

Summary of Heat Load from the Occupants

Parameters 0800h 0900h 1000h 1100h 1200h 1300h 1400h 1500h 1600h 1700h 1800h 1900h 2000h

No. of Occupants 8 8 8 8 8 8 8 8 8 8 8 8 8

Sensible Heat Gain, W 110 110 110 110 110 110 110 110 110 110 110 110 110

Latent Heat Gean, W 185 185 185 185 185 185 185 185 185 185 185 185 185

CLF 1 1 1 1 1 1 1 1 1 1 1 1 1

Qsensible, W 880 880 880 880 880 880 880 880 880 880 880 880 880

Qlatent, W 1480 1480 1480 1480 1480 1480 1480 1480 1480 1480 1480 1480 1480

Q, W 2360 16225 16225 16225 16225 16225 16225 16225 16225 16225 16225 16225 16225



Internal Load 
(Lighting)

= 1 (commercial application)

= 1.2 (general application)



Lighting Fixtures

*The light fixture n PDC is 764 LED Lights. The Light Use factor, FUL, used is 1 
for commercial application while the Special Allowance factor, FSA, is 1.2 for 
general application.  The plant is in a 24 hour non-stop operation that is 
why we will use a cooling load factor of 1.

Calculation for the loading from the lighting fixtures yields to:

Qel = W x Ful x Fsa x CLF

Where:

W = input from lighting fixture data = 17 watts rating

Wtotal = 17 x 764 = 12,988 Watts

Thus at 0800H:
Qel = 12,988 Watts x 1 x 1.2 x 1 = 15585.6Watts





walls





Parameters 0800h 0900h 1000h 1100h 1200h 1300h 1400h 1500h 1600h 1700h 1800h 1900h 2000h

# of Lights 764 764 764 764 764 764 764 764 764 764 764 764 764

Rating, (W) 17 17 17 17 17 17 17 17 17 17 17 17 17

FUL 1 1 1 1 1 1 1 1 1 1 1 1 1

FSA 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2

CLF 1 1 1 1 1 1 1 1 1 1 1 1 1

Total Heat Load, Q, (kW) 15.586 15.586 15.586 15.586 15.586 15.586 15.586 15.586 15.586 15.586 15.586 15.586 15.586

Summary of Heat Load due to Lights 



Internal Load 
(Appliance/ Equipment)

Qs = (Watt Rating)* (CLF) 









Equipment

The PDC have 4 Computers each with 100 watts operates 24hrs per day, 7 days a week.

Parameters 0800h 0900h 1000h 1100h 1200h 1300h 1400h 1500h 1600h 1700h 1800h 1900h 2000h

Computers Qty 4 4 4 4 4 4 4 4 4 4 4 4 4

Computers Rating, (W) 100 100 100 100 100 100 100 100 100 100 100 100 100

CLF 1 1 1 1 1 1 1 1 1 1 1 1 1

Total Heat Load, Q, (kW) 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

Summary of Heat Load due to Equipment

CLF = 1; For 24 hour continuous plant operation
Q = Pe x CLF  x N    
Where:
Pe = equipment power rating from manufacturer data
N = Number of Computers
Thus, calculating the power load at 0800H:
Q = 100 x 1 x 4
Q = 400 Watts



Ventilation Load

qsensible = 1.23 (Q) (to - ti)
qlatent = 3010 (Q) (wo – wi)

Q = ventilation rate requirement taken from ASHRAE Standard 62, L/s
to, ti = outside, insaide air temperature, oC
wo, wi = outside, inside air humidity ratio, kg (water)/kg(dry air)

Qpeople = (Number of people) * (Air Rate/Person), L/s             
Qarea = (Floor Area) *( Air Rate/Floor Area), L/s



Ventilation Load

Ventilation Load Requirement Summary

Parameters 0800h 0900h 1000h 1100h 1200h 1300h 1400h 1500h 1600h 1700h 1800h 1900h 2000h

# of Occupant 8 8 8 8 8 8 8 8 8 8 8 8 8

Outdoor Air Rate of People, Rp, (L/s-
person)

2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5

Air Requirement per Person, Q(p), 
(L/s)

20 20 20 20 20 20 20 20 20 20 20 20 20

Room Area, m2 1423 1423 1423 1423 1423 1423 1423 1423 1423 1423 1423 1423 1423

Area Outdoor Air Rate , RA, (L/s-m2)
0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9

Air Requirement per Area, Q(p), (L/s)
1281 1281 1281 1281 1281 1281 1281 1281 1281 1281 1281 1281 1281

Max Outside Temperature, To
36 36 36 36 36 36 36 36 36 36 36 36 36

Inside Temperature, Ti 21 21 21 21 21 21 21 21 21 21 21 21 21

Qsensible, kW 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6

Outside Humidity Ratio, Wo, 
(kgV/kgDA)

0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023 0.023

Inside Humidity Ratio, Wi, (kgV/kgDA)
0.00773 0.00773 0.00773 0.00773 0.00773 0.00773 0.00773 0.00773 0.00773 0.00773 0.00773 0.00773 0.00773

Qlatent, kW 58.87 58.87 58.87 58.87 58.87 58.87 58.87 58.87 58.87 58.87 58.87 58.87 58.87

QTOTAL, kW 82.50 82.50 82.50 82.50 82.50 82.50 82.50 82.50 82.50 82.50 82.50 82.50 82.50











Overall Cooling Load Summary

Time 0800h 0900h 1000h 1100h 1200h 1300h 1400h 1500h 1600h 1700h 1800h 1900h 2000h
Roof Walls

Conduction Load thru roof; 
kW 2.61 3.33 4.78 6.59 8.41 10.58 12.39 14.20 15.65 16.01 16.01 15.29 14.20

East Walls
Conduction Load thru 
composite wall; kW 0.78 1.16 1.54 1.85 2.16 2.16 2.16 2.08 2.08 1.93 1.93 1.85 1.70

Conduction Load thru the 
window; kW 1.11 1.29 1.47 1.83 2.01 2.37 2.37 2.55 2.55 2.37 2.37 2.19 1.83
Fenestration Load 7.17 7.25 6.43 4.97 3.80 3.50 3.34 3.10 2.80 2.50 2.17 1.69 1.46

South Wall
Conduction Load thru the 
glass window, W 17.67 20.12 20.12 25.03 32.39 42.21 49.57 56.93 61.84 64.29 64.29 61.84 59.38

North Wall

Conduction Load thru 
composite wall; kW 0.73 0.82 0.82 0.91 1.00 1.18 1.27 1.36 1.54 1.63 1.72 1.72 1.72
Conduction Load thru the 
window; kW 3.09 3.59 4.09 5.08 5.58 6.58 6.58 7.08 7.08 6.58 6.58 6.08 5.08
Fenestration Load 3.40 3.91 4.38 4.69 5.05 5.20 5.05 4.89 4.53 4.69 5.20 2.78 2.27

Floor
Conduction Load thru floor; 
kW

34.6386179
2

34.6386179
2

34.6386179
2

34.6386179
2

34.6386179
2

34.6386179
2

34.6386179
2

34.6386179
2

34.6386179
2

34.6386179
2

34.6386179
2

34.6386179
2

34.6386179
2

Load from Occupants
Sensible Load, kW 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Latent Load, kW 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48

Load from Lights
Lighting Load, kW 15.59 15.59 15.59 15.59 15.59 15.59 15.59 15.59 15.59 15.59 15.59 15.59 15.59

Equipments
Equipment Cooling Load, 
kW 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

Ventilation & Infiltration
Qsensible, kW 23.63 23.63 23.63 23.63 23.63 23.63 23.63 23.63 23.63 23.63 23.63 23.63 23.63

Qlatent, kW 58.87 58.87 58.87 58.87 58.87 58.87 58.87 58.87 58.87 58.87 58.87 58.87 58.87

Total Cooling Load, KW 172.05 176.97 179.13 186.44 195.88 209.26 218.20 227.67 233.55 235.48 235.75 228.92 223.13



AIR CONDITIONING SYSTEM 

• PER AREA METHOD OF AIR CONDITIONING DESIGN 

• ASSUME: ONE (1) TOR FOR EVERY 15 SQ. METERS AREA 
• WHERE ONE (1) TOR = 1 TON OF REFRIGERATION 
• TO CALCULATE THE HP RATING OF AN AIRCONDITIONER:
•1 TOR = 1.2HP
• HP OF AIRCON UNIT  = 1 TOR X 1.2 HP/TOR 



EXAMPLE OF SIZING HP OF AIRCON UNIT: 

• OFFICE ROOM IS 6 MTRS LONG BY 5 METERS WIDE 

• CALCULATE THE TONNAGE AND THE HP RATING OF THE AIRCON UNIT 

• TOR = (6 MTRS  X 5 MTRS) / 15 SQ.MTRS PER TON 

• TOR = 2 TONS 

• TO TAL HP = 2.4 HP 

• SAY USE 1 UNIT OF 2.5 HP WINDOW TYPE ACU 

• OR USE 1 UNIT OF 3-TONNER SPLIT TYPE ACU 



• OFFICE ROOM IS 12 MTRS LONG BY 6 METERS WIDE 

• CALCULATE THE TONNAGE AND THE HP RATING OF THE AIRCON 
UNITS 

• TOR = (12MTRS  X 6 MTRS) / 15 SQ.MTRS PER TON 

• TOR = 4.8 TONS 

• TO TAL HP =5.76 HP 

• SAY USE  2 UNITS OF 3-TONNER SPLIT TYPE ACU



OFFICE ROOM IS 24 MTRS LONG BY 8 METERS WIDE 

• CALCULATE THE TONNAGE AND THE HP RATING OF THE AIRCON 
UNITS 

• TOR = (10.12MTRS  X 6.2 MTRS) / 15 SQ.MTRS PER TON 

• TOR = 4.18 TONS 

• TOTAL HP = 5.02 HP 

• SAY USE 2 UNITS OF 2.5 HP WINDOW TYPE ACU 

• OR USE 2 UNITS OF 3-TONNER SPLIT TYPE ACU


