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Technical Development Programs (TDP) are modules of technical training on HV AC theory, 
system design, equipment selection and application topics. They are targeted at engineers and 
designers who wish to develop their knowledge in this field to effectively design, specify, sell or 
apply HV AC equipment in commercial applications. 

Although TDP topics have been developed as stand-alone modules, there are logical group
ings of topics. The modules within each group begin at an introductory level and progress to 
advanced levels. The breadth of this offering allows for customization into a complete HV AC 
curriculum - from a complete HVAC design course at an introductory-level or to an advanced
level design course. Advanced-level modules assume prerequisite knowledge and do not review 
basic concepts. 
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An overview of commercial load estimating provides individuals with an understanding of what a load 
estimate is and how it is used. Heat transfer methods and theory are used to explain building load compo
nents that provide the foundation for all load estimates. Solar radiant energy is presented, along with other 
climatic conditions, to explain external site-related conditions that affect building heat gains and losses. 
Internal and HV AC system loads complete the overview discussion. Load Estimating, Level 1: Overview 
is the first in a four-part series on load estimating. It is followed by Fundamentals, and Block & Zone 
Loads that present the details of the various load components that make up a load estimate, and the steps 
that make up the process of computing a load estimate. The last part in the series, System-Based Design 
takes the fmal step of using load estimating as a design tool by modeling HV AC systems for determination 
of coil loads, fan sizing and zone airflows for selecting terminals and room air distribution devices. The 
psychrometric chart is used in later levels to plot conditions and processes associated with HV AC systems 
and loads. 
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LOAD ESTIMATING, LEVEL 1: OVERVIEW 

Introduction 

This Technical Development Program (TDP) presents an overview of the uses and character
istics of cooling and heating load estimates, along with the basic types and methods of load 
estimating used in HV AC system design. The fundamentals of heat transfer methods and theory 
are explained as foundational material upon which all load estimating is based. 

Basic sensible heat transfer by conduction through building materials and solar radiant en
ergy make up the bulk of external loads on a building. Even though computer software load 
estimating programs perform multitudes of calculations quickly and accurately, the designer 
needs to have an understanding of the equations and methodologies involved. This TDP shows 
the designer how to perform a manual U-factor calculation by using material property references 
and simple mathematics. 

The last part of this TDP introduces the concept of load components. Within the three major 
categories of external space loads, internal space loads, and system loads are individual load 
components that permit a load estimate to be prepared piece by piece. This applies to both manual 
and software-based load estimating methods. 

A load components term list is provided in Appendix A to define the load components used 
in this TDP. 

Importance of Load Estimating 

To get the process of designing, installing, and operating a heating, ventilating and air condi
tioning (HV AC) system off to a good start, an accurate load estimate is needed. The load estimate 
results provide the data for subsequent calculations, equipment selection, and design decisions. 
An accurate load estimate will provide the correct cooling and heating requirements, offer options 
for load reductions at the lowest incremental cost, provide properly sized equipment, and yield 
efficient air, water, and electrical distribution designs. If conservative safety factors are applied 
and the next larger-sized equipment is selected, then system operating efficiency will suffer and 
there will be a potential for inadequate humidity control under part load conditions. 

Commercial Load Estimating 
-------------------------------Turn to the ExpertS. 
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LOAD ESTIMATING, LEVEL 1: OVERVIEW 

Load Estimating Basics 

Load estimates are needed throughout the HVAC system design process. Typical designs for 
commercial buildings, such as shown in Figure 1, are developed over time, so building data is 
often sketchy at first and becomes more detailed as the project progresses. Before proceeding 
with any load estimate calculations, 
the building air-conditioned volume 
must first be defined. That volume, or 
envelope, could be a space (or room), 
a floor, or the entire building. Having 
defined the envelope, the following 
information will be needed to deter
mine the load estimate: 

• External dimensions 

• Glass area 

• Net wall area 
• Net ceiling and floor areas 

• Transmission coefficients 
(U-factors) 

• Structural weights and colors 

• Occupancy 

• Internal loads 

Figure 1 

Typical Commercial Building 

Because information becomes more detailed over the life of a project, various estimating 
methods are available to suit the designer's changing needs. 

Load Estimate Uses 

Figure 2 shows the HV AC system 
design phases that are applied to most 
commercial projects. Load estimating 
occurs in most of the early phases to 
meet the following uses: 

• Rough sizing - In the early stages 
the designer is only looking for 
overall cooling and heating needs 
to find the approximate the size 
of the system components. This 
may be for purposes of reserving 
sufficient space when the build
ing requirements are first laid out, 
or might be geared to initial 
budgetary estimates to see if suf
ficient funds exist to achieve all 
the project goals. 
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LOAD ESTIMATING, LEVEL 1: OVERVIEW 

• System selection - Since not all systems are available to cover the full range of loads found in 
commercial buildings, the designer usually refines the load estimates during the schematics 
phase. If the rough loads were done manually, then switching to a computer-based program that 
has basic system modeling capabilities is advisable. There is usually sufficient building data de
tail to permit a fair degree of accuracy in the estimates. 

• Equipment selection - Once most of the building details have been settled, fmal equipment se
lections can be made using the load estimate outputs from the final loads. These final load 
estimates need to be done accurately, requiring detailed building data from the available archi
tectural drawings, along with accurate evaluation of all internal and system loads. This level of 
detail in load estimating is time-consuming on larger projects, but, if done correctly, the design, 
construction, and operation of the building HV AC system will go more smoothly and have a 
greater probability of success. 

• Energy usage - Depending on the project requirements, estimates of the energy usage by the 
HV AC and other building systems is a key last step in load estimating. While this is not a direct 
load estimate output, the viability of the energy usage/cost of energy outputs from the energy es
timating software requires valid cooling and heating load estimates as inputs. This applies to 
either the manual modified bin method that works well for small manual estimates, or the more 
detailed computer software methods. 

Load Estimate Types 

All load estimates, regardless of type, are made up of various load components. These can be 
grouped by type (external, internal, and system), or by source (transmission, infiltration, solar, 
outdoor air, equipment, etc.). See Figure 3 and Appendix A. Regardless, every type of load esti
mate takes these various load components and adds them together into a total Btuh made up of 
sensible and latent 
heat transfer. Where 
the load components 
are gathered from 
and how they are 
applied determines 

RAFH 

the type of load Outdoor Air 

estimate. 

Figure 3 

Load Estimating Components 

*+M Commercial Load Estimating 
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LOAD ESTIMATING, LEVEL 1: OVERVIEW 

Zone Load Estimates 

A space is defined as the smallest 
individual area of air-conditioning Corner zone 

~ Exposure zone 

usage in a building. A zone is a group 
of one or more spaces having a single 
thermostatic control. See Figure 4. A 
zone load provides the information 
needed to select such items as con
stant volume (CV) and variable air 
volume (VA V) terminals, terminal 
heating coils, and room air diffusers. Figure 4 

Load Estimate for Zones 

A zoned floor plan is shown in 
Figure 5. Since zone and block peak 
loads may occur at different times of 
the day and at different months, both 
zone and block load estimates are 
usually run. 

Block Load Estimates 

Figure 5 

Zone Floor Plan 

Interior - NW 
• (j) • 

(i)· 
Interior- SW 

Interior- NE 
• (i) • 

• (i) • 
Interior- SE 

A common block load is calcu
lated for multiple zones that are 

A system is a group of one or more zones 
fed from a single heating/cooling apparatus 

supplied by a single piece of HV AC 
equipment as shown in Figure 6. This 
is often referred to as a coil or system 
load. Block loads are normally run for 
equipment sizing. The purpose of a 
block load is to determine the air 
quantity for sizing the fans and the 
cooling and heating capacities for 

Outdoor -
Return 

Air 

selecting the coils, the heat exchang- Figure 6 
ers, and the mechanical cooling 
equipment. Since most zones do not Load Estimates for Systems 

peak at the same time and month, the block load should be smaller than the sum of the zone peak 
loads. This difference is called the load diversity factor, and is expressed as a percentage. The 
diversity factor is calculated by dividing the block load air quantity, or airflow, by the sum of the 
peak zone load airflows. 

D
. . F Block Load Airflow 1vers1ty actor=----------

Peak Zone Load Airflows .,. 
Commercial Load Estimating 
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LOAD ESTIMATING, LEVEL 1: OVERVIEW 

A total building, project, or campus 
block load is useful for sizing central 
cooling and heating equipment such 
as chillers and boilers. This is referred 
to as the plant load. See Figure 7. 

Load Estimate Outputs 

Cooling Towers 

Condenser 
Water Pumps 

Figure 7 

Load Estimates for Plants 

Water-Cooled 
Chillers 

Air Handling Units 

Each type of ,load estimate has characteristic outputs that can be applied for different uses. 
This is true whether the estimating method is manual or computer software-based. A computer is 
used for sophisticated building energy modeling because load estimates are run for each hour in a 
year (8,760 estimates) to achieve the desired accuracy level. 

Rough Capacities 

Typical cooling outputs are given in Btuh or tons, where one ton equals 12,000 Btuh (British 
thermal unit per hour). Heating load estimates are also expressed in Btuh or MBtuh, where one 
MBtuh equals 1,000 Btuh. Airside equipment, like fans, air-handling units, terminals, and room 
air distribution devices (registers, grilles, and diffusers) have their load outputs expressed as cfm, 
or cubic feet per minute. Rough loads are normally run for only the largest fans and air-handling 
units. 

Specific Conditions for Individual Load Components 

The opposite of a rough load estimate is a detailed analysis of an individual load component, 
usually for a specific condition. An example of this would be reviewing a number of different 
glazing materials for windows that have a large solar radiation load component. Using a more 
detailed load estimating software program, the detailed material properties of the glass and coat
ings could be entered into the building model to see the impact of each choice on the overall 
cooling load outputs. This type of load estimating analysis is common when life cycle costing is 
done to see if the additional initial expenditure is adequately offset by future savings in energy 
usage, maintenance expenditures, or extended life expectancy. 

Commercial Load Estimating 
--------------------------------Turn to the Experts. 
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LOAD ESTIMATING, LEVEL 1: OVERVIEW 

Estimates for Equipment Selection 

Spaces, or rooms, as shown in Figure 4, are the 
smallest individual areas within the building. The outputs 
desired here are the peak supply air cfm for selecting the 
room air distribution devices, and gpm (gallons per min
ute) of heating hot water to offset the room heat loss if a 
hydronic system is being designed. 

Zones are an assemblage of spaces that are controlled 
by a common thermostat or temperature sensor. The out
puts required for a zone are the same as with spaces, but 
in this case, they are used to select the zone air terminal 
that interfaces with the zone thermostat. 

Systems normally include the refrigeration equipment, the air-handling unit that feeds the air 
down the ductwork, the air terminals, and the room air distribution devices. Load estimating out
puts for systems are larger because there is greater area covered. System loads have the same cfm 
and gpm units for both cooling and heating outputs. 

Plants are no different from systems when individual self-contained rooftop units are used. 
When central heating and cooling equipment is used to supply cold and hot water to multiple sys
tem coils, then plant load estimates are needed to select the chillers and boilers. Airflow and 
waterflow values, along with the Btuh/MBtuh requirements, are all needed to select boilers and 
chillers, or to size building valves on a central campus or city-wide distribution system. 

Load Estimating Methods 

Over time, load estimating has become more sophisticated. Early methods, like Instantaneous 
and Storage Load Factors, use hand calculations that are quick and easy, especially when simpli
fying assumptions and using look-up tables for ease of calculation. Current methods, which track 
heat transfer within a building, use 
computer software to execute the mil-
lions of calculations required to 1. Instantaneous, q = U *A* ~t f 
complete a load estimate. As shown in 2. Storage Load Factor/ETD, 

Figure 8, the many types of load esti- Carrier E20 

mating and calculation procedures 3. CLTD/CLF, Cooling Load 
..-. +: t d · t d Temperature Differential/ range 1rom 1as an easy mputs o e- cooling Load Factor, ASHRAE 

tailed descriptions for advanced 
computational procedures and meth- 4. Radiant Time Series, ASHRAE 

Complexity 

ods. You might want to think of these 5. Transfer Function, ASHRAE 

like golf clubs or fishing rods. You 6. Heat Balance, ASHRAE 

may need to have more than one type 
on hand depending on what you need Figure 8 
to do. Load Estimating Methods - Accuracy vs. Complexity 

Commercial Load Estimating 
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LOAD ESTIMATING, LEVEL 1: OVERVIEW 

HV AC Design Check Figures 

There are tables of check figures , often referred to as rules of thumb, available from various 
industry sources. One such compilation, shown in Figure 9, is Carrier's HVAC Design Check 
Figures, available in TDP-70 1, System Selection. The Cooling and Heating check figures allow 
for approximation of the total cooling and heating needs (building gross area * cooling and heat
ing felton), the electrical space load components (building gross area * Lights/Equipment 
Watts/ft2

) , and the outdoor air Ventilation requirements (building gross area-:- people re/person * 
ventilation cf!n/person). The Zone Primary Air columns allow early approximation of the zone 
primary supply air needs for 
terminal selection and ductwork 
space evaluation (zone or sys
tem gross area* cfm/ re). 

Figure 9 

H VAC Design Check Figures 

Manual vs. Software Generated 

The manual method can use a tabular form like the Carrier E-20A Air Conditioning Load Es
timate form as shown in Figure 10, or a computer spreadsheet that uses Excel or Lotus software. 
When using a 
tabular form, a 
pencil and a cal
culator are used 
to run a block 
load for a simple 
building or to 
study unusual 
space or zone re
quirements. When 
using a computer 
spreadsheet, the 
input is still man
ual, but the 
software performs 
the many calcula
tions. 

Air Conditioning Load Estimate 
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Load Estimate Form 
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LOAD ESTIMATING, LEVEL 1: OVERVIEW 

Software-generated load es
timates run the gamut from 
simple load estimating to full 
computer simulation derived 
from detailed inputs that include 
full system and component de
scriptions. Load estimating 
software programs like Carrier's 
Block Load and Hourly Analy
sis Program (HAP) provide 
detailed outputs as shown in 
Figure 11, and make it easy for 
the designer to make input 
changes and rerun the load esti
mates. 

I: Air System Design Load Summary for Top Floor 
P~Ji.'tt Name Ct.n:ago Off1ce Bl;jg: (TOP·101) 
P1t? sred bv 

09Al9/200~ 1 
OB 40AJ.I 

DESIGN COOLING DESIGN HEATING 
COOLING DATA AT Jut 1500 HEATJHG DATA AT DES HTG 
COOLINGOADU / WB 91.D *F / 74.0 • f HEATJHGOADB / WB ..s.o •FJJ:Z. •F 

Sensible Latent Sensible Laten 

ZONE LOADS Details (BTU/hr) (Bll!lh!) Detalts (8l1!1h~ (Jill!lh! 

indow & Skytight Sol¥ Loads 220011' 6944d 220011' 
Waft Transmission 4400ft' 12367 4400ft: 60557 
Roof Transmission 14814~ 31 416 14814 e: 101100 
WJI\dtM lJansmtssion 220011' 14972 2200 n• 91 111 

Skylight Transmt!.sion Of~ 0 Oft: 0 
Door Loads ow 0 Of!' 0 
Floor Trant.mission Oftl 0 Of~ 0 
Parht.ons on• 0 Oft' 0 
Ceilin Oft' 0 on: 0 
O¥t rhead ligMing 2l628W 61014 0 0 
Taskl41hl.inq 7876W 2435d 0 0 
Electric Equipment 12759 W 40257 0 0 
Peo le 79 14567 16146 0 0 0 
lnfilftation 0 0 0 
MisceUaneous 0 0 0 
Safely Factor 0%10% 0 0 10% y,m 0 
»Total Zone loads 27d331 16U6 2781!4 5 0 
Zone C ond~ionin 3)3189 16146 268466 0 
Plenum Wall l oad 0% 0 0 0 
Plenum Roofloiild 0% 0 0 0 
Plenum ligtlling load 0% 0 0 0 
Retu1n Fiiln Load 12900 CFM 0 1213CFM 0 
enlllat~t~n load 1710 CFM 25596 53044 1607 CFM 124115 0 

Suppty Fan l oad 13294 CFM 38601 1607 CFM -2866 
Space Fan Coil Fans 0 ·1570 
Duct Heal Gain / loss 2% 5488 2% 5561 
>> Total System loads 372874 69190 393685 0 
Centra l Coolina Coil >laJld 69198 0 0 
PrehutCoil 0 98260 
Terminal Reheat Co~s 0 295386 
»Total Condltlonln.q 37287' 69198 393645 0 
Key. Positive values are clnloads Positive values are ht!lloads 

He alive values are ht loads Neaatlve valuas are d loads 

Figure 11 

Block Load Hourly Analysis Program 

Choosing Which Method to Use 

No single load estimating method is the best. Each method can be appropriate for a specific 
application, depending on the point in the design process, time available to run the calculations, 
the sophistication of the user, and the desired level of accuracy in the results. Some methods lend 
themselves to manual calculations during preliminary and schematic phases of design, while oth-
ers are only appropri- lbllb •• specific Humidity 
ate in final design or A Room condition 

8 Outside condition 
energy analysis stages C Mixed condition 

usmg a sophisticated E Room sensible heat line 
D Effective coil temperature 

COmputer program. 1 Coil leaving temperature 

Most computer-based 1-2 Fan heat 
2 3 Duct heat 

software load estimat- ...._---------'. 
ing programs will also 
plot the psychrometric 
conditions (state points 
and interconnecting 
lines) of the HV AC 
system as an added 
benefit. See Figure 12. 
This will be presented 
in detail in the later 
levels of the load esti
mating TDPs. 

'l< 40 ; 

Figure 12 

Psychrometric Plot 

70 'l< 80 
"'· 

90 -.. 100 o. 110 
<; $ 

Dry Bulb Temperature db (°F) 
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LOAD ESTIMATING, LEVEL 1: OVERVIEW 

Load Estimating is a Team Effort 

The primary responsibility for choosing the zone and block load estimates lies with the 
HV AC designers because they use the outputs to assist in the HV AC system design. Since the 
input data requires a detailed knowledge of the building materials, wall and roof assemblies, and 
electrical loads such as lighting and equipment, the architect is a key team member. If the job is 
being done by a design-build contractor, the mechanical subcontractor will most likely be in
volved in running load estimates throughout the building design and construction phases. 

Heat Transfer Methods 

Before progressing to TDP-301, Load Estimating, Level 2: Fundamentals, an understanding 
of the three ways heat is transferred is required. One of the main goals of load calculations is to 
determine how much heat needs to be removed or added to a building area (room or space, zone, 
or entire building) to maintain the temperature and humidity of the area at comfort design condi
tions (set points). Heat transfer through the building construction, both interior and exterior, 
occurs by conduction, convection, and radiation. 

Conduction (Transmission) 

Conduction (normally called transmission) is the term for heat flow through structural walls, 
roofs, windows, and other area enclosing elements in a building. The amount of conduction, 
measured in Btuh, depends on the temperature difference (L).t) on the opposite sides of the struc
tural element being evaluated. As 

Underfloor :7 Pie f um 64 o F 

I 'It I I I 

shown in Figure 13, the outside air 
temperature of 95° F, coupled with the 
inside temperature of 75° F, gives a 
full 20 degree L).t. This creates heat 
transfer through the exterior wall into 
the space. Other possible heat flows 
are from supply air or return air ple
nums and from the partitions that 
separate areas of different tempera
tures. The larger the temperature 
difference, the greater the rate of heat 
transfer. The heat flow also depends 
on the total surface area and the ther
mal conductivity (U-factor) of the 
enclosure assembly. Transmission of 
heat takes time to go through the wall, 

. . . ... . "' 

TF 
83° F 

,_ 
,. Tc 

78° F 
.. 
> Tp ® TG 

TF 

~ Tw " 

~ 
. . .. 

8~° F 
Ceiling Plenum 

roof, etc. The heat gain is not instan- Figure 13 
taneous; heat is stored and released Conduction (Transmission) 

over time. 

J 

'1-

0 utside Air 
95° F 
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Convection 

Room surfaces that are cooler or warmer than the room air will transfer heat to or from the 
air. Convection is the movement of the air due to density change that results from temperature 
change. Convection causes the air to either fall toward the floor or rise toward the ceiling. There
fore, the heat that is conducted through a wall, roof, or window into the building material in the 
summer is eventually transferred to the room air by convection. The opposite occurs with a winter 
heat loss. 

Radiation (Solar) 

Heat also transfers as energy trav
eling in electromagnetic waves as 
shown in Figure 14. The walls, fur
nishings, people, etc. are heated by 
absorbing these waves. When the ob
ject heats up, conduction and 
convection work to disperse the heat 
to the air in the room. 

The main source of radiant heat
ing is the sun, or solar load. Lights, 
equipment, and even people are also 
sources of radiant energy. 

The density, specific heat, and 
Figure 14 

thermal conductivity of the object ab- Radiation Through Glass 

sorbing the radiant energy impacts the 
time it takes to transfer the heat into the room air. Generally, massive objects (like concrete and 
bricks) store more heat and release it over a longer time than less dense material (like wood and 
carpeting). 

This type of heat source is complicated to track and may take time to release heat into the 
room air. 

Commercial Load Estimating 
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Effects of Insulation 

Insulation adds resistance to heat flow and decreases the instantaneous flow of sensible heat 
by increasing the overall U-factor. Insulation is often rated in R-value. We shall now see how an 
R-value is used in the calculation of an overall transmission coefficient known as the U-factor. 

Calculating a U-factor 

The overall heat transfer coeffi
cient, or U-factor, is the rate at which 
heat is transferred through a building 
material assembly. It is determined by 
the following equation: 

1 1 u =---------
Rl +R2 +R3 +R4 ... +Rn RT' 

where the R-values are the resistances 
to the flow of heat of the various wall 
elements. The total resistance of any 
assembly to heat flow is the summa
tion of the resistances of each 
component of the assembly, plus the 

(1) 

(2) 

(3) 

(4) 

(5) 

R-values 
Outside Air Film 0.333 

4-in. Face Brick 0.444 

8-in. Concrete Block with 3.500 
EPS Inserts in Cores 

5/8-in. Gypsum Board 0.560 

Inside Air Film 0.685 

Total Resistance (RT) = 5.522 

1 1 U=-= =0.181 
Rr 5.522 

resistances of the air films on each Figure 15 
side of the assembly. Air films create Calculating aU-Factor 
a boundary layer on the inside and 
outside surfaces of the assembly, add-
ing to the overall resistance to heat flow. Figure 15 shows the method used to determine the total 
resistance (RT) and U-factor for a typical outside wall. 

Carrier's System Design Manual, Part 1 (SDM-1) or an older ASHRAE Fundamentals Hand
book contains tables that have calculated R-values and U-factors for the most common types of 
construction. 

Commercial Load Estimating 
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Sensible Heat Transfer (q = U *A* .Llt) 

The old standby sensible heat transfer formula calculates the quantity of instantaneous sensi
ble heat transfer rate, or "q." The q Btuh is the product of the U-factor or U, the surface area "A," 
and the L1t across the material assembly. It is usually not hard to figure out the value of A. Deter
mining /'-,.t may take a bit more work, and deriving a value for U can require hand calculations if 
the building materials assembly is not listed in a look-up table in SDM-1, or a separate software 
calculation. 

Figure 16 shows a q example - a 
30 ft long by 10 ft high (300 ff) inte
rior partition boiler room wall. The 
example has a temperature of 95° F on 
the unconditioned side and 7 5° F on 
the conditioned side. 

q = Btuh Heat Transfer Rate 

U = Heat Transfer Factor 
(from table) 

tw =Warm Side Temperature 
gs· F 

From a set of U-factor tables, the 
value of a typical 8-in. masonry parti-

q = U *Area * (f:w- tc) 

tion is listed as 0.42 Btuh for each ft2 Figure 16 
per degree Fahrenheit temperature 
difference. The conducted heat is 
therefore 

Sensible Heat Transfer Rate 

q = U *A* /'-,.t = 0.42 * 300 * 20 = 2520 Btuh 

Solar Radiant Energy 

To figure out the solar loads through glass, the cool
ing design temperature profile and a means of calculating 
peak effects from the sun is needed. The solar load com
ponent represents the amount of radiant energy transmit
ted to the space through ordinary single pane glass. Hand 
calculation methods use tables of data, while computer 
software programs take into account the city of the instal
lation site. 

Commercial Load Estimating 
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Instantaneous Heat Gain 

In order to calculate the amount 
of solar energy entering the glass of 
any building, the intensity of energy 
striking the glass must be known. De
termining this value begins with 
assessing the amount of solar radiant 
energy reaching the earth's atmos
phere. Referring to Figure 17, the 
solar energy reaching the earth's at
mosphere varies from approximately 
445 Btuhlft2 on December 21 when 

Tropic of Cancer 
23.5° N latitude 

Figure 17 

March21 

September 21 

the earth is closest to the sun, to a The Earth 's Motion Around the Sun 
minimum of 415 Btuhlff on June 21 
when it is farthest away. 

As shown in Figure 18, not all of 
the sun's radiant energy makes it to the 
building. Some of the solar energy, 
upon entering the earth's atmosphere, 
is reflected back out into space. The 
remaining energy must then make its 
way through the earth's atmosphere 
where it encounters ozone, dust parti
cles, and water vapor. These three 
elements absorb and scatter some of 
the energy. The scattered energy shows 
up as diffuse (or sky) radiation and is 
more or less evenly distributed over 
the sunlit surface of the Earth. The far
ther the sun's rays have to travel 
through the atmosphere, the more en
ergy is lost to absorption and diffusion, 
thus reducing the amount striking the 
glass in a building. 

Since the earth's axis is tilted at a 
slight angle (23.5°), the distance trav
eled is affected by the time of year 
and the latitude on the earth's surface. 
Figure 19 shows that even though the 
earth is closer to the sun in December, 
the distance traveled through the 
earth's atmosphere to a point in the 
northern hemisphere is farther than 
the same point in June. Thus, the 
amount of radiant energy reaching a 
northern hemisphere location is less in 
December than in June. In addition, 

Commercial Load Estimating 
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Radiant Energy Loss 

Earth's 
Atmosphere 

\ .,,----, 
I 
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Figure 19 
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Energy 
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LOAD ESTIMATING, LEVEL 1: OVERVIEW 

the greater the angle at which the radiant energy strikes the earth's atmosphere, the more energy 
is reflected back to space. Thus, by knowing the month of the year and the latitude of any loca
tion, the amount of radiant energy reaching the earth's surface can be predicted. 

In determining the amount of radiant energy entering an air-conditioned space, let's look at 
what occurs when the energy strikes the glass. In Figure 20, radiant energy (R) strikes a perpen
dicular pane of ordinary glass at an 
angle of incidence (<D) of 30°. The 
angle of incidence affects the amount 
of energy reaching the space. In fact, 
30° is the optimum <I> angle for en
ergy transmittance into the space. At 
30° <1>, 1.0 R radiant energy reaches 
the outer surface of a pane of ordinary 
glass. REFLECTED 

Figure 20 

Heat Gain to Space 

At the outer surface, some energy is reflected back 
outdoors. The remaining energy enters the glass. In pass
ing through the glass, a small portion (.06 R) is absorbed 
by the glass, raising the glass temperature above the out

door and indoor air. Due to the small amount of absorbed heat, the solar radiant energy virtually 
passes through the glass unhindered. 

When the sun's rays strike the inner surface of the glass, some energy is reflected back 
through the glass to the outdoors. The combined reflected energy amounts to 8 percent of the total 
incident radiation R. Thus, 86 percent of R reaches the space as transmitted energy. In addition, 
40 percent of the 6 percent radiant energy absorbed by the glass makes its way into the space by 
transmission. Thus, the total amount of solar energy reaching the space through a single pane of 
clear glass is: 

0.86 R + (.04 * .06) R = 0.88 R 

Figure 21 shows a plot of solar Through Ordinary Glass During August (40"N) 
radiant heat gain figures for north, 
east, south, west, and horizontal (sky
light) exposures for 40° N latitude 
during the month of August. The 
compass points and number of expo
sures have an impact on the solar 
loads. The position of the sun not only 
varies with time of day, but signifi
cantly, with time of year, which is 
determined by the latitude and longi- AM Time of Day PM 
tude of the building site. For example, 
an east exposure with a morning peak Figure 21 
in the summer has a high heat gain. Solar Heat Gain 
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The south side has a peak around noon and it may be in the fall. The west glass peaks late after
noon in the summer, while the north glass receives only scattered diffuse sunrays in northern 
latitude locations like the United States. Occasionally, a cooling load study is done based on the 
building site orientation, especially if a large amount of glass is present. Computer software can 
easily handle these kinds of "what if' scenarios. 

Since solar radiant energy is not heat until it strikes an object and is absorbed, these values do 
not represent the amount of heat to be removed by the air conditioning equipment. Instead, they 
represent the "instantaneous heat gain to the space" and are useful for showing trends of solar 
energy related to the movement of the sun. Actual air conditioning loads will be discussed in the 
heat transfer theory section under the concept of heat storage. 

Glass types, special coatings, and internal and external shading all cut back on the amount of 
solar energy that comes into the room. The value that is eventually derived to modify the solar 
heat gain value is called either a shade coefficient (SC) or 
a solar heat gain coefficient (SHGC). The SHGC is the 
current rating method used. These two coefficients are 
not the same. To be precise, you need to know which co
efficient the load method uses and enter that value. 

Shading - Internal, External, and Adjacent Buildings 

One way to cut down on the amount of solar beam energy is to reduce the effective glass area 
and/or reflect some radiation back to the outside. The internal shade type describes the type of 
drapes, shades, or Venetian blinds to be used with the window. The presence of interior shades, 
and the characteristics of that shading device, affects conduction and convection heat flow 
through the window assembly, as well as the transmission of solar radiation into the building. 
Shade properties influence the calculation of the overall window U-factor, the shading coeffi
cient, and the transmission and solar loads for the window. 

External shading is commonly done with fins, overhangs, and reveals that are described in re
lation to the window. When parts of the building structure extends outward beyond the surface of 
the wall, shadows are cast across the 
wall as shown in Figure 22. Recessing 
the windows into the wall can create 
the same effect (reveals). Shadows on 
the glass are created by horizontal 
objects above the glass (overhangs), 
or by vertical members on either side 
of the glass (extensions or fins). For 
any given time of day, predicting 
where these shadows will fall can 
have a significant impact on building 
loads. Those areas in shadow receive 
only diffuse radiation instead of direct 
radiation. In order to establish the ex
act location of the shadows, the 
location of the sun must be known. Figure 22 
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The sun can be located by two 
angles at any time during the year. 
They are the solar altitude angle and 
solar azimuth angle. See Figure 23. 
The solar altitude angle is the angle in 
the vertical plane passing through the 
sun and the point on the Earth. Hand 
calculation methods make it very dif
ficult to get accurate results for 
external shading. However, computer 
software can do an excellent job with 
all the calculations needed to deter
rome hour-by-hour shading from 
exact solar angles, just as long as lati
tude and longitude are accounted for. 

Heat Transfer Theory 

Heat Storage 

As shown in Figure 24, heat flow 
through an exterior wall is due to the 
combined effect of two heat sources: 

• The sun's rays striking the wall, 
resulting in solar heat gain. 

• Outside air temperature higher 
than the inside temperature, re
sulting in transmission through 
the wall. 

Because the wall has mass, the 
storage effect of the wall makes the 
flow of heat through the wall time
related. Determination of the actual 
amount of heat entering the space 
1s therefore a rather complex 
calculation. 

Solar 
Altitude 
Angle 

Wall -----T----<0\. 
Solar 
Azimuth 
Angle 

Figure 23 

Solar Angles 

Figure 24 

Solar 
Azimuth 
Angle! 

95• F 75• F 
Outside Inside 

Wall Section 

Heat Flow = Radiation + Transmission 
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Time-Related Load Storage 

To get a feel for the movement of heat through the wall under these circumstances, let's take 
a look at time-related temperature profiles across a wall. Assume that the air temperature on both 
sides of a wall is maintained at 7 so F. With no sun shining on the wall, the temperature through 
the wall is constant (curve 1 in Figure 2S). As the sun shines on the wall, radiant energy is con
verted to heat at the surface of the wall and the wall surface temperature rises above 7 so F. This 
causes heat to flow from the surface 
to the outdoor air and into the wall. 
With time, the surface temperature 
continues to rise, as well as the tem
perature within the wall (curves 2, 3, 
4 and S in Figure 2S). This continued 
heat flow into the wall eventually 
flows into the interior spaces. With 
continued radiant energy striking the 
wall, a steady-state heat flow situation 
will occur (curve 6 in Figure 2S) 
where the amount of energy striking 
the surface equals the amount of heat 
given off to the outdoor air plus the 
amount ofheat entering the interior. 

When the sun ceases to shine on 
the wall, stored energy in the wall 
continues to flow to the outside and 
inside until, with time, the tempera
ture throughout the wall equalizes 
(curve 6 in Figure 26). Whether the 
sun is shining on the wall or not, heat 
is always flowing in two directions. 
Thus, a mathematical analysis of the 
phenomenon is complex. 

Transmission heat flow through 
the wall behaves in a manner similar 
to the solar flow of heat. As the out
side temperature rises above the 
inside temperature, the wall surface 
temperature rises, causing heat to flow 
into the wall. 

Wall Section 

Figure 25 

Temperature 
profiles plotted as 
a function of time 

Inside 

Solar-Induced Temperature Profiles 

NO SUN SHINING 
ON THE WALL 

Figure 26 

Temperature Decay 

--=::::::@:~- 75° F 
Inside 

Wall Section 
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lf the outside temperature re
mains at 95° F for a long enough time, 
a steady state heat transfer condition 
would exist (curve 5 in Figure 27). 
Under this condition, the heat entering 
the interior space would be defined by 
the equation: 

q=U*A * M 

Steady-State 
Condition 

75o F 11-1-=--~ft.l.--- 7 5o F 
Should the outside air temperature Outside 

fall quickly, energy stored in the wall 
could actually flow outward in both 
directions, as shown in Figure 28. 
Under these conditions, the flow of Figure 27 
heat is no longer steady state and the Rising Outdoor Air Temperatures 
above equation no longer applies. 

Since the solar intensity striking 
the outside surface of the wall is con
tinuously changing, and since the 
outside air temperature is also con
tinuously changing, the simple 
q = U * A * !J.t transmission equation 
should not be used to compute the 
heat load entering the space. Clearly, 
some time-related equation is required 
that takes into account the storage 
capability of the wall. 

The equivalent temperature dif
ference, or ETD, concept was 
developed to satisfy this need. 

Wall Section 

Figure 28 

Falling Outside Air Temperatures 

--
Unsteady State 

Inside 

... 

In Figure 29, a wall (on the left) is 
exposed to the sun when the outside 
air temperature is 95° F and the room 
temperature is 7 5° F. At a point in 
time, the combined effects of trans
miSSIOn, solar energy, and heat 
storage capability of the wall results 
in 500 Btuh reaching the space. 
Knowing the heat transfer coefficient 
of the wall (U) and the wall area (A), 
one could equate the 500 Btuh heat 
gain to an imaginary steady state con
dition (shown on the right side) where 
the !J.t across the wall would have to 
be 30° F. The 500 Btuh could then be 
determined by the equation: 

Actual L\t = (95 - 75) = 20° F Actual D.t = (95- 75) = 20• F 
q = U * A * ? ETD = (1 05- 75) = 30° F 

Complex Calculation 

Figure 29 

Unsteady versus Steady State 

q=U*A*M 

where !1t = ETD 

tfUID. 
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The value of ETD is an equivalent number used to describe the flow of heat through the wall 
at a given point in time. However, the combined effects of storage, solar intensity, and transmis
sion could be duplicated by a steady-state heat transfer condition with an outside air temperature 
of 105° F. 

Tabulated values of ETDs, as shown below, can be found in Carrier SDM-1 for walls and 
roofs, along with corrections for conditions other than basis of the table, such as cooler room 
temperatures, different wall colors and jobsite temperature ranges that are not 20° F. 
See Figure 30. 

TABLE 19-EQUIVALENT TEMPERATURE DIFFERENCE (DEG F) 

FOR DARK COLOREDt , SUNLIT AND SHADED WALLS* 

Based on Dark Colored Walls; 95 F db Outdoor Design Temp; Constant 80 Fdb Room Temp; 
20 deg F Daily Range; 24-hour Operation; July and 40° N. Lat.t 

SUN TIME 
WEIGHT 

EXPOSURE OFWALL:j: AM PM 
(lb/sq ft) 

6 7 8 9 10 11 12 1 2 3 4 5 6 7 

20 1 17 30 33 36 35 32 20 12 13 14 14 14 12 
60 -1 -1 0 21 30 31 31 19 14 13 12 13 14 13 

East 100 5 5 6 8 14 20 24 25 24 20 18 16 14 14 
140 11 10 10 9 8 9 10 15 18 19 18 17 16 14 

20 -3 -3 -4 - 3 -2 1 4 8 10 12 14 13 12 10 
North 60 -3 - 3 -4 - 3 -2 -1 0 3 6 8 10 11 12 12 

(Shade) 100 1 1 0 0 0 0 0 1 2 3 4 5 5 5 
140 1 1 0 0 0 0 0 0 0 1 2 3 4 5 

From Carrier SDM, Part 1, Chapter 5. 

Figure 30 

Equivalent Temperature Difference 

Stored Loads Released 

With time, the sun (instantaneous 
heat gain) will cease striking the wall. 
However, the stored energy will con
tinue to flow into the space until the 
wall internal temperature equalizes 
with the adjacent air temperature. 
Thus, the actual cooling load will 
have a lower peak than the instanta
neous solar heat gain figures would 
indicate, and the actual peak cooling 
load will occur later in the day. See 
Figure 31. The differences between 
the instantaneous load and the actual 
cooling load are caused by the storage 
ability of the building. 

Figure 31 

Heat Storage Impacts Loads 

8 9 10 11 

10 8 6 4 
12 11 10 8 
14 13 12 11 
12 13 14 14 

8 6 4 2 
12 10 8 6 
5 7 6 5 
5 7 8 7 

AM 

12 1 2 3 4 5 

2 0 -1 - 2 - 3 - 3 
5 4 3 1 1 0 

10 9 8 7 7 6 
14 13 13 12 12 12 

0 0 -1 -1 - 2 -2 
4 2 1 0 -1 -2 
4 3 3 2 2 1 
6 4 3 2 2 1 

Peak load 
Time lag 

Peak load 
Reduction 
Due to 
Storage 

Actual 
Cooling load 
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The ability of the building to store 
heat is directly related to the total 
mass of the building. The more mas
sive the structure, the more heat will 
be stored. Figure 32 shows the effect 
of building mass on the actual cooling 
load. The heavier the building, the 
lower the peak-cooling load will be. 
The peak will also occur later in the 
day. 

.I::. 
::J 

r Peak Time Range 

al F=:.:..:..:.-"=:..==-:r-+--~~~ 

Time (Hours) 

Figure 32 

Building Mass Impacts Storage 

The number of hours the air-conditioning equipment operates also has an effect on the actual 
cooling load reaching the space. In Figure 33, operating the equipment 24 hours continuously 
would completely remove the stored 
heat in the structure. However, if the 
equipment were only operated 
16 hours per day, not all the heat 
stored in the structure would be re
moved. As it makes its way into the 
space, the space temperature would 
nse. 

Time (Hours) 

Figure 33 

Occupied Cycle Impacts Storage 

The heat not removed will appear as an additional pull down load in the morning, making the 
equipment load higher than that anticipated. See Figure 34. The longer the air-conditioning 
equipment operates, the smaller the 
pull down load will be and vice versa. 

Figure 34 

Pull Down Load 

Time (Hours) 
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Climatic Conditions 

Since the need for air conditioning is primarily a function of our bodies reaction to the cli
mate, we will begin our study of load estimating by looking at outdoor and indoor design 
conditions. Establishing the outdoor 

Outside Air 
Peak Temperature 

and indoor design conditions for a 
specific application, locality, and time 
will establish the maximum heat gains 
and losses for a building. See 
Figure 35. These conditions essen
tially establish the potential for heat to 
flow and can be equated to establish
ing the voltage for an electrical 

• Ptloenix = 110° F 
• Anchorage = 71° F 

circuit. 

Figure 35 

Weather Conditions Affect Loads 

Outdoor Design Conditions 

Several sources can be used to establish outdoor design conditions. Three common ones are 
the ASHRAE Fundamentals Handbook, the Air Force Manual 88-29 (Engineering Weather 
Data), and the Carrier System Design Manual (Part 1). Each source contains data based on aver
age weather conditions available at the time of publication. 

Table lB Cooling and Dehumidification Design Conditions-United States 

Cooling DB/MWB Evaporation WBIMDB Dehumidification DP/MDB a nd HR 

0.4% 1% 2°/o 0.4% l o/o 2% 0.4% 1% 2% 
Range 

Station DB MWB DB MWB DB MWB WB MWB WB MDB WB MDB DP HR MDB DP HR MDB DP HR MDB of DB 

l 2a 2b 2c 2d 2e 2f 3a 3b 3c 3d 3e 3f 4a 4b 4c 4d 4e 4f 4g 4h 4i 5 

Mountain Home, AFB 99 63 96 62 93 61 66 91 64 91 63 89 58 79 71 54 70 69 52 64 7 1 32.8 
Mullan 87 62 84 61 80 60 65 81 63 79 62 77 60 86 69 58 80 68 56 75 66 28.1 
Pocatello 93 61 90 60 87 59 64 84 62 83 6 1 82 57 83 70 55 76 70 53 70 69 32.1 

ILLINOIS 

Belleville, Scott AFB 95 78 93 77 90 76 80 92 78 90 77 88 77 141 87 76 136 85 74 131 84 19.8 
Chicago, Meigs Field 92 74 89 73 86 71 77 88 76 85 74 83 74 132 84 72 12 1 80 71 11 5 80 16.0 
Chicago, O'Hare Inti A 91 74 88 73 86 71 77 88 75 85 74 83 74 130 84 72 123 82 71 11 5 80 19.6 
Decatur 94 76 91 75 88 74 79 90 78 89 76 86 76 140 86 75 133 84 73 127 83 20.0 
Glenview, NAS 93 75 89 73 87 7 1 78 90 76 87 74 84 74 130 85 72 120 82 70 11 3 81 17.6 
Marsei.ll es 93 74 89 73 86 7 1 78 89 76 86 74 84 75 135 85 73 126 82 7 1 117 81 19.4 
Moline/Davenport lA 93 76 90 74 87 73 78 90 77 87 75 85 75 134 85 73 127 83 72 120 82 20.0 
Peoria 92 76 89 74 86 73 78 89 77 86 75 84 75 137 85 74 130 83 72 123 81 19.5 
Quincy 94 76 91 75 88 74 78 89 77 88 76 85 76 138 84 74 132 82 73 126 82 18.9 

Partial view from ASH RAE 2001 Fundamentals Handbook, Chapter 27. 

Figure 36 

Outdoor Design Conditions 

The ASHRAE climatic design information shown in Figure 36 represents commonly used 
cooling design conditions for selecting HV AC equipment. Regardless of the source, the following 
common values are likely available: 

• Design Dry Bulb (db) and Wet Bulb (wb) Temperatures- Whichever design temperature is given 
(wb or db), the other mean coincident temperature is also given to identify the peak condition for 
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that combination. The temperatures are also given in percentage columns. This represents the per
centage of yearly hours during the summer months that the recorded temperature has equaled or 
exceeded the design value. During summer, June through September, the maximum temperatures 
usually occur between 2 p.m. and 4 p.m. Most sources provide cooling values in multiple combi
nations to provide design conditions for standard cooling, high latent "coastal south" conditions, 
and dew point-dependent equipment selections like cooling towers. 

• Daily Range - The daily range represents the difference between the average daily maximum and 
average daily minimum dry bulb temperatures during the warmest month of the year. Large daily 
ranges are associated with inland locations far removed from large bodies of water and locations 
at high elevations above sea level. Large bodies of water tend to stabilize temperatures due to 
their la~ge thermal inertia. 

• Latitude, Longitude, and Elevation - Elevation figures are used to adjust air properties and solar 
intensities. Moisture (grains/pound) is particularly sensitive to elevation, and can alter the cooling 
load significantly. The latitude values are needed in predicting solar intensities. All three figures 
together can be used to interpolate design data for locations in between published data. 

Indoor Design Conditions 

Indoor design conditions are more subjective and need to be verified with the owner or occu
pant of the building. Guidelines are available based on type of building and usage as shown in 
Figure 37. The first few columns establish the temperature and humidity set points that are used 
in the load estimating calculations, though, as you can see, many other design conditions are 
available to guide the designer in HV AC design process. 

Temperature Relative Humidity Supply Air Sound Ventilation 
Occu-
pancy 

Filters Exhaust 

Category Summer Winter Summer 1 Winter Speed Changes NCar elm / I elm / Default People I Elf. o/o efmor 
OF •F o/o I o/o fpm I hour RC(N) Person w I Person 1000 ft2 MERV cfm/fr' 

:Lodging (Hotels, Motels, Resorts; Dormitories) 

Bedroom I living 
room 74-78 74-76 50-60 30.35 25.45 4. 10 25.35 5 0.06 11 10 10-15% 20 -50/rm 

Barracks 74.78 74.76 50 .60 NR 25.45 4-10 25.35 5 0.06 8 20 10-15% 
20-

50/Fixture 

Conference 
room 

74 . 78 70.74 50.60 20.30 30.50 12-15 40.50 5 0.06 6 50 MERV6 NS 

Kitchen general 82.88 70.74 65 max NR 30.50 12-15 40.50 5 0.06 6 10 MERV6 0.70 I ft2 

Kitchen pastry 76 70 .74 65 max NR 30.50 12-15 40.50 5 0.06 6 10 MERV6 0.70 I ft2 

Lobbies 80 72 50.60 20.30 30.45 NS 35.45 5 0.06 11 10 MERV8 NS 

Kitchen private 74.78 70.74 65 max NR 30.50 12-15 40.50 5 0.06 6 2 MERV6 0.30 / ff 

Hallways 80 72 50.60 20.30 30-45 NS 35.45 5 0.06 11 10 MERV8 NS 

Guest rooms 74.78 74 . 76 50.60 30-35 25.45 4. 10 25.35 5 0.06 11 10 10-15% 20 - 50/rm 

Multi-purpose 74.78 70.74 50.60 20.30 30.50 12-15 40.50 5 0.06 6 120 MERV6 NS 

Office areas 74.78 70-74 50.60 20.30 
25.45 

0.7-2 elm/It' 
4-10 30.45 5 0.06 17 5 30.60 NS 

Laundry 85 65 60 NR 50+ 10-12 NR 7.5 0.06 11 20 8 As Req. 

Office Buildings 

Ofliee 74.78 70-74 50.60 20.30 
25.45 

0.7-2 elm/It' 
4-10 30.45 5 0.06 17 5 30.60 NR 

Reception 74.78 70-74 50 .60 20.30 
25.45 

0.7-2 elm/It' 
4. 10 30.45 5 0.06 7 30 30 .60 NR 

SOURCE: ABCs of Comfort, TDP-1 02 

Figure 37 

Indoor Design Conditions 
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Overestimating of Loads 

As previously noted, the maximum dry bulb temperature and maximum wet bulb temperature 
do not usually occur simultaneously. This is particularly true throughout the inland mass area of 
the United States. In the maritime or coastal areas (those areas adjacent to the oceans), the two 
temperatures tend to coincide. 

Typically, when the dry bulb temperature is at a maximum, the coincident wet bulb tempera
ture is slightly lower, and vice versa. Thus, using both maximum values can result in weather
oriented load (transmission and outdoor air) up to one-third larger than would logically be 
expected. 

Load Components 

Load components are the basic building blocks of a load estimate. Load components are es
timated individually, making it easy to isolate the project parameters that affect the heat transfer 
associated with each component. We will introduce the components, sorted by type, in this over
view, but leave the detailed discussion for TDP-301 , Load Estimating Level2- Fundamentals. 

External Space Loads 

External space loads include everything that directly causes the room temperature to vary, ei
ther above (cooling load), or below (heating load) the set point. See Figure 38. These loads can be 
further broken down into three subgroups: 

• Weather-Related- These are 
made up of predominantly solar 
gain through glass, along with so
lar and transmission gains through 
the walls and roof. 

• Infiltration-Related- These are 
not directly weather-related, 
though outside wind speed affects 
the amount of airflow through the 
exterior envelope of the building. 

• Adjacent-Space Related- These 
are made up of heat transfer across 
any interior partition with a tem
perature differential. Traditionally, 
these have been thought of as 
walls, but horizontal assemblies 
that separate the floors in a build
ing often have the required 
temperature differential to cause 
heat transfer. 

Weather - Related 

Infiltration - Related 

Figure 38 

External Space Load Components 
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Solar 

As noted previously in the solar radiant energy section, arriving at the solar load component 
is complex, requiring either table-oriented manual methods or sophisticated software programs. 
There is a need for building mass, shading, and building materials solar coefficient data to cor
rectly complete the calculations. Energy conservation codes continue to force designers to "plug 
energy leaks" in their designs, but glazing manufacturers bring out new products that maintain the 
visual effects and day lighting possibilities that occupants and architects desire. Proper window 
and shading modeling, along with accurate solar load determination, remain one of the tricky 
elements of load estimation and building systems design. 

Transmission 

If a temperature difference exists between the inside and outside surfaces of a material as
sembly, heat will flow by conduction to the cooler side as shown earlier in Figure 13. These are 
called transmission losses. There are many assemblies to be accounted for in a cooling or heating 
load estimate to calculate all the conduction thermal loads. 

• Walls and Doors- These vertical elements make up the majority of the building. The primary in
puts to complete the calculations are the design temperatures and the U-factors for the material 
assemblies. As discussed earlier, U-factors can be derived from tables of material R-values or 
from look up tables. The software methods that use coefficients layer-by-layer will display the 
overall U-factor for reference purposes. Door transmission gains or losses in commercial load es
timates are sometimes ignored because they represent a very small fraction of the total load. If 
they are to be considered, a simple U-factor calculation is sufficient. 

• Roofs - The roof on a commercial building is usually horizontal and receives a lot of solar radia
tion. Therefore, the effective temperatures are relatively high. Calculations are the same as those 
used in determining wall and door load components. 

• Windows and Skylights - Besides the solar load component, glazing assemblies also have a 
transmission component. Similar to walls and roofs, the overall U-factor is used for this 
calculation. 

• On Grade and Below Grade - The 
temperature of the ground compli
cates calculation of the heat gain 
through the on-grade floor or 
through basement walls below 
grade. See Figure 39. The ground 
temperature near the surface is 
close to the outside air tempera
ture, but further down the ground 
temperature approaches a rather 
constant value of from 45° F to 
65° F, depending on the geo
graphical area. 

Figure 39 

Transmission Below Grade 

Radial Isotherms 
(from intersection of grade and basement wall) 
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Infiltration 

In addition to the other sources of heating or cooling loads, the infiltration component must 
be accounted for. These unplanned airflows must be heated or cooled to room conditions, often 
adversely affecting perimeter spaces. Modem construction techniques result in tightly constructed 
buildings with minimal envelope infiltration. In low-rise buildings with fixed windows, and those 
facilities operated under a slight positive pressure, infiltration can often be ignored. Most design
ers simply add a small safety factor to the load estimate to account for infiltration. The exceptions 
are high-rise buildings and those expected to be subjected to high wind loads. 

Partitions, Floors, and Ceilings 

Some conditioned spaces in a building may be adjacent to unconditioned or partially condi
tioned spaces. When that occurs, heat is conducted by the temperature differences across the 
dividing material assemblies. Losses may occur on an interior wall (partition) next to a minimally 
heated warehouse. On the other hand, losses occur on a floor above an unconditioned parking 
garage or a ceiling that has a hot attic above it. All that is needed for a hand calculation is the U
factor, L1t, and area. 

Internal Space Loads 

In non-residential buildings, the 
internal loads are a significant item to 
be estimated in the load calculations. 
See Figure 40. The designer must es
timate the peak usage of lights, 
number of people, and electric equip
ment (plug load). The hours of 
internal peak loads must also be ad
dressed. In some industrial 
applications, items such as electric 
motors, exposed piping, tanks, and 
other process items need to be in
cluded in the estimate. 

People 

Figure 40 

Internal Space Load Components 

Heat is generated within the human body by oxidation - commonly called metabolic rate. 
This heat is carried to the surface of the body and dissipated by: 

• Conduction from the body to the objects the person touches and to the surrounding air. 

• Convection from the body and respiratory tract to the air close to the person. Since warm air is 
lighter, or less dense, than cool air, the warm air floats upward. The warm air is replaced by 
cooler air, and the process continues. 

• Radiation from the body to the surrounding colder surfaces. 

• Evaporation of moisture from the body surface and in the respiratory tract to the surrounding air. 

Commercial Load Estimating 
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Lighting 

Lights generate sensible heat by the conversion of electrical power, or energy (E) , into light 
and heat. The energy is dissipated by radiation to the surrounding surfaces, by conduction into 
adjacent materials, and by convection to the surrounding air. Lights as a load component are typi
cally referred to as lamp Watts per sq ft of floor area. The radiant energy from lights is stored in 
the mass of the building and appears later as a load in the space. This process is the same that oc
curs with solar radiant energy, and current software methods factor this into the calculations. 

Incandescent lamps convert ap
proximately 10 percent of E into light. 
Because of this poor efficiency, this 
kind of light is used for task lighting, 
where its application reduces the need 
for higher overall lighting levels. 

Fluorescent light fixtures are 
more commonly used in commercial 
buildings for general lighting because 
about 23 percent of E is converted 
into light. See Figure 41 . 

Electric Equipment (Plug Load) 

Heat Gain to Space (q) = W * 3.4 Btuh/Watt 
or 0.9W * 1.11 * 3.4 

Where: W = Total Energy input to lights in Watts 
0.9W = Rated Lamp Watts 

Figure 41 

Lighting (Fluorescent) 

Devices such as computers, printers, copy machines, and appliances use electrical energy. 
They are usually lumped into a category of miscellaneous electrical equipment or plug load. Car
rier SDM-1 and ASHRAE have tables of information for many kinds of appliances. For instance, 
a 12-cup coffee maker with two burners is 3750 Btuh sensible and 1910 Btuh latent. The more 
unique the equipment or specialized the usage, i.e., medical laboratory, the better it is to use pub
lished heat dissipation values from the actual equipment manufacturer (or installation and service 
manuals). 

Commercial Load Estimating 
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Electric Motors 

Electric motors contribute sensible heat to a space by converting the electric power input (en
ergy or horsepower) to heat. Heat gain from electric motors depends on many factors, including 
motor horsepower, motor efficiency, 
motor use factor, motor load factor, 
and whether or · not the motor and 
driven equipment is located inside or 
outside of the conditioned space or 
airstream. See Figure 42. Location 
"A" has both the motor and the drive 
equipment in the airstream, like an air 
handler. Location "B" takes the motor 
out of the airstream, while location 
"C" has both out of the airstream, like 
a ducted exhaust fan. 

If the building is an industrial ap
plication, then the motors driving the 
process machinery are almost always 
a source of internal heat gain. 

Gas-Fired Equipment 

Motor Nameolate Heat Gain From Standard 
orR8te'd Standard EPACTMin. Premium I f Elf. Motor in ,Location Btulhr ' 

H.orsepower Efficiency E:fficiency Efficiency ' A ·a 
1120 35.0 364 127 
1/12 35.0 606 212 
1/8 35.0 909 318 
1/6 35.0 1,212 424 
1/4 54.0 1,178 636 
1/3 56.0 1,515 848 
1/2 60.0 2,121 1,273 
3/4 72.0 2,651 1,909 
1 75.0 82.5 3,393 2,545 

1 1/2 77.0 84.0 4,958 3,818 
2 79.0 84.0 6,443 5,090 
3 81.0 86.5 89.5 9,426 7,635 
5 82.0 87.5 89.5 15,518 12,725 

7 1/2 84.0 88.5 91.7 22,723 19,088 
10 85.0 89.5 91.7 29,941 25,450 
15 86.0 91.0 93.0 44,390 38,175 
20 87.0 91.0 93.0 58,506 50,900 
25 88.0 91.7 93.6 72,301 63,625 
30 89.0 92.4 93.6 85,787 76,350 
40 89.0 93.0 94.5 114,382 101,800 
50 89.0 93.0 94.5 142,978 127,250 
60 89.0 93.6 95.0 171 ,573 152,700 
75 90.0 94.1 95.4 212,083 190,875 
100 90.0 94.1 95.4 282,778 254,500 
125 90.0 94.5 95.4 353,472 318,125 
150 91.0 95.0 95.8 419,505 381,750 
200 91.0 95.0 96.2 559,341 509,000 
250 91.0 95.4 96.2 699,176 636,250 

NOTES: Ratmgs for open, dnp-proof type , 4-pole, 1800 rpm motors 
Totally enclosed, fan-cooled (TEFC) motor ratings slightly higher 
Consult motor manufacturer's ratings for specific data 

Figure 42 

Electric Motor Efficiencies 

c ~ 
236 
394 
591 
788 
542 
667 
848 
742 
848 

1,140 
1,353 
1,791 
2,793 
3,636 
4,491 
6,215 
7,606 
8,676 
9,437 

12,582 
15,728 
18,873 
21,208 
28,278 
35,347 
37,755 
50,341 
62,926 

Equipment within the space that is fired by natural gas is normally limited to cooking appli
ances and miscellaneous laboratory items like Bunsen burners. To limit the large amounts of both 
sensible and latent heat liberated by the natural gas combustion and the process itself, most of 
these devices are located under hoods directly exhausted to the outside. When high densities of 
equipment are present, like in medical laboratories and industrial pilot plants, data should be 
taken directly from the manufacturer's literature. 

Piping, Tanks, and Evaporation 

In most commercial applications, the level of insulation provided on both hot and cold piping 
and tanks keeps this internal load component at a negligible level. In industrial plants, such heat 
gains to the space are common, along with common items like furnaces and dryers. These con
tribute sensible heat to the space by convection and radiation from the outside surfaces. 
Frequently, dryers contribute sensible and latent heat from the drying process. Piping exposed to 
the conditioned air in a room will have an effect on the load calculations. Hot water and steam 
piping heat transfer amounts depend on both the insulation type and thickness, and the tempera
ture-of the hot water or the pressure of the steam. 

Commercial Load Estimating 
------------------------------------Turn to the ExpertS. 

27 



LOAD ESTIMATING, LEVEL 1: OVERVIEW 

System Loads 

The last group of load components to be considered when estimating a cooling load is due to 
operating characteristics of the system serving the building or zone. These include loads associ
ated with outdoor ventilation air, coil 
bypass, fan heat, duct heat transfer, 
duct airflow leakage, return plenum 
heat pickup, and in cases like under-
floor air distribution, supply plenum 
heat loss. See Figure 43. Some of 
these items can only be accurately 
evaluated after the system is designed. 
Those computerized methods that per
form system-based design loads are 
well suited to evaluate these items. 

Ventilation (Outdoor) Air 

Outdoor Air 

Figure 43 

System Loads 

Ventilation air normally creates a significant load for both heating and cooling estimates be
cause of the large design !1t and/or moisture content of some locations. Air brought in from 
outside the building must be at least equal to the direct exhaust needs. Direct exhaust is that air-
flow which is directly exhausted from Direct Exhaust 

the building, not entering the main 
return air system. Toilet, laboratory, 
and kitchen hood exhausts are exam
ples of direct exhaust. See Figure 44. 

Codes and standards, notably the 
ASHRAE IAQ Standard, indicate the 
minimum amount of outdoor air to be 
used in different applications to pro
vide an acceptable indoor air quality. 
Many times these quantities are in 
excess of the direct exhaust require
ments, especially in low-density 
occupancies like offices. 

Figure 44 

Ventilation 

Duct Heat Transfer and Airflow Leakage 

~\ 
Outdoor air 

content in supply 
air to room 

Space Air Balance 
Air in ~ Air out for positive 

pressurization 

Air in Supply air cfm 

Air out = Return air cfm + 
direct exhaust air cfm 

Common rule of thumb: 
Supply exceeds return + 
exhaust by 1 0% 

Heat gains or losses in the supply and return ductwork will affect system performance and in
crease cooling and heating coil loads. With supply air from 50° F to 60° F flowing through the 
ductwork, and approximately 90° F air surrounding the duct in an unconditioned space, a poten
tial for heat gain to both the supply and return air exists. 

Air leakage in supply ductwork increases the airflow requirement for the central supply fan, 
and in tum, increases the fan heat gain and power use. Air leakage in the return duct adds to the 
airflow, but since it usually compensates for the supply duct losses, it does not add to the fan cfm. 
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Fan Horsepower and Motor Heat Gains 

Draw-thru air-handling units have the supply fan located downstream of the cooling coil, 
adding heat to the supply airstream due to the work done on the air to raise its pressure within the 
ductwork. See Figure 45. This heat 
gain diminishes the capacity of the 
supply air to cool the room, requiring 
a greater cfm for the space load. A 
blow-through supply fan arrangement 
increases the coil load without im-
pacting the supply airflow to the 

Relief Air 

space. A similar heat gain situation Outdoor Air 
occurs if a return air fan is used in the 
air-handling system, but in this case, it 
only affects the coil load. The chilled 
water pump also adds its pumping Figure 45 
inefficiency load to the chiller. Fan Heat Gain Load Components 

Bypassed Outdoor Air 

RAFH 

Return Air 

SAFH 

Since the cooling coil is not a perfect heat exchange device, some of the air entering the coil 
passes through the coil untreated. This represents a loss similar to a draw-thru fan heat gain that 
diminishes the supply air capacity to cool the room. Another way to look at it is a mixing of air
streams (conditioned and bypassed) that raises the coil leaving air temperatures above theoretical 
ideal conditions. Manufacturers use bypass factors as part of rating a coil. A bypass factor as
sumption needs to be made in the load estimate, so if the actual coil selected differs greatly, the 
load may need to be refined with the new bypass factor. 

Plenums 

Instead of running ductwork to convey return air 
from the spaces back to the air-handling unit, the 
building cavity between the suspended ceiling and 
floor or roof above can be used as a plenum. 

The air distribution and some of the load compo
nents are affected as the plenums are at a different 
temperature than the room cooling and heating set 
points. The temperature of the return air in a plenum rises as heat is picked up, and likewise, the 
temperature of the supply air rises as cooling capacity is lost across the access floor and structural 
slab. Use of plenums influences the assignment of the heat gains, transferring portions of space 
loads over as coil loads. 

Commercial Load Estimating 
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When air is returned through the ceiling plenum, the cooling load caused by lights can be 
broken into two components. One component is the portion of light heat that flows directly into 
the plenum. The other component is the amount of heat absorbed as the return air passes over or 
through the fixture. 

A ceiling plenum tp;~.der a roof can 
pick up even more heat from the roof 
load component. In this situation, the 
return air picks up a significant per
centage of the roof heat while the . 
remaining roof heat makes its way 
into the space. The situation repre
sents the ·composite effect of the 
various heat exchange processes that 
take place. See Figure 46. 

The return air heat transferred 
from the lights and roof are no longer Figure 46 
space loads, but are system loads di- Ceiling Return Plenum 

rectly affecting the cooling coil. 

Summary 

Top Floor 

Load estimating is very important to HV AC system design. Load estimating is used to calcu
late rough overall cooling and heating loads and to select HV AC equipment. Information for duct 
and water piping design are also a direct byproduct. 

Heat transfer methods and theory are relatively straightforward, utilizing either simple formu
las and look up tables, or computer software models to determine building heat storage of solar 
radiant energy and lighting. The U-factors can be computed manually or building material assem
bly layer properties are inputted into the software for the same calculations. 

In the end, no matter the method, all load estimates are made up of various load components 
that represent the conduction (transmission), convection, and radiation heat transfer elements. 
After all the material assemblies are accounted for, and the zones determined, only indoor condi
tion set points and outdoor climatic conditions are needed to run a load estimate. 
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Work Session 

1. An accurate load estimate provides the following four benefits. 

2. If an inaccurate load estimate is calculated with too great of a safety factor, what could be a 
serious implication? 

3. Load estimates are calculated for enclosed volumes, often referred to as spaces or rooms. 
Name four of eight building data items needed to complete a load estimate. 

4. All load estimates, regardless oftype, are made up ofvarious external, internal, and system 
load components. Name the two basic load estimate type and provide a short definition. 

5. True or False? Since they are made up of multiple zones, a block is just the sum of the zone 
peak loads. ________ _ 

6. Load estimating outputs can be used for the simplest ______ _ __ , to complex 

end-of-the-job _________ calculations, but the greatest use of final load esti-

mate outputs is usually for ________ _ 

7. The easiest way to determine the number of zones shown on an HV AC floor plan is to count 

the ---------
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8. Name the three methods of heat transfer. 

9. AU-factor is an overall heat transfer coefficient that is the rate at which heat is transferred 
through a building material assembly. How is it calculated? 

10. The sensible heat transmission of any load component, or conduction, can be determined by 

solving the equation ________ _ 

11. Which of the following describes solar radiant energy? (circle all that apply). 

a) The amount of radiant energy transmitted to the space through ordinary single pane 
glass. 

b) The amount of radiant energy reaching a northern hemisphere location is less in Decem
ber than in June because of the distance of the earth from the sun. 

c) 30° is the optimum angle of incidence for solar radiant energy to penetrate a window. 

12. True or False? Heat storage reduces the instantaneous load on a space. _______ _ 

13. Heat storage causes the load reduction effect described in question 12. What additional effect 
is caused by heat storage? 

14. What is the main reason for accurately determining the climatic design conditions when cal-' 
culating a load estimate? 

15. What are the three main load component categories? 

Tmntoilie E~e~---------------------------------C_o_m_m_e_r_c_ia_I_L_o_a_d_E_s_ti_m_a_t_in~g 
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16. Name the three external space loads subgroups, then indicate which is directly affected by the 
wind, which has the most load components, and which is not external to the building. 

17. Fluorescent light fixtures are more commonly used in commercial buildings for general light-

ing because about ___ _ percent of the input energy is converted into light. 

18. Name five of the eight system load components. At least two of them must have a latent 
component. 
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Work Session Answers 

1. Correct cooling and heating requirements throughout the design process 
Options for load reductions at the least incremental cost 
Properly sized equipment 
Efficient air, water, and electrical distribution designs 

2. Part load humidity control will be poor, leading to discomfort and potential IAQ issues be
cause of growth of mold and mildew. 

3. External dimensions 
Glass area 
Net wall area 
Net ceiling and floor areas 
Transmission Coefficients (U-factors) 
Structural weights and colors 
Occupancy 
Internal loads 

4. Zone load - a load estimate for a thermostatically controlled area made up of one or more 
spaces 

Block load - a load estimate for multiple zones fed from a single piece of HV AC equipment 

5. False. Since most zones do not peak at the same time and month, the block load should be 
smaller than the sum of the zone peak loads. 

6. rough sizing, energy usage, equipment selections 

7. thermostats 

8. Conduction 
Convection 
Radiation 

9. AU-factor is the inverse ofthe sum ofthe resistance to heat flow of the various layers of the 
assembly, including the air films on either side. 

10. q = U *A* ~t 

11. a), c) 

12. True. Due to the high specific heat of more massive materials like concrete and bricks, Btuh 
are absorbed by the material, warming it up to a point where its temperature is above the sur
roundings, which then starts the process of load release. 
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13. The actual peak cooling load will occur later in the day. 

14. Establishing the outdoor and indoor design conditions for a specific application, locality, and 
time will establish the maximum heat gains and losses for a building. 

15. External space loads 
Internal space loads 
System loads 

16. Weather-related: most numerous load components 
Infiltration-related: directly affected by the wind 
Adjacent-space related: not external to the building 

17. 23 percent 

18. Fan heat 
Duct heat gains and losses 
Coil bypass (latent component) 
Outdoor air (latent component) 
Piping heat gain 
Pump heat gain 
Duct leakage (latent component) 
Air plenums 
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Appendix A - Terms List 

External Load Components 
infiltration, latent, glass 
infiltration, sensible, glass 
infiltration, latent, wall 
infiltration, sensible, wall 
solar, glass 
solar, roof 
solar, wall 
transmission, ceiling 
transmission, floor 
transmission, glass 
transmission, partition 
transmission, roof 
transmission, wall 

Internal Load Components 
equipment, latent 
equipment, sensible 
lighting 
people, latent 
people, sensible 

System Load Components 
CBP 
L 
OAL 
OAS 
PiHG 
PuHG 
RAFH 
RDHG 
RDLG 
SAFH 
SDHG 
SDLLL 
SDLLS 
SR 
sw 
TR 
Tw 

coil bypass 
lighting 
outdoor air, latent 
outdoor air, sensible 
piping heat gain 
pump heat gain 
return air fan heat 
return duct heat gain 
turn duct leakage gain 
supply air fan heat 
supply duct heat gain 
supply duct leakage loss, latent 
supply duct leakage loss, sensible 
solar, roof 
solar, wall 
transmission, roof 
transmission, wall 
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Glossary 

Word 

airflow 

block load 

British thermal unit (Btu) 

Btuh (Btu per hour) 

bypass factor 

cfm 

check figure 

conduction 

convection 

equivalent temperature 
difference (ETD) 

external load 

heat 

indoor air quality (!A Q) 

internal load 

load calculation 

load component 
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Definition 

movement of air, usually within boundaries such as ducts: commonly 
expressed as cfm. 

maximum building or HV AC system heating or cooling load that occurs 
within the hours of a day, or days of a year; not necessarily as large as the 
sum of the individual zone loads within the block load area. 

measure of heat energy; the heat energy of a Btu is approximately that 
required to raise the temperature of a pound of water from one degree 
Fahrenheit, from 59 to 60° F. 

the basic unit for measuring the rate of heat transfer within an HV AC system, 
British thermal units per hour. 

percentage of airflow that passes through a coil or filter untreated by the heat 
transfer surface or media. 

cubic feet per minute. The unit of measure of the volume rate of air flow, as 
in a cooling or heating system. 

a general sizing guideline used to evaluate preliminary equipment selections, 
capacities and fluid flows (i.e., cfm, gpm). 

heat transfer by which heat is moved from molecule to molecule of a 
substance by a chain collision of those molecules. 

heat transfer within a fluid by the movement of heated molecules from one 
place to another. 

alternative dry bulb temperature difference that creates the same transmission 
heat transfer as the actual dry bulb temperature difference, plus the 
transmission associated with the solar load component. 

load component originating outside the space, zone, or building, but not 
associated with the HV AC equipment or distribution systems; normally 
external to the building, like solar and transmission loads. 

a form of energy that can be transferred by conduction, convection, or 
radiation; only transferred from a warmer substance to a colder substance. 

controlling the types and levels of indoor contaminants; involves material 
selections and moisture control within buildings, adequate ventilation with 
outdoor air, proper filtration, and the design, operation, and maintenance of 
comfort air conditioning systems for occupant benefit. 

load component originating within the space, zone, or building, such as 
lighting, people, and equipment. 

mathematical calculation of the heat transfer associated with any of the 
various load components. 

heat transfer associated with a building or system element. 

load estimate approximation of the heating and cooling requirements of a space, zone, 
system or plant; made up of individual load calculations for the associated 
load components. 

R-value (thermal resistance) quantity determined by the temperature difference, at steady state, between 
two defined surfaces of a material or construction that induces a unit heat 
flow rate through a unit area. R = ~ t + q. 

Commercial Load Estimating 
---------------------------------------------------------------------TrunrotheExpertS. 

39 



LOAD ESTIMATING, LEVEL 1: OVERVIEW 

room 

rule of thumb 

set point 

safety factor 

shading coefficient (SC) 

solar heat gain coefficient 
(SHGC) 

space 

state point 

system load 

an area within a building bounded on all sides with walls, a ceiling/roof and 
floor; rooms are considered spaces. 

a useful design guideline having wide application but not intended to be 
strictly accurate or reliable in every situation. 

point at which the desired value of the controlled variable is set. 

additional or reserve capacity or capability built into a system or component 
to account for unexpected situations or guard against failure or loss of set 
point. 

ratio of absorbed and transmitted solar heat relative to fenestration fitted with 
shading devices to that occurring with unshaded single strength glass. 

fraction of incident irradiance that enters through the glazing and becomes 
heat gain; includes both the directly transmitted portion and the absorbed and 
re-emitted portion. 

an area within a building not necessarily bounded on all sides by walls or a 
ceiling, such as a lobby or hall; rooms are considered spaces. 

a point or location on a psychrometric chart, pressure-enthalpy diagram, etc. 
that indicates the physical conditions of a mixture or process. 

load component originating outside the conditioned space, zone, or building, 
and associated with the HV AC equipment or distribution systems, such as fan 
heat gain and coil bypass. 

temperature difference (Ll!) difference between the temperatures of two substances, surfaces, or 
environments involving transfer of heat. 

ton, ton of refrigeration value used for cooling equipment capacity; equivalent to 12,000 Btuh. 

transmission 

U-factor (thermal 
transmittance) 

zone 

zone load 

transport of substances, energy, or indicated values from one place to another 
with or without impedances. 

heat transmission in unit time through unit area of a material or construction 
and the boundary air films, induced by unit temperature difference between 
the environment on each side. Note - This heat transmission rate has been 
called the overall coefficient of heat transfer. 

a space, room or rooms, or building that is treated as a single comfort control 
area by an HV AC system. 

peak cooling or heating load for the zone, occurring at a particular time of day 
and day of year; most likely, zones within an HV AC system peak at different 
times and dates. 
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