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Abstract

This project analyses the energy consumption of 44 Gerrard St. East. This site is primarily used as the
Ryerson University Theatre School and it consists of four classrooms, seventeen offices, six studios, and
two theatre auditoriums. Since it is a three-storey building, plus a basement, thus, the energy level for this
building is supposed to be moderate. However, because it is an old structure, constructed back in the early

1940s, this building seemingly has considerable energy consumption.

The main objective of this energy assessment is to reduce the building load'. This goal can be achieved by
simplifying and controlling certain parameters that directly and indirectly involve energy consumption.
For example, indoor temperature and relative humidity can be maintained at low level in winter and at
high level in summer. In addition, monitoring heat loss, heat gain, infiltrations through the building
surrounds, and the level of illumination for various types of lights helps to reduce overall energy
consumption. Several other factors such as operating costs, maintenance costs, and repair costs influence
the energy management of the site. With the help of energy management software, eQUEST, the
structure, outlook of all the walls, windows, roof, and the type of HVAC? system can be developed for
analysis. Through eQUEST, various tasks such as heat transfer involvement, energy consumption load

calculations and load balancing in comparison with energy saving guidelines will be discussed in detail.
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NOMENCLATURE

Throughout this project, all measurements and calculations are in imperial units. Most of the units are
either posted after the calculations or mentioned in the Appendix. Below is the list of the commonly used
units.

a Ambient air temperature °F
4 Area £
c Heat Transfer with convection Btu/h
c Thermal conductance Btu/ h-f*°F
heat capacity flow rate Btu/min
CFM | Cubsic feet minute (Airflow) f#* /min
C » Pressure coefficient dimensionless
COP Coefficient of performance dimensionless
D percentage of persons dissatisfied %
Diameter fr
Energy Btu
Irradiance Btu/ft’
f Fuel to air ratio dimensionless
F Factor (Lighting) dimensionless
FHLV | Fuel lower heating value Btu/lb
Film conductance Btul ft* -hr< F
h
Enthalpy Btullb,
H Height St
JAC Shading attenuation coefficient dimensionless
k Thermal conductivity Bufh-fi " F
I,L | Length ft
m Mass flow rate Ib/min
M permanence coefficient perm
NTU | Counterflow heat exchanger dimensionless
olf Emission rate of pollutant concentrations olf .
Dsi
psf.
D Pressure WG
in Hg
P Power hp
[0] Time rate of heat transfer Btu/ h
MBH
Ventilation/Emission ratio cfim
9 Solar heat gain Btu
R Thermal resistance h- fi* F/Btu
R, | Total resistance h- fi* " F[Btu
SHGC | solar heat gain coefficient dimensionless
t Time sec

ix




T Temperature °F
AT Temperature Difference °F
r Weighting factor dimensionless
o Layer Thickness ft
Wind speed fi/s
U U-factor (Overall heat transfer coefficient) Btu/ h-fi*°F
Mass transfer rate grains/ hr
W Light wattage w
Work Btu
W, Saturated moist air b/
X Y, Z | Response factors dimensionless
Greek Symbols:
@ | Flow of water vapor Ib- fi* / s
¢ | Relative humidity %
0 Incident angle deg
Time to freeze hr
J | Layer Thickness ft
u Permeability perm—in
Degree of saturation dimensionless
H | average permeability g
P | density Ibm/ft’
17 | Efficiency dimensionless
X | Mole fraction of water vapor dimensionless
A | Time interval sec
Ax | Total thickness St
&€ | Effectiveness for Heat Exchanger | dimensionless
Subscripts/Superscripts:
1 Surface 1 H Height
2 Surface 2 i Integer
3 Surface 3 in Indoor
a | Ambient (outdoor) j Finite integer
4 Shaft met Meteorological
b Beam M Motor
c Conductive n | Integer indicates time
d Dew-point out Outdoor
D Belt drive r Ground-reflected
b Beam s Surface
d Diffuse sa Special allowance
f Flue T Total
fe Flue gas ul Lighting use
F Fan v Wind Velocity
g glass w ‘Water vapor
gw Gas/water ws | Water vapor saturated




CHAPTER 1 - INTRODUCTION

Energy management is described as the use of computer-based controllers that establish the equipment

and procedures through which actual results of energy efficiency can be obtained.

Energy management is one of the most challenging tasks facing today’s industry. Challenging energy
management questions revolve around from how to build a sustainable new facility to how to choose an
energy-efficient and cost-effective system. HVAC engineers constantly try to find opportunities to
improve energy efficiency and the use of renewable energy technologies in areas such as new

constructions and retrofits, equipment procurement, operations and maintenance, and utility management.

HVAC accounts for forty to sixty percentage of the energy used in commercial and residential buildings.
This percentage represents an opportunity for energy savings by using proven technologies and design

concepts.

In addition to energy issues, HVAC systems have raised a significant concern in health, comfort, and
productivity of occupants, especially in office buildings. Issues such as user discomfort, improper
ventilation, and poor indoor air quality are all linked to HVAC system designs and operations. However,

these issues can be improved by better mechanical and ventilation systems.

There are some principles of the energy management program that are as follows,

e Overview of the site; location, structure, occupancy rate at any time of the day, its climatic
conditions, the examination of the mechanical and electrical systems.

o Classify the annual energy consumption by means of fuel and electricity usage of each system.

e Set a target on reduction of energy usage based on the potential saving of each system.

e Reduce the energy consumptioh that corresponds to mechanical and electrical systems.

e Manage thermal losses and power requirement for the HVAC distribution system.

e Upgrade old and ineffective equipments and improve the existing energy conversion system by
implementing energy efficient program thus reduce the energy cost.

e Appoint personnel to continuously monitor the system and keep a record of the monthly energy

usage for the energy conservation goals.



Three factors consume a building’s considerable amount of energy. First are the prime energy
consumption equipments such as boilers, furnaces, refrigeration chillers, and electrical lighting that
consume most of the energy. Secondly is a building’s relevant structure such as its walls, windows, floor,
and roof, Lastly, mechanical and electrical components such as pipes, ducts, and filters that do not affect

the energy consumption directly, but they influence the amount of energy that is being consumed.

The efficiency of the primary energy conversion equipment, which converts fuel to heat, ultimately
determines the actual amount of energy consumed to supply both loads (heating and cooling load).
Energy usage then depends upon two main factors: the magnitude and duration of the loads and the

Se€asonal efficiency of the primary energy conversion equipment.



1.1 - SITE DESCRIPTION

The location of the selected site is 44 Gerrard St. East Toronto, Ontario with coordinates of Latitude
43.65°N and Longitude 79.38°W. The climate of Toronto is cold with the average dry bulb temperature’
ranging from 80°F in summer to 21°F in winter season. The average wet bulb temperature® is 70°F in
summer with an average relative humidity of 74%. 44 Gerrard St. East is an educational facility namely,
Ryerson Theatre School, composed of three floors plus a basement, whose front is facing the South. The
basement is mainly filled with control valves, meters, and drainage system with an area of 1,488 square
feet. All three floors of the building resemblance rectangular shape with an estimated total area of 21,873
square feet occupied with classrooms, offices, and studios. The first floor is composed of two classrooms,
six offices, a music room, a design studio, four washrooms/locker rooms, storage, a boiler, and a
mechanical room with an estimated combined area of 6,919 square feet. Similarly, second floor has two
classrooms, two offices, a typing room, a conference room, a kitchen, a washroom, a wardrobe room, and
a prop room with an estimated combined area of 6,745 square feet. Finally, the third floor is composed of
two washrooms, two shower stalls, and two locker rooms with an estimated combined area of 6,720
square feet. The building is composed mainly of brick (exterior) and wood (interior) with attachment of
insulation. There are windows in certain places on the East and the North sides but with the majority on
the West and the South sides. Complete layouts of the site are found in Appendix E and the distributed

total area in Table 1.

k| Studios
i| Washrooms

total
6,919

j Hallways

i Studios
Washrooms
}| Hallways

total
6,745

i| Classrooms -

Washrooms

total

Hallways

6,720

Total Area




1.2 - OBJECTIVE

The purpose of this project is to reduce the building loads and to find a better energy management
program. This report summarizes valuable experience and findings from current engineering journals,
technical papers, ASHRAE handbooks and other relevant publications that yield the importance of energy

conservation in institutional buildings.

1.3 - OUTLINE

This report has been divided into seven chapters that cover this energy audit. The second and the third
chapters look at various aspects of heating and cooling load of the HVAC system. The fourth chapter
deals with the electrical systems mainly lighting. The fifth chapter covers various types of HVAC
Systems, including the hot water usage because a large amount of energy is consumed in heating water.
The sixth chapter deals with the observed and calculated results. The last chapter concludes this energy

audit. A number of references and appendices are available at the end of the report.

1.4 - SOFTWARE DESCRIPTION

€QUEST is a sophisticated building energy analysis tool, which provides professional-level results. A
user can perform any task without requiring extensive experience in the “art” of building performance
modeling. eQUEST is designed to perform detailed comparative analysis of building designs and
technologies. This is accomplished by combining schematic model creation wizards, design development
Creation wizards, an energy efficiency measure (EEM) wizard and a graphical results display module with
a complete up-to-date building energy simulation program. Additionally, eQUEST has a detail-building
description interface mode that includes 2-D and 3-D displays of building geometry. It also has
AUTOCAD file import for drawing layout, graphical display of HVAC equipment layout and the
Summary or hourly report data. The graphical display of results includes multi-run comparison

graphics. The detailed interface also includes the capability to describe and perform parametric runs.



CHAPTER 2 - HEATING

Heating is the transfer of energy to a space by virtue of a difference in temperature between the source

and the air. This process may take several forms such as direct radiation to the space, direct heating of the
circulated air or through the heating of water. One of the solutions for reducing the heating load is by
weather-stripping the building envelope’ and by reducing the distribution system loads®. One of the major
factors that will reduce the building load is by increasing the efficiency of the primary energy conversion

equipment.

There are several methods to find the heating load of the site; one of the easiest ways is to determine the
average difference between indoor and outdoor temperatures. For example, in Nov 2004 the average
temperature outside, Tou, Was recorded to be 38°F, while at the site, the temperature, Ti,, was 73°F. Thus,
the temperature difference, AT, between the two is 35°F. It can conclude that as the temperature

difference increases, the heating load also increases. In other words, the site will consume more energy.

I;ll=73°F o o o
AT =T, -T,, =73 38 >  At=35F

T = 38° F out

out

The other factor that reduces the heating loads is by reducing the indoor temperature and keeping it low
for longer periods. Another factor is the amount of heat produced internally from the lights, people,
business machines (computers, fax machines and printers), and the direct sunlight striking through the

windows. Thus, all these sources help in reducing the overall heating load.

2.1 - HEAT TRANSFER

Heat transfer, Q (Btwh), by conduction is proportional to the temperature difference, AT (°F), between
the warm and cold sides of the building envelope element. Conduction is also proportional to the area, A,
through which the heat is transferred. In addition to area, conduction also depends on the insulating

quality of the wall, which is measured by resistance, R (h f2e F/Btu) .



2.1.1 - Heat Transfer for Walls

The heat transfer of the surface of a wall slab depends on the conduction, convection and the algebraic
Sum of the heat transfer components. The algebraic sum of the energy management of heat transfer must
be balanced.

Theor etically, in one-dimensional and linear heat conduction, the surface heat fluxes and the temperatures
are related by three sets of response factors; X, ¥, and Z. Computation can be done with the help of time
series technique. Time series analysis is a method of collecting data points over time that may have an

Internal structure (such as autocorrelation, trend, or seasonal variation) for which they can be accounted
for,

0 00
0, =2 00X, =2 5n Y @.1.1)
Jj=0 J=0
Q2,n = —Z‘T;,n-jzj - ZT;,,,_]YJ (2.1.2)
j=0 j=0
Where, 0, O, T, and T, are the terms in the time series for heat flux and temperature respectively.
Surface 1 v Surface 2
Tl‘\ P T2
2 _CI__\ e.c_z_ ' 2
' n ry :
——
C Sy | s2
—) . \Sumasmand
a9 9z

SECTION OF WALL OR ROOF.
FIGURE 1: Heat Flux Components at the surface of a slab

The subscript 7 is an integer that indicates time; for simplicity » is used instead of #A where A is the
time intervyal, Subscripts / and 2 denotes the two sides of the slab. By definition, the heat flux is in the

direction from surface I to surface 2. The upper limits of summation can be replaced by a finite integer j

Since X', Y, and Z; tend to reach zero asj becomes large.

For the case of response factors for non-linear or for multi-dimension cases, e€QUEST develops heat

transfer criterion with the help of given surroundings (hollow tile, brick or concrete block case).



Heat transfer by convection between slab surface / and the adjacent air is given by,

cl.n = hl,n (al,n - 2-l',n) (2.1 .3)

where, A, , is the film conductance and g, ,, is the ambient air temperature.

In general, the film conductance depends on the ambient temperature, the slab surface temperature, and

the air motion. For example, natural convection at vertical surface / is,

b, =0.18(a,, - T,, " Bru/ fi*hrF 2.1.4)

Ln

Replace the subscript from / to 2 for equations (2.1.2 - 2.1.4) and apply for surface 2. Therefore, by

applying the above notations, the heat balance equations for the two surfaces are,

¢n—0,=0 (2.1.5)

Cont Oy =0 (2.1.6)

Substituting the expressions for ¢, , and @, , and collect the unknowns on the left hand side gives,

J J
(-t —X, )0, + X0, +h,a, =21, X, =T, %, @2.1.7)
Jj=1 j=1
J J
(-t =2,)0, + YT, + by 0y, =D Ty, Z, = 2T, Y, (2.1.8)
J=l =1

These equations (2.1.7 and 2.1.8) are solved by using an iterative procedure. Normally, the slab
temperature histories (right hand side of equations 2.1.7 and 2.1.8) are unknown at the start of the
computation. Thus, eQUEST starts the calculations well advance in time for which the solution is
required. This procedure makes the results independent of the assumed surface temperature values prior
to the start of calculations.



2.1.2 - Heat Transfer for Windows/Doors

The loss of energy through windows and doors, excluding air leakage, follows a simple heat transfer

relation. This heat loss is,

0=22T _yuar @.1.9)
T
1 Ax 1 _<
R=Li B, psta 2.1.10)
T bk, h, ER’

Where, AT =T, —T is the overall temperature difference across windows/doors, 4 is windows/doors
area, and R is the total thermal resistance of heat transfer. U is the overall coefficient of heat transfer,
R, is the thermal resistance of each layer of the window/door, h, =1.46Btu/hr S °F is the inside
Surface conductance of air, and /, =6.0Btu/hr fi* °F is the outside surface conductance of air
(function of wind speed 15mph). Ax is the total thickness of all the glass, k, is the thermal

conductivity of glass (0 0.44Btu/ ft-hr °F), and R, is the total resistance of all the gaps trapped

between glass.

The conductance of air gap is a complicated function for such terms as mean air gap temperature,

temperature difference, and the thickness of the air gap. Table 2 provides reasonable estimates of R, for

cach air gap,

The temperature drop across any part of a series system can be evaluated from,

% =i_§. @.1.11)

Where, AT, is the temperature drop across a region and R, is the thermal resistance of the region.



The resistance and the overall coefficient for any number of glass layers can be evaluated using equation

(2.1.11) and Table 2. A sample of such calculations has been set up in Table 2 for ¥in glass with a mean

temperature of 0°F, a temperature difference of 20°F and a ¥in air gap.

TABLE 3: Glass Layers Resistance

For example, a six inch insulated wall will have a resistance of about 25.9. According to studies, an eight-
layer window will lose heat at 2.8 times the wall rate. Thus, windows are certain to be thermally
expensive unless insulation is added either inside or outside. The proper locations to install insulated
covers are on the exterior side to avoid condensation. eQUEST shows that insulation on windows and

doors improves the resistance of windows and doors.



2.2 - BUILDING ENVELOPE

The term building envelope generally refers to those building components that enclose conditioned
spaces, and through which thermal energy is transferred to or from the outdoor environment.

Envelope Energy Usage —
Older Construction Standards

Walls
¥

10%

Floor
—\ o 3%
<
> \'\«
Root B8 \]
16% E Windows
b ¥ 50%
lnliltre;ion

1%

FIGURE 2: ASHRAE standard affects energy loss from the Building Envelope

Figure 2 shows how much energy is lost through the envelope of an older building. Approximately half of
the energy is lost through the windows, twenty-one percent to the unintentional leakage of outside air, and
nearly thirty percent can be attributed to other opaque elements in the building envelope, the walls, the

roof, and the floor.

In the heating season, one of the biggest setbacks is a process called convection. The flow of water vapor
through the walls of the building is a process that can lead to problems as the temperature in the walls will
often drop below the dew point level and condensation can occur. This leads to buildup of ice that may
structurally damage the walls, and the moisture may degrade the thermal performance of the unit.
Nevertheless, the flow of water carried with airflow through the cracks and leaks is probably a greater

problem than vapor diffusion’ as far as severe condensation is concerned.

If the inside relative humidity is less than thirty percent then the condensation problems caused by

windows, joints, and the connectors can be controlled. However, relative humidities this low may lead to

discomfort for occupants.

Boarding the structure is not always the answer to stop the flow of water. The structure should have a
flow of fresh air either for aesthetic purposes or to control humidity. According to ASHRAE standards,

recommended airflow rate should be 10c¢fm (cubic feet per minute) per person.

10



The flow of water vapor in a medium is given by Fick’s law,

0= —,uZ—i 2.2.1)

Where @ is the mass of water vapor transmitted per unit area per unit time, p is the vapor pressure, X is

the coordinate in x-direction of water flow, and y is the permeability of medium for water vapor.

The water vapor pressure is a function of temperature. Thus, the diffusive flow of vapor will occur in the
same direction as the flow of energy; from the warm side to the colder side. It is noticed that 44 Gerard
St. East has a big change room and a large number of shower stalls. Therefore, placing the vapor barriers
on the warm side (inside) can prevent the moisture from entering the walls. In other words, it can prevent

the moisture from the inside of the building to the outside.

For average conditions of water vapor flow, equation (2.2.1) can be written as,

W=q 513 (2.2.2)

where, W is the mass transfer rate, (grains/hr), 7 is the average permeability (perm-in) , A4 is the cross-

sectional area in x-direction, / is the thickness of the medium, and Ap is the pressure drop (in.Hg).

The unit for z is the perm-in. or some compatible unit where,

_ 1 grain
hr ft*in. Hg vapor pressure difference

1 perm (2.2.3)

The permanence coefficient, M, is often used with M = % and the units of M is the perm.

Then, the equation (2.2.2) becomes,

W = MAAp (2.2.4)
If the wall is made of series of slabs, then the mass flow rate through each wall is same,
"Z":Ml(Pl_P2)=M2(P2_P3)=M3(P3"P4)=“' (2.2.5)
An overall permanence coefficient is defined as,
% =M Ap, (2.2.6)

Solving equations (2.2.4 and 2.2.5) gives,

11



Mo T 13T 22D
M M, M, M,
A similar analysis is done for a parallel wall, giving
N
A M =AM, + HM, + 4M, =Z‘4IMI (2.2.8)
i

Air can hold some maximum amount of water vapor. As water vapor leaves the warm interior and enters
the walls and crawl space, it cools off and gives up its moisture, which in turn saturates the insulation and
framing. Too much moisture in the air or the large temperature difference between the inside and outside

makes the insulation useless. In the extreme cases, the insulation becomes virtually useless, and severe rot

can take place in structural members.

The condensed moisture frozen in the wall slabs remains immobile in a severe climate until it thaws out.
This process usually takes place in mild weather. The basic cure is to insulate it properly, block the cracks
and leakages from outside, and vapor barrier it from inside. This prevents the ingress of cold air and

moistyre,

Painted-plaster o Wood, exterior sheathing
or gypsum. o etc. .
|' Mineral wool '
*insulation
M= 1 perm :
Inside - . - M=116 M=2.0 Out_sgde -
Y =170°F . L =0F
6=050 6=080
Py = 37" Hg Pyo = .03" Hg
‘ 1" . - 1
el 363" gl

FIGURE 3: Stea.dy-vState Vapor Diffusion

Consider one of the walls of 44 Gerard St. East in Figure 3. Through the built-in system of equations
(2.2.1 - 2.2.7) in eQUEST, the temperature profile in the wall is calculated. A saturated vapor pressure

curve (Figure 4) is associated with this temperature profile.
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FIGURE 4: Températuré and Pressure profiles
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Problem Stating
44 Gerrard St. East has heating degree-days of 4066; refer to Appendix A — Degree-Days. The fuel used

on the site is Natural Gas, $12/1000f# (price of natural gas). Using the temperature difference of 35°F
and regular working load of 40hrs/wk , the energy savings are:

e  With the help of equation (2.1.9), total heat loss can be calculated as:
e Sample calculation for Roof,
0=0.112x6720%35 > 0 =26,346Btu/ hr

e At 65% efficiency and at $12/1000 f#* (price of natural gas), thus use of natural gas is

13



$12 26,346 Btu/ hr

x x 5880hrs/ winter = $1,859/ year > [ROSSISIR005Y
100012 (l 000Btu/ ft’)x 0.65 7 e D
® Total Heat Loss: Oro =1995% 10° Btu/ year
® Total Cost: Total Loss = $16,065/ year

Therefore, there is a loss of $16,065/ year without applying any renovations.

2.3 - SETTING BACK INDOOR TEMPERATURE

Energy is likely to get wasted during unoccupied hours if there is no one to comfort. There can be a lot of
savings with the amount of time and degrees the temperature can be set back. Due to the building old age
(44 Gerrard St. East), ventilation, infiltration, and the building envelope make a huge contribution
towards heat loss. Therefore, it can safely be assumed that the efficiency of the heating system should be

approximately sixty-five percent.

At night the outdoor temperature is cooler than daytime, so neither solar heat gain nor internal heat gain
helps to make up for the heat loss. A simple solution is, completely shut down the ventilation system
since no ventilation is required at night to relieve the heating load. Another option is to reduce the indoor
temperature below the normal setting. Analysis of 44 Gerrard St. East has been prepared with the indoor

temperature reduced to ease heat load.

Problem Stating
44 Gerrard St. East has a heating degree days of 4066 and cooling degree days of 252 (Refer to Appendix

4- Degree Days) whose total calculated floor area is 21,873 ﬁ‘2 (Refer to Table 1). The fuel used on the
site is Natural Gas, $12/1000ft (price of natural gas), whose heating consumption is
278x10°Btu/ fi*/ yr . At night, setting back temperature by 15°F can save energy and money.

¢ Energy saved by set back is 135 x 10°Btu/ yr, Refer to Appendix B, Figure 19

® At 65% efficiency and at $12/1000 f#* (price of natural gas), thus saving in natural gas is

$12 135x10°Btu/ yr
1000/ "~ (1000Btu/ f¢*)x0.65

~ $2492/ year >

Therefore, by setting back indoor temperature by 15°F, thus results in saving of $2492/ year .

14



2.4 - HUMIDITY

It is a well-known fact that the body retains more heat when the weather is hot and humid than it does
during a drier but equally warm day. The excessive heat in the surrounding environment makes the person
feel hot. Evaporation works best when the air is dry. In moist air, perspiration cannot evaporate as readily.
The combination of excess heat and moisture will cause the person to feel hot and sticky. As a rule of
thumb, higher humidity results in greater discomfort. A psychrometric chart graphically represents the
thermodynamic properties of moist air. ASHRAE developed such a psychrometric chart (Chart No. 1)
which is shown in Appendix B - Figure 20. This charts uses oblique angle coordinates of enthalpy and

humidity ratio.

2.4.1 - Basic Parameters

Humidity Parameters Involving Saturation

The following definitions of humidity parameters involve the concept of moist air saturation:

Saturation humidity ratio, W, (7, p), is the humidity ratio of saturated moist air with respect to water (or

ice) at the same temperature T and pressure p.

Degree of saturation, 4, is the ratio of air humidity ratio, 7, to the humidity ratio, W,, of saturated
moist air at the same temperature and pressure:

w
=— 2.4.1
H=1 24.1)

s T.p

Relative humidity, ¢, is the ratio of the mole fraction of water vapor, x,,, in a given moist air sample to

the mole fraction, x,_, in an air sample saturated at the same temperature and pressure:

ws 2
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¢=— (24.2)

ws lt,p

_ ¢
AT+ (-¢)w,[0.62198 @43)

Dew-point temperature, T}, is the temperature of moist air saturated at pressure, p, with the same
humidity ratio, W, as that of the given sample of moist air. It is also defined as the solution T}, ( p,W) of

the following equation:
w, (p’Zi) =W 2.4.49)

2.4.2 - Reducing Relative Humidity

Relative humidity (R.H) is the amount of moisture that the air contains compared to how much it can hold
at a given temperature. For example, amount of 100 percent means that the air becomes saturated. At this
point mist, fog, dew, and precipitation are likely to occur. When the temperature is at its lowest point of
the day, at dawn, the relative humidity is normally at its maximum. Even though the absolute humidity

may remain the same throughout the day, the changing temperature causes the ratio (R.H) to fluctuate.

In the building, the humidification system vaporizes water into the dry ventilating air to increase moisture
content, and achieve the desired relative humidity. In the humidification process, 1,000Btu is usually
required to evaporate one pound of water. This humidification process is taken into consideration for the \
health and comfort of occupants and to maintain the life of the building’s material. However, it is required
that building should reduce humidity during unoccupied periods. For ideal condition of R.H, usually
thirty percent R.H is recommended to start the calculations.

Problem Stating
Assume that the outdoor air rate be 4000cfin . Heat load is accomplished by reducing the R.H from 50%

RH (operational) to 30% R.H (unoccupied) in order to show energy saving opportunities. Under the
regular working load of 40hrs/wk , the energy saving can be calculated as,

o Degree Days = heating days + cooling days = 4066 + 252 = 4318 degree days
e At 4318 Degree Days > 4318 degree days x 24 hr = 103,632 degree hrs
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e For 50% R.H for 40hrs/wk > Energy used is 30 x10° Btu/ yr/1000¢fin
Refer to Appendix B, Figure 21
e For 30% R.H for 40hrs/wk > Energy used is 20x10%Btu/ yr/1 000c¢fm
Refer to Appendix B, Figure 21
e Energy difference between the two relative humidity levels (50% R.H & 30% R.H) is
10x10° Btu/ yr /1000cfin
e However, the scaling factor used in the graph is 1000¢fm ; four times smaller than outside air at
4000c¢fin , therefore, by comparison, the total energy saved is 40 x10°Btu/ yr .
o At 65% efficiency and at $12/1000# (price of natural gas), thus saving in natural gas is

$12 40x10°Btu/ yr
10002 ~ (1000Btu/ fi*)x 0.65

= $738/ year >

Therefore, by changing the relative humidity from 50% R.H to 30% R.H, when the building is
unoccupied results in saving of $738/ year .
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2.5 - VENTILATION RATE

HVAC system introduces outside air in the building known as ventilation to dilute air contaminants and

odours to the acceptable levels.

Sometimes scientists cannot successfully resolve complaints about the air in offices, schools, and other
non-industrial environments. Usually, high-populated areas elevate high pollutant concentrations, which
create complaints. Therefore, scientists came up with acceptable unit to calculate these complaints.
Assume that the inability to find a difference between air pollutant levels in buildings with registered
complaints and those without complaints is due to inadequacies of prevailing measurement techniques.
Fanger and his colleagues changed the focus from chemical analysis to sensory analysis (Fanger 1987,
1988; Fanger et al. 1998). Fanger quantified air pollution sources by comparing them with a well-known
source: a sedentary person in thermal comfort. A new unit, the olf; is defined as the emission rate of air
Pollutants (bioeffluents) from a standard person. A decipol is one olf ventilated at a rate of 20c¢fm of
unpolluted air.

In order to use these units, Fanger generated a curve that relates the percentage of persons dissatisfied
Wwith the air polluted by human bioeffluents. The Fanger’s curve is set up as a function of the outdoor air

Ventilation rate and obtained the following expression:

D =295exp (—3.66q°‘36) for ¢ >0.332
D =100 for g <0332

(2.5.1)

where, D is the percentage of persons dissatisfied and g is the ventilation/emission ratio in cfm.

PERCENT DISSATISFIED, PD

s ! 1 1 1 1 TR
] 10 20 30 40 50 60 70 80 90 100
VENTILATION RATE (q). cfm pes oif

FIGURE 5: Percentage of Dissatisfied Persons as a Function of Ventilation
Rate per Standard Person (i.e., per OIf)
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This curve (Figure 5) is based on experiments involving more than 1000 European subjects (Fanger and
Berg-Munch 1983). The idea behind the olf is that, sensory sources other than humans can also be
expressed in equivalent standard persons (i.e., in 0lfs). Therefore, a room should be ventilated to handle
the total sensory load from persons and building. The olf concept is used to determine required ventilation

rate for the building.

During cold weather, the air introduced into the building must be heated to the comfortable temperature
level thus, adding the heat load. In order to maintain acceptable indoor air quality, there is a specified
code of minimum values for outside air. Appendix D — Ventilation table incorporate model such codes
(values) that are recommendation of ASHRAE Standards.

For 44 Gerrard St. East, there must be at least 10 to 15 people occupying the building at any given time of
day. However, at the peak hours during class, it can range somewhere from 100 to 150 people. By looking
at these numbers, it can be said that ventilation requirement at night is minimal. Appointing someone to

shutoff or keeping the ventilation rate at the lowest rate thus help in reducing the heat load.

EiditiofipeoplesiVientilations: : a

5 5 25

total 5 5 25

Offices 5 5 25
i Classrooms 10 15 150
Studios 15 15 225

! Washrooms 11 10 110
{ Hallways 15 5 75
total 56 50 585

H Offices 3 5 15
| Classrooms 15 15 225
4 Studios 15 15 225
l Washrooms 4 10 40
d Hallways 7 5 35
' total 44 50 540
! Offices 5 5 25
| Classrooms - - -
Studios 15 15 225
‘Washrooms 3 10 30

| Hallways 7 5 35

total 30 35 315
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Problem Stating
With 135 people occupying the site, the measured ventilation rate is 5000cfin. Under the regular

working load of 40hrs/wk , the energy savings are,
e With 5000cfin, each person will have a supply of wventilation rate of

5000cfin

~37cfin/
135persons ofiml person

e Ifthe ventilation is reduced to 20cfin , this will result in ventilation reduction of

135 persons x 20¢fim =2700cfm > difference =5000~ 2700 = 2300cfin

At 4318 Degree Days > Energy used is 30x10° Bru/ yr/1000cfin
Energy used is 120x10°Btu/ yr (Refer to Appendix B, Figure 22)
2300c¢fm

® Saving in heating energy by %120x10° Btu/ yr= 276 x10°Btu/ yr

1000¢fin
* At 65% efficiency and at $12/1000 ft* (price of natural gas), thus saving in natural gas is

$12 276x10°Btu/ yr
1000/#* ~ (1000Beu/ f1*)%0.65

~$5095/ year >

Therefore, by reducing the ventilation rate from 37cfm/ person to 20c¢fin/ person thus results in

saving of $5095/ year .
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2.6 - INFILTRATION RATE

Generally, infiltration loads are depends on the amount of outside air leakage and the difference between
the outside and inside air. When the wind speed escalates then the air entering the building through the
cracks and openings increases thus increases the heat load. The determination of infiltration is an-
imprecise method. Therefore, a few generalizations based on assumptions can be made to solve the

problem.
0=1.1xCFM x AT (2.6.1)

An equation of heat transfer in air can be derived when the given density of air at standard pressure is

0.0761b/ f#*, and the specific heat of airis 0.24Btu/Ib°F

The turbulence or gustiness of approaching wind, and the unsteady character of separated flows affects
the surface pressures to fluctuate. Pressures discussed here are time-averaged values with an averaging
period of about 600s. This is approximately the shortest period for the “steady-state” condition when
considering atmospheric winds. The longest period is typically 3600s. Instantaneous pressures may vary
significantly above and below these averages (periods). Therefore, there is a possibility of peak pressures
two or three times the mean values. Although peak pressures are important with respect to structural loads

but mean values are more appropriate for computing infiltration and ventilation rates. Time-averaged

surface pressures are proportional to wind velocity pressure p, and are given by Bernoulli’s equation:

1
P.=5pPU; (26.2)

where, U, is the approaching wind speed at upwind wall height H, P, is the ambient (outdoor) air
density.

The difference between the pressure, p,, on the building surface and the local outdoor atmospheric
pressure (at the same level in an undisturbed wind approaching the building) is given by,
p,=C,p, (2.6.3)

where, C, is the local wind pressure coefficient for the building surface.

The local wind speed, Uy, , at the top of the wall from equation (2.6.2) is estimated by applying terrain '

and height corrections to the hourly wind speed, U,

met ?

from a nearby meteorological station.
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U, is generally measured in correspondence terrain (i.e., category 1 in Table 6). The anemometer that

records U, is located at height, H,,, usually 33 ft above ground level. The hourly average wind speed,

U, , at wall height, H, approaching a building can be calculated from U,,, as follows:
5me Amet H a
U, =U,. 7{-—!— (-E') 2.6.49)

met

TABLE 6: Atmospheric Boundary Layer Parameters

pryTE———

Large city centers, in which at least 50% of buildings are higher than
70 ft, over a distance of at least 0.5 mi or 10 times the height of the
3| structure upwind, whichever is greater

H Urban and suburban areas, wooded areas, or other terrain with

| numerous closely spaced obstructions having the size of single-family 0.22 1200
H dwellings or larger, over a distance of at least 0.5 mi or 10 times the )
height of the structure upwind, whichever is greater

Open terrain with scattered obstructions having heights generally less

than 30 ft, including flat open country typical of meteorological 0.14 900
station surroundings

| Flat, unobstructed areas exposed to wind flowing over water for at
least 1 mi, over a distance of 1500 ft or 10 times the height of the 0.10 700

structure inland, whichever is greater

When the hourly wind speed, U,,, , at a specified probability level is desired then only the average annual
wind speed, U, , is available from a given meteorological station (U, may be estimated from Table
7). The ratios U ot/Unmus @re based on long-term data available from 24 weather stations widely
distributed over North America. At these stations, U, usually ranges from 7 to 15 mph. The values

listed in Table 7 are one standard deviation of the wind speed ratios.

TABLE 7: Typical Relationship of Hourly Wind Speed U.,.
to Annual Average Wind Speed U ...

75% ' 0.5+0.1
50% 0.8+0.1
25% 1.2+0.15
10% 1.6 £0.2
5% 1.9£0.3
1% 2.5+£04
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In cold climate, the wind penetrates the north or west exposures of the building. Since 44 Gerrard St. East
has large number of windows on the west side of the building thus, a large amount of air infiltrates the
building. It is also observed that the majority of the windows accompanied on the west side are in either
classrooms or studios therefore, less attention paid towards closure or maintenance of the windows. The
north side of the building has considerably less windows but has exit doors to the outside. There is no
building on the north, south, and the west sides therefore, there is no direct wind blockage. In other
words, it can accommodate a big rate of infiltration to the interior of the building.

TABLE 8: Quantlty/Pernmeter of Windows and Doors

646.299
34 1157.606 2 79.244
16 525.858 1 38.047
25 744.095 - -
Total 3073.858 203.087

Older buildings without weather-strips are expected to experience 1.0 air change per hour during the
heating season. This means that a 10x10x10 ft room on the perimeter of a building may experience a
1,000 cubic feet per hour air exchange with the outdoor environment. By applying weather-strips to the
existing windows and doors can decrease the amount of air penetrating the building. Detailed analysis of
44 Gerrard St. East has been prepared with the installation of weather-strips to the windows to reduce the
heating load of the building.

Problem Stating

There are 20 windows to the north side with perimeter of 646 f¢ and 25 windows to the west side with
perimeter of 744 fi. All the windows are of Casement Steel type. Assume, there is a wind speed of
15mph and indoor temperature to be calculated at 70°F .

e At 15mph, Casement Steel Windows correspond to 1.5¢fin/ ft of crack. (Refer to Appendix B,
Figure 23)

o Total parameter = 646 + 744 = 1390 ft

o Total crack length =1390 ft x1.5¢cfim/ ft = 2085cfn

e Againat 15mph , with installation of weather-strip, it correspond to 0.25¢fin/ ft of crack. (Refer
to Appendix B, Figure 23)

o Total crack length = 1390 ftx 0.25¢fin/ ft =~ 348cfin
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¢ Thus, Reduction in infiltration = 1390¢fin — 348¢fin =1042¢fmm
* At 4318 Degree Days =  Energyused is 30x10°Btu/ yr/1000cfin
Energy used is 120x10°Btu/ yr (Refer to Appendix B, Figure 22)

* Saving in heating energy by 1042¢fm 120x10°Btu/ yr=125x10°Btu/ yr
- 1000¢fm

* At 65% efficiency and at $12/1000/#* (price of natural gas), thus saving in natural gas is

$12 125x10°Btu/ yr

T X 3 ~$865/winter =
1000/~ (1000Btu/ f*)x 0.65

® Therefore, by adding weather-strip to the windows, reduces the infiltration rate from 1.5¢fm/ ft
to 0.25¢fin/ ft, thus results in saving of $2307/winter. However, this saving comes with cost
of weather-strip installation.

® Assume, the cost of weather-strip for 45 windows of 40 fz‘2 is about $50 each. Therefore,
Cost = 45windows x $50 = $2,250 plus the installation,

Installation = 40windows x100each window labor = $4000, gives
Total Cost = $2,250 + $4,000 = $6,250.

$6,250
$2,307

® Then the payback period can be calculated, payback = = 2.Tyears

It will take 2 years and 7 months to pay back at the current rate of the natural gas price with the annual

saving in heating costs.
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2.7 - INSULATION

An obvious means to reduce energy usage is to insulate. Insulation is the practice of providing a surround
barrier within a building or to slow down the conductive flow of heat in other objects. A reflective barrier

is often added as an insulation to slow radiative heat flow.

Insulation material traps air in tiny pockets that restrict it from moving. Since the air cannot move freely
thus, it slows down the heat transfer rate. There are various factors, which affect the material
effectiveness. For example, some materials trap air more effectively than others, and produce the same

results with less material thickness.

Adding another layer or replacing the existing layer of insulation generally solves the heat loss problem.
The common insulations that are used commercially are made of cellulose or paper, rockwool such as
asbestos, glass fibre, and foamed plastics such as poly-styrene, poly-isocyanurate, poly-urethane or urea
formaldehyde foamed insulation (UFFI). A list of some of the typical insulations (R-value® Table 9)
provides good indication that what type of insulation used in particular area of the building. The whole
list of insulating material is available in Appendix D - Thermal Properties of Typical Building and
Insulating Material.

TABLE 9: Recommended R-values

13
Crawl Space Under Floor 13
Crawl Space Perimeter (Interior) 19
Crawl Space Perimeter (Exterior) 10
Wall 5
Duct 11
Pipe 3

Since most of 44 Gerrard St. East’s area was restricted for building personnel, therefore, some values of
the insulation thickness are assumed for calculation. However, Table 10 values give a good indication as

to what type of insulation used.

TABLE 10: Indoor Insulation in building

6919.213

20629.922 5
273.413 3
685.530 11
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From the Table 10, the insulation values used in various places around the building corresponds to heat
transfer rate of that particular area. Thus, by analyzing the 44 Gerrard St. East and installing better

Insulation saves energy and money.

Problem Stating
44 Gerrard St. East has heating degree days of 4066. The efficiency of the heating unit is 65% and the

price of the electricity is $0.08/ KWh . Using the temperature difference of 35°F, the energy that can be
save by upgrading to new insulation are as follows:
®  With the help of equation (2.1.9), total heat loss is,
® Sample calculation for Ceiling,
(6720 /*)x (35°F)

= - 0.028x10°Bru/hr > Q=0.028x10°Btu/hr
(13ar- fi* = F | Btu)x (0.65)

O =(5880hr/ winter) x (0.028 x 10° Btu/ hr) =164 x 10° Btu/ winter

e At (price of natural gas), thus saving is

$12/1000/#

$12  164x10°Btu/yr
1000/ 1000Btu/ f7’

~ $1,964/ year >

TABLE 11: Heat loss and Cost of Gas with existed insulation

T e & e

13 1.64E+08 1,963.99
6919 11 1.99E+08 $2,389.81
20629 10 6.53E+08 $7,837.75
273 3 2.88E+07 $345.74
685 11 1.97E+07 $236.60
| total 1.06E+09 $12,773.90

* Upgrading the insulation to reduce the heat loss and to save money and following the same

procedure as above to calculate the heat loss and the cost of natural gas gives:

TABLE 12: Heat loss and Cost of Gas with new insulation

21 1.04E+08 $1,251.81

20629 21 3.11E+08 $3,732.26
273 3 2.88E+07 $345.74
685 19 1.14E+07 $136.98

total 5.57E+08 36,682.59




e Thus, difference in cost = $12,773 - $6,682 ~ $ 6,091/year
o Therefore, by upgrading the insulation, reduction of heat loss rate and savings of $6,091/year.
e However, this saving comes with cost of insulation installation.

e Assume, the cost of insulation for 21,873 ft2 is about $10,000 plus the cost of installation based
on $10/ ft* is approximately $22,000 then, Total Cost = $10,000 + $22,000 = $32,000 .

$32,000

The payback period can be calculated as, payback =
o € pay P pay $6,001

=~ 5.3years

It will take 5 years and 3 months to payback at the current natural gas rate with the annual saving in
heating costs. In summer, no calculations are taken into account because the insulation does not help in

saving cooling load.
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2.8 - HEAT GAINS

Heat gain is associated with different categories such as lighting, occupancy, solar, and machinery. Heat
gain through lighting is the best solution to offset the reduction in heat load. According to current LE.S
(luminating Engineering Society) standards, lighting can account to half of the heating load. Secondly,
the number of occupants at the site could add up the heat gain along with the lighting, which normally has
an intermittent use. Therefore, it is worth to consider that lights can provide the preoccupancy heating and
thereby, saving in the heat load. One of the most important factors is the solar heat gain. When light
strikes through the building envelope, it raises the surface temperature and reduces the conduction losses.
In the case of 44 Gerrard St. East, most of the windows are facing the south side. This helps in the overall
heat load.

For fenestration heat gain, the following equations (2.8.1 — 2.8.4) have been generated in eQUEST,

Direct beam solar heat gain g,,:
g, = AE,SHGC(0)IAC (2.8.1)
Diffuse solar heat gain g,
6u=A(B, 4 E)(SHOC), C 032
Conductive heat gain q.:
g.= UA(EM _1;") (2.8.3)
Total fenestration heat gain Q:
O=q,+d,+4. (2.8.4)
where, 4 is the window area in ﬁz’ E,, E,, and E, are the direct, diffuse, and ground-reflected
irradiance calculated using the equations in Appendix A - Solar Equations. SHGC(6) s thedirect solar
heat gain coefficient as a function of incident angle 6, and (SH GC)D is the diffuse solar heat gain

coefficient (also referred to as hemispherical SHGC). T, is the inside temperature in °F, and T, is the
outside temperature in °F. U is the overall U-factor including frame and mounting orientation from
ASHRAE HANDBOOKS in Btu/ h- ft* F, and IAC is the shading attenuation coefficient, which is

equal to 1.0, if there is no inside shading device.
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CHAPTER 3 - COOLING

Cooling is the transfer of energy by virtue of a difference in temperature between the cooling source and

the space or air. In the usual cooling process, air circulates over a surface maintained at a low
temperature. This surface may be in the space to be cooled or at some remote location from it. Usually
water or a volatile refrigerant is used as a cooling medium. Similar to heating, the cooling load is reduced
by tightening the building envelope. Therefore, reducing the cooling load required by the building will
directly reduce the distribution system loads. In addition, one of the major factors that will reduce the

building load is by increasing the efficiency of the primary energy conversion equipment.

There are generally two components to cooling such as sensible heat, and latent heat. The amount of
moisture that liberates or absorbs by air is measured by its initial and final absolute humidities. Through
these humidities, building cooling load is determined. The difference between the dry bulb temperature
(which measures sensible heat), and the wet bulb temperature (which measures latent heat) must be

controlled for the comfort of the occupants.

Just as ventilation and infiltration adds the heating load in the winter, it also increases the cooling load in
the summer. Unlike heating load calculations, a simple temperature difference between inside and outside
air will not calculate overall cooling load of the building. Maintaining higher indoor temperatures and
relative humidity for longer period can decrease sensible heat gain. This will directly reduce the amount
of cool air supply and saves energy due to the reduction in the required fan horsepower. Similarly,

improving the coefficient of performance (COP) of refrigeration chillers or compressors will result in
significant savings.

Y
cor== @.38)

where, COP is the ratio of reﬁ‘igeratioh produced, Q (heat pump) in BTU, to the energy required to

operate the equipment, W (work consumed) in BTU.
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3.1 - COOLING LOAD CAUSED BY LIGHTS

One of the major components of heat gain in the interior zones is the power supplied to the lights. Heat
produced by electrical energy of the lights, which puts an extra burden on cooling load. Based on the

study from various publications, the storage factors from light fixtures that affect the cooling load is

discussed in detail below.

Cooling loads have been calculated for fluorescent fixtures recessed into the ceiling as shown in Figure 6,

7///////////////////////////// =

(| | DDEE} Exhaust Alr

3' : \1-9* R

' W

1-p W T
T

FIGURE 6: Thermal System of suspended ceiling with processed lights

The temperatures at each surface of the floor, ceiling, and in the space above the ceiling are found by
solving the set of heat balance equations. This set of equations is available in Appendix-A: Cooling
Calculations in Matrix form. The following graph (Figure 7) has been plotted with the help of Appendix

A: Cooling Calculations.
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FIGURE 7: Cooling Load for unventilated plenum, calculated
using different convection coefficients

The variation of the load with respect to time is represented by this expression,

0 Bt
==1-Ae 3.1.1
W ( )

The rate at which heat is being stored is,

W—-Q=WAe™ (3.1.2)

Thus, the total heat stored when the steady-state conditions are reached is,

[Twaear 4 (3.1.3)
0 B

where, the values of A can be computed from Figure 7, which is based on time the lights were on. The

variable B is a dummy variable and also be calculated from Figure 7.

The cooling load does not stop even after the power input to the lights has stopped, because of the stored

heat from the lights is released to the room air for quite a long period. If it is assumed that the heat

transfer coefficients remain the same whether the lights are on or off, then the cooling load after the lights

are turned off is given by,

(&), ~(-e)-{1- a0 e s

where, the lights are on from £ =0 to t =M hrs.
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When ¢ =24hrs, the values of B (heat to work load ratio factor, Figure 7) are small enough so the term
e canbe ignored. Assuming, that the lights are on for M hours and off for M — 24 hours , then the

Cumulative cooling load is,

Z( % ) =1—Ade™™ + (l _ Ae—B(!+24)) _ (1 —A e—B(t+24—M))
<M

4 3.1.5)
+ (l —A e—B(t+48)) _ (l —A e—B(l+48-M)) e

These infinite geometric series can be summed into,

_ -B(24-M)
Z(g) =1—Ae'B'-l—mf- (3.1.6)
d W <M 1-¢
and when M <t <24
A(e™ -1)e™
Z(-Q—) = ( _241 (3.1.7)
T \W Jyrccas l-e

ACTUAL COOLING LDAD

STORED HEAT REMOVED

LIGHTS ON LIGHTS OFF
TIME , HOURS

FIGURE 8: Storage Load factor for unventilated plenum

The above graph (Figure 8) shows the relationship between the stored heat and the actual cooling load. As
the lights turned off, there is a dramatic drop in the actual cooling load curve but it does not completely
stop the cooling load till the next day when the lights turned back on.
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3.1.1 - Cooling Load Weighting Factors for Lights

Due to the irregular schedule of lights operation, a weighting factor method can help in calculating the
cooling load of lights. Thus, the cooling load at any time, ¢, is

O="r*W,_, (3.1.8)
Jj=0
where, W,_,, is average power input of the lights during the interval between # — JA and ¢—(j+ I)A
hrs.
The weighting factors 7, are simply the values of Q/W at t = ( Jj+ I)A hr for the case where the lights |

areon from ¢ =0 to £ = A, and are off thereafter,

forj=0 r=1-A4e®

3.1.9
forj21 r =A(1_e"BA)e-jBA (3.1.9)

The values of 7, get progressively small as j increases and therefore, they becomes negligible for large

values of j . Thus, the summation for Q can be stopped after a finite number of terms; the actual number

of terms depends on the magnitude of BA, and the precision required.
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3.2 - INCREASING INDOOR TEMPERATURE

If there is no one to comfort during unoccupied hours then most of the energy goes to waste. Therefore,
there can be a lot of saving with the amount of time the cooling unit allows temperature, and humidity to

rise,

Based on the analysis of 44 Gerrard St. East, raising the indoor dry bulb temperature during unoccupied
hours from 70°F to 78°F will decrease the cooling load. Below is the energy saving table of relative

humidity when the temperature rises by different intervals.

TABLE 13: Energy Saving with Increasing Indoor Temperature
(Btw/hr/1000cfm for each I°F increase)

ey s,

Problem Stating
Assume, the outdoor air rate is 4000¢fin , the relative humidity is 50%, and the COP is at 3.5.
o In order to get the relative humidity level from 70°F to 78°F, add all the energy savings over

the total temperature change,
0+ 2700 + 2657 + 3000 + 3000 + 3000 + 3000 = 17,357 Btu/ hr /1000cfm

e For an outdoor air rate of 4000cfin , savings will be, 4x17,357 = 69,428Btu/ hr

e Under the off-office hours of 128hrs/wk and the cooling season of about 17 weeks, then the
yearly energy saving is, (69,428Btu/hr)x (128hrs/ wk)x (17wk) =151x10°Btu/ yr

e Energy saved for a mechanical refrigeration system with a COP of 3.5 will be

6 6
151x10 =4314x106Btu/yr or 43.14%x10 Btu/yrz1264OKWh/yr
— 3,413Btu/ KWh

34



At $0.08/KWh,  thus  saving  for  mechanical refrigeration system  is
$0.08/kWh x12640kWh/ yr = $1,011/ year . > R

Therefore, by raising the indoor dry temperature, reduces the cooling load, thus saves $1011/ year.

3.3 - INCREASING RELATIVE HUMIDITY

The recommended dry bulb temperature for most of the building during peak loads is from 72°F to 78°F,

and the relative humidity is 50%. Table 13 is used as a guideline for the recommended dry bulb
temperatures at different intervals and relative humidities.

Applying these guidelines while controlling the dry bulb temperatures and the relative humidities
accurately and logically for short periods can accumulate savings without discomforting the occupants.

Analyzing 44 Gerrard St. East by applying these suggestions and raising the relative humidity from 50°F
to 60°F saves energy through the following steps:

Problem Stating

Assume, the outdoor air rate is 4000¢fin , wet bulb temperature is 8500 degree hours, and the COP is at
3.5.
At annual wet bulb temperature degree hours of 8500

* At 50%RH gives 27x10°Btu/yr/1000cfin  (Refer to Appendix B, Figure 24)
o At 60%RH gives 23x10°Btu/ yr/1 000c¢fin  (Refer to Appendix B, Figure 24)
o Therefore, the difference between the two relative humidites gives,

Energy Saving = (27 X 106) - (23 X 106) =4x10°Btu/ yr/1000cfin

¢ For an outdoor air rate of 4000¢fin , savings will be, 16x10°Btu/ yr
* Energy saved for a mechanical refrigeration system with a COP of 3.5 will be

16x10° 4.6x10°Btu/ yr
3,413Btu/ KWh

e At 30.08/KWh (price of electricity), thus saving for mechanical reﬁ'lgeratlon system is
$0.08/kWh x1,347kWh/ yr ~ $108/ year > '

=4.6x10°Btu/yr or

~1,347KWh/ yr

Therefore, raising the indoor relative humidity reduces the cooling load, thus saving of $108/ year .
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3.4 - VENTILATION RATE

Outside air introduced through air-conditioning equipment results in sensible and latent loads. Cooling
and dehumidifying outdoor air consumes a large amount of energy. Reducing the quantity of ventilation
to a minimum (which also falls in the comfort zone) results in substantial energy and money savings.
Usually, the recommended ventilation rates for summer follow the same suit as winter. Appendix D -
Ventilation Chart shows the ventilation rate for summer season as well as winter season. Since the wet
bulb temperature can be closely approximated with the enthalpy’, therefore, the difference in wet bulb
temperature between outdoor air and room conditions can also be used to determine the energy required
for cooling and dehumidification.

Most of the analysis here resembles heating season ventilation rate. Therefore, examining 44 Gerrard St.

East by reducing the ventilation rate of the building for cooling season provides similar results.

Problem Stating
With 135 people occupying the site and at the regular working load of 40hrs/wk , calculate the energy

savings if the indoor relative humidity is 50%, annual wet bulb degree hours are 8500, and the COP is at
3.5.

e Reduce the ventilation rate from25c¢fin to 15¢fim with 135 people occupying the building, thus,
the difference between the two ventilation rates gives,

o Energy Saving = 135x(25cfin—15¢fm)=1350¢fm

e Annual Energy Usage = 24.5x10°Btu/ yr/1000cfin (Refer to Appendix B, Figure 22) with
40hrs/ wk , 50% of indoor relative humidity, 68°F of indoor temperature, and 4318 degree days.

e Total Energy Saving =Ggggcz)(24.5 %10° Btu/ yr/1000gfin) = 33.1x10° Brue/ yr
C]

e Energy saved for a mechanical refrigeration system with a COP of 3.5 will be

33.1x10°Btu/ yr

=9.5x10°Btu/yr or
3.5

Reduction in Energy input =
. : 18.9x10°Btu/ yr
Reduction in Energy input = ~2,783KWh/ yr
By P =3 A 13Btul KWh ‘
e At $0.08/KWh (price of electricity), thus saving for mechanical refrigeration system is
$0.08/ KWh x2783KWh/yr = $223/ year > Savil
Therefore, by reducing the ventilation rate from 25¢fm/ person to 15¢fin/ person saves $223/ year .
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3.5 - INFILTRATION RATE

The amount of infiltration is much lower during hot weather than cold weather because the difference
between the milder winds and the lower temperature cause less of a chimney effect. The chimney effect is
the tendency of heated air or gas to rise in a duct or other vertical passage, such as in a chimney, small
enclosure or building, due to its lower density compared to the surrounding air or gas. Therefore, the
occupants of the lower floors will feel cold drafts, while the occupants of the upper floors will be

suffering from the heat. For that reason, air changes rate should be estimated lower for summer than for

winter.

Even though the infiltration level is small in summer compared to cold weather, it still affects the cooling
load. Unlike ventilation, infiltration increases the load as an additional room load. Since leakage occurs
all year around, therefore, it creates a big load especially during night time because temperature is usually

less than most of the day.

According to the study, if windows and doors are weather-stripped in older buildings then the infiltration
rate can be reduced by approximately one-third. The calculations for the cooling season follow the same
pattern as the heating season. However, due to the low wind velocity and infiltration rate, the savings will

be less with weather-strips add-ons.

Problem Stating
There are 20 windows to the north side with perimeter of 646 Jt and 25 windows to the west side with

perimeter of 744 f¢. All the windows are of Casement Steel type. Assuming there is a wind speed of

10mph and indoor temperature at 68°F . Under the regular working load of 40hrs/wk , the energy

saving can be calculated if the indoor relative humidity is kept at 50%. Assume, annual wet bulb degree
hours are 8500 and the COP is at 3.5.

* At 10mph, casement steel windows correspond to 0.95¢fin/ ft of crack. (Refer to Appendix B,
Figure 23)

o Total parameter = 646 + 744 = 1390 ft

o Total crack length =1390 ft x 0.95¢fim/ ft ~1321cfin

e Again at 10mph, with installation of weather-strip addition, it correspond to 0.2¢fin/ ft of
crack, (Refer to Appendix B, Figure 23)

o Total crack length = 1390t x0.2¢fin/ fi ~278cfm
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¢ Thus, Reduction in infiltration = 1321¢fin — 278¢fin =1043¢fm

e  Annual Energy Usage = 24.5x10°Btu/ yr/1000cfin (Refer to Appendix B, Figure 22) with
40hrs/ wk , 50% of indoor relative humidity, 68°F of indoor temperature, and 4318 degree days.
e Saving in cooling energy by

(_1 043cﬁ”J(24.5 x10°Btu/ yr/1000cfin)= 256 x10Btulyr o

1000¢fin

25.6x10°Btu/ yr
3,413Btu/ KWh

Jz 7501KWh/ yr

o At $0.08/KWh (price of electricity), the saving for mechanical refrigeration system is
$0.08/ KWh x7501KWh/yr ~$600/summer > SaVine s 000 summer)
e Therefore, by adding weather-strip to the windows, reduces the infiltration rate from

0.95¢fmn/ ft to 0.2¢fin/ ft, thus results in saving of $600/ summer .

The savings of winter season through infiltration is $2,307/winter with cost of weather-strip installation of

gives, Total Savings = $2,307 + $600 = $2,907/ year >

Then the total payback period can be calculated, Total payback =

It will take 2 years and 2 months to pay back at the current rate of the electricity prices.
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3.6 - SOLAR HEAT GAIN

A significant amount of solar energy is available for heating, which needs considerable effort to design
cost-effective applications. One that has proven successful is the heating of domestic hot water. Most

solar applications will require some form of subsidy for the project to be economically viable for the user.

Many older buildings have windows that were installed only for their aesthetic value. Such windows
contribute to unnecessary heat losses. This problem can be eliminated by blocking up the window
openings with insulation such as installing wood furring covered with gypsum board. However, installing
the insulation around the windows sometimes costs more than it can save. Therefore, altering the solar

radiation by treating the windows with shading screens is a good solution.

Solar heat gain plays a big part to the cooling load of 44 Gerrard St. East. The ratio of window to wall
area on the east, west, and the south sides is 20 percent or more with insulated glass and 50 percent or
more with clear un-shaded glass exposed to direct sunlight. Annually, almost 80 percent of the solar
radiation strikes vertical single sheet of clear glass surface transmits through the windows. Overall, in

order to reduce solar gain in the summer, without limiting winter heating, awnings are installed over the
windows.

TABLE 14: Llst of Devnces to mcrease Shadm Coefficlent
o vith' enr ‘W '

0.15-0.35 0.10- 0 29
0.18-0.51 0.12-0.45

Table 14 shows various shading devices that provide screen against the direct sunlight by increasing the
shading coefficient. Shading coefficient is the measure of the average solar radiation that passes through
the window or shading device, compared to the radiation that passes through the window of standard clear
one-eight inch double strength glass of the same size and orientation.

Energy can be conserved by blocking the solar heat to enter the building through windows. Table 14
shows that the shading coefficient increases with insulating glass and blind closed. Therefore, simple
solution is to install blinds and tint the windows.
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CHAPTER 4 - Lighting

4.1 - ELECTRICAL SYSTEMS

The electric system is an integral part of a building’s overall design. Nearly all mechanical equipment
such as air conditioners, pumps, fans, and lighting systems, is powered by electricity. Lighting takes up

50 percent of the building’s total load.

4.2 - LIGHTING

Lighting is the essential part of the building and occupant’s comfort. However, this comfort comes at a
major expense to the building’s energy usage. Electric lighting also holds significant contribution to the
internal heat gain in buildings. In order to conserve energy through lighting, consider the following
points:

1. Utilize available daylight more effectively for illumination.

2. Improve lighting system efficiency by making more frequent fixture maintenance.

3. Control the levels of illumination for different task locations or reduce them in between the tasks.

4

Switch off the lights at night time and possibly during unoccupied hours and areas of the
building.
5. Use more efficient light sources for better quality of lighting.

Table 15 shows all the major lighting gain units for 44 Gerrard St. East, and Appendix D - Light Fixtures
for detailed lighting power-density chart. Table 15 clearly shows that the majority of the lighting system
consists of Incandescent type A-99 bulbs. However, there are a number of Fluorescent type Medium
Bipin lights located either in the classrooms or in hallways. Since Incandescent bulbs consumes large

amount of energy than Medium Bipin therefore, replacing the Incandescent bulbs with Medium Bipin

lights helps save energy.
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100 Medium Bipin 20
Classrooms 41 Medium Bipin 20 2.36
Studios 95 A-99 53 2.60
Washrooms A-99 53 1.40
Change 40
Room
Hallways 90 Medium Bipin 20 1.40
total 409
18 A-99 53
Offices 65 Medium Bipin 20 2.33
Classrooms 201 Medium Bipin 20 2.32
Studios 169 A-99 53 2.60
Washrooms 4 A-99 53 1.42
Hallways 31 Medium Bipin 20 1.39
total 488
40 A-99 53
Offices 100 Medium Bipin 20 2.36
2| Classrooms - - - -
Studios 215 A-99 53 2.60
¥| Washrooms 4 A-99 53 1.42
¥ Hallways 31 Medium Bipin 20 1.39
total 390 B
Generally, the instantaneous rate of heat gain from electric lighting is calculated from,
9, =3.41WEF,F,, “4.2.1)

where, g,, is the heat gainin Btu/h, W is the total light wattage in W, F,, is the lighting use factor, F.

sa

is the lighting special allowance factor, and 3.41 is the conversion factor. An analysis was conducted to

indicate the potential savings for the 44 Gerrard St. East by controlling lighting systems.

Problem Stating
There are 675 A-99 light bulb fixtures and 394 Medium Bipin lights fixtures installed on the site. A-99
carries 53W/lamp whereas, Medium Bipin lights carries only 20W/lamp. The light intensity for A-99 bulb

and Medium Bipin light is 1.7W/ ft* and 1.6 / fi* respectively. There are total 130 days of summer,
and the total size of this location is 21,873 f*. Reduce the lamp watts by installing dimmers.

e If the lamp power (watts) have been reduced by 50% then,
Reduction in A-99 watts = 675lamps x 0.5x 53W / lamp = 17,888w

Reduction in Medium Bipin watts = 394lamps x 0.5 x 20 / lamp = 3,940
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e Overall Reduction in watts = 43655 — (17888 + 3940) =21,827W

* Since there are 365 days in a year, therefore,

Total Power = 365days x 24hrs/ day x 2182TW =191x10°KWh

®  With mechanical refrigeration of 3.5,

3
l9lx;05KWh ~ 55x10°KWh

* At 50% reduction and at $0.08/kWh (price of electricity) , thus saving of
Savings = 0.08/ KWhx 55x10° KWh =~ $4,400/ year ¥ =400
Therefore, by reducing the lighting watts by 50% saves $4400/ year . However, this saving comes with

Reduction in energy input =

Cost of dimmers installation.
e Assume, the cost of dimmers for 675 A-99 light bulb and 394 Medium Bipin lights are about $9

and $40 each respectively. Therefore, Cost= (675x $9) +(394x $40)=$21,835 plus the
installation, = Installation = (675+375)lamps x ($10 each dimmer labor) = $1,050

gives, Total Cost = $21,835+ $1,050 = $22,885.

22,885
¢ Then the payback period can be calculated, payback = $$4 400 =~ 5.2years

It will take 5 years and 2 months to pay back at the current rate of the natural gas price with the annual

Saving in heating costs.

4.3 - USING DAYLIGHT FOR ILLUMINATION

The sun is the earth’s source of free abundant light. It is the oldest and the most reliable light source.

Diffuse light from the sky (natural light) can be used to light the building’s interior.

Natural light creates an ideal match to control peak electrical demand by reducing the lighting systems
Operation. When daylight availability is greatest, it provides energy reduction at the most important
Periods (during peak hours). In addition to energy savings, there are many other benefits of day lighting.
Sunlight strikes the buildings adds variation and excitement to interior spaces and enhance occupants
comfort. Furthermore, the window size can play an important role in sunlight transmitting. For this site, it
is noticed that blinds are not used in most parts of the building. This helps decrease the heating load but it

Wwill increase the cooling load so it should be adjusted according to the situation and weather.
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4.4 - USING HIGHER EFFICIENCY LAMPS

Efficiency of lamps is usually measure in lumens or total useable light output per unit watt of electrical
power input. The efficiency of the lamp should include the power consumed by its accessories such as
lamp efficiency (lumens/watts), and net lamp efficacy. When considering high efficiency lamps, the
lamps with low lumens, low lamp efficiency, and low lamp rated life should be replaced. Higher

efficiency provides various benefits such as smaller heat load on the air conditioning,

Incandescent lamps are generally short-lived, and the real life of such lamps is even shorter when it is
installed in a fixture. They are among the poorest lamps in terms of efficacy compared to compact
fluorescent (PL) lamps. These lamps are about one-fifth as efficient as compact fluorescent (PL) lamps.

Replacing the existing incandescent lamps with compact fluorescent (PL) lamps shows that with the same

or improved intensity and properties, energy is conserved and hence saves money.

Problem Stating

Existing Medium Bipin type lamp Lighting System _

There are total of 394 fixtures of Medium Bipin type bulb with output of 20W, 3000hrs of operation,
1280 lumens, and ballast power loss of 15000. The price of A-99 is $8.95.

Proposed Low Pressure Sodium Lighting System
For 250 fixtures of Low Pressure Sodium lamp with output of 17W, 3000hrs of operation, 3060 lumens,
and ballast power loss of 8000. The price of PL is $12.95.

* Since, the lumens for this new type of light are almost 2 times greater then the existing light
therefore, not as many fixtures are required.

e Difference = 15000 — 8000 = 7,000 W
e At $0.08/kWh , thus saving of,

Savings =200 Ol’gg(’; 3000kr _ 61680/ year >

e Therefore, by replacing the existing lights saves $1680/ Year . However, this savings comies

with cost of new low-pressure sodium lamps. Assume, the cost of low-pressure sodium is $12.95
each, cost of fixture is $19.90 each, and installation cost is $10 per lamp fixture. Thus,
o Cost of lamps = $12.95x 250/amps ~ $3238
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e Cost of fixtures = $19.90 x 250/amps = $4975
e Cost of installation = $10x 250/amps = $2500
e Hence, Total Cost=3238+4975+2500=3510,713 to install then the payback period is

$10713
$1680

It will take 6 years and 4 months to pay back at the current rate of the electricity price.

=6.4years.

calculated as, payback =

4.5 - INSTALLING TIMER

Many buildings are left vacant after hours with equipment running, Usually, it is assumed that the last
Person to leave will turn off the equipment but it hardly happens and the left-on equipment costs energy.
If there are no maintenance associates to keep the equipment off at night then installing timers will solve
the problem. Any equipment such as compressors, pumps, and the lights that are not needed after hours

should be turned off through timers.

At 44 Gerrard St. East, during unoccupied hours, at nights, and on weekends, the equipment runs most of

the time, thus wasting energy. Turning off the lights and equipment after hours helps conserve energy.

Problem Stating
If one timer is installed on each floor to control the lighting timings for the power of 1000W per timer

Wattage consumption,
e If majority (50%) of the lights are to turned off for 365 days, for 10Ars at night,
Total Energy saved = 365days x10hrs/ day x 1000/ =3650KWh

e At $0.08/kWh , thus saving of,
Savings = 0.08/ KWh x 3650KWh ~ $292 > [Sayings

Therefore, by turning off the lights saves $292/ year . However, this savings comes with cost of timers.
Assume, the cost of timers is $250 each, and installation cost is $200 per timer.

Hence, Total Cost = (3x $250) + (3 $200/abor) =$1,350 to install then the payback period can be

calculated, payback = $1350 =~ 4.6years .

$292
It will take 4 years and 6 months to pay back at the current rate of the electricity price.
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CHAPTER S5 - HVAC SYSTEM

Heating, ventilating and air-conditioning (HVAC) systems can play several roles to reduce the

environmental impact of buildings. For example, by improving the performance of the air system, air
handling units, ductwork system, hot water piping, pumps, and motors. The primary function of HVAC
systems is to provide a healthy and comfortable environment for occupants.

Even the best HVAC equipments and systems cannot compensate for a building design with inherently
high cooling and heating needs. The greatest opportunities to conserve non-renewable energy are through
architectural design that controls solar gain, while taking advantage of passive heating, daylighting,
natural ventilation, and cooling. Therefore, the most critical factors in mechanical system are reducing the
energy consumption, and capital cost through heating, and cooling loads. By reducing the energy used for
moving and conditioning air, HVAC systems can save energy. However, a large amount of energy is

required to move air though ducts, dampers, coils, filters, louvers, diffusers, and grilles.

In order to conserve energy, the following points for the HVAC system should be considered:
¢ Improve the performance of the terminal devices to reduce their resistance to fluid flow.
o Lower the resistance of flow in the duct and piping system.
¢ Decrease fluid leakages and thermal losses from the piping.
e Reduce the fan and pump operation time.
o Improve the performance of the fan, pumps, and motors by maintenance.

*  Adjust the control systems to reduce simultaneous heating and cooling,
Overall, an HVAC system is simply a group of components working together. These components move

heat to where it is wanted (the conditioned space), or remove heat from where it is not wanted (the

unconditioned space), and put it where it is unobjectionable (the outside air).
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5.1 - DESCRIPTION OF THE TECHNOLOGY

A central or built-up HVAC system is custom-designed for a building. The components of a central

system fall into two broad categories: “primary components” and “secondary components™.

3.1.1 - Primary Components

Primary components, often called “central plant” equipment, convert energy from fuel or electricity into
heating and cooling energy in the form of hot water, steam, chilled water, or refrigerant.
®  Refrigeration equipment includes water chillers, and direct-expansion (DX) equipment. Chillers
use a refrigeration cycle to cool water from 42°F to 50°F and pump it to the chilled water-cooling
coils. Then, air is blown over the chilled water cooling coils to provide cool air.
®  Boilers produce hot water or steam to distribute to the heating coils. Though hot water is the most
common fluid, steam is sometimes used because of its high heat per unit volume. Both types of
boiler are typically 80-85 percent efficient. Gas is the most common fuel used in these boilers.
e Pumps circulate chilled water, hot water, and the cooling tower water. Centrifugal pumps driven
by electric motors are usually the most common type of pumps. When water flow varies with

changing loads, then pumps can be efficiently controlled with adjustable speed drives (ASDs).

3.1.2 - Secondary Components

Secondary components, sometimes called “system” equipment, deliver heating and cooling to the
occupied spaces.

* Air handling equipment may be centrally located or several air handlers may be distributed
throughout a facility. Most facilities use packaged air handlers but built-up air handle may only
be found in large facilities. All air handlers adjust air temperature, humidity, and remove dust and
other particles from air before distributing through ducts and shaft. This is accomplished through
a series of coils, filters, humidifiers, fans, and dampers.

o  Terminal units are devices at the end of the duct or pipe that transfer desired heating or cooling.
Commonly used types with central HVAC systems include fan-coil units, induction units, and
convectors.

e Controls are used to make components work together efficiently. They turn equipment on/off,
adjust energy outputs (chillers, boilers), adjust flow rates (fans, pumps, coils), adjust temperatures
(air, water, thermostats in conditioned spaces), and adjust pressures (ducts, pipes, conditioned

space).
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5.2 - TYPE OF HVAC SYSTEM USED

5.2.1 - Packaged Multi-Zone with HW Reheat

After the inspection of the site and various documents, it is determined that the building is equipped with
Multi-Zone packaged with hot water coils. As the HVAC name implies, it is a direct packaged expansion
cooling system with hot water heating. System includes a variable volume, and a single duct
fan/distribution system serving multiple zones, each with its own thermostat. Warm and cold air is nuxed

for each zone to meet thermostat control requirements.

FIGURE 9: Multiple-Zone terminal Reheat VAV |

Variable Air Volume (VAV) systems adjust the amount of cool air that flows to the zone. As the cooling
load decreases, a damper in VAV control box starts to close thus reduces the supply of cool air. A VAV
system saves fan energy because of this reduced airflow. If the VAV system serves zones at the
perimeter, which requires winter heating, then hot water coils in the VAV box reheats the air. In the VAV

system, energy efficiency can be imposed only after the VAV box has already reduced the cool supply air
to the minimum requirement for ventilation.

Complete schematics of the HVAC system is designed by inputting data into the eQUEST. The layout of
the system is available in Appendix C — Figure 28.
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3.3 - TYPE OF HVAC UNITS USED

5.3.1 - Horizontal Fan Coil Unit

It has two to four horizontal pipes that drive this unit by belt. It has a galvanized casing model fan coil

unit, It is installed above the ceiling or within a floor-mounted cabinet, with full access to internal

components. Its size ranges from 600 to 4000 nominal cfin.

" Threaded : Motor Drive Packages. -. ~ -Easy-Access 2-inch
Rod Suspension Filter Rack
~ {notpartofunit) .

No Too! Camlock
_ Access Panel

80/20 Heater
Element Wire

Interlocking
Disconnect Switch

Stainless Steel, Externally Insulated, :; ‘
.- Motor Mounting - Double-sloped Draln Pan L

FIGURE 10: Belt Drive Fan Coils

5.3.2 - Air-Cooled Condenser Unit

A rooftop unit consists of direct-drive motors, propeller fans, fan guards, motor mounts, and condenser

coils with optional integral subcooling circuit, and electrical junction box. -

FIGURE 11; Air-Cooled Condensers
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5.4 - BOILER & FURNACE

A variety of boilers and furnaces that operate today tends to lose a significant amount of heat through the
chimney or stack. They all have common characteristics and similar techniques that can be applied to
improve their efficiency. Conventional boilers and furnaces generally operate with low seasonal

efficiencies of fifty to eighty percent. They can achieve high efficiencies of eighty to eighty-five percent
but mostly they operate at part of a load.

Theoretically, for maximum efficiency, the combustion of natural gas requires a given fuel/oxygen ratio.

For complete combustion, air (the mixture of oxygen and nitrogen) is used in excess to provide the
necessary oxygen for burning.

There are many suggestions that can provide a solution for the complete combustion and make the boiler

and furnace run at an optimum level. Following points proves better efficiency and saves in twenty to
thirty percent. Below is the list of some of the suggestions:

e Clean airsides and maintain water level, or pressure to radiator.

e Seal all leaks into combustion chamber.

¢ Cleans and adjust burners each year, and monitor them periodically during the year.

* Maintain the lowest possible hot water temperature to meet the desired hot water needs.

e Schedule the boiler blow-down when needed, rather than fixed timetable.

The boiler model is characterized by two parameters, which represent the following heat transfer
coefficients:

* UA,,: between the flue gas and the environment in CC (Combustion Chamber)

o UA,,: between the flue gas and the water in HEX

NR_{;_ COMBUSTION |- C,OMgl}J\ngON T
CHAMBER S5 Toe
FUEL—p—  (CC) .  Tan é ‘
. Qpr.m 4 Toonl j,‘L“E" .
- GAS/WATER
WATER

FIGURE 12: Boiler Steady-State Modeling
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5.4.1 - Combustion Chamber Model
A mathematical description of this model helps calculate the flue gas mass flow rate and enthalpy, A, ,,

(inBtu/1b P ), at the flue gas/water heat exchanger (HEX) inlet. The calculated flue gas mass flow rate is

not necessarily the one associated with the specified value of the flue gas/water heat transfer
coefficient/area product. Therefore, the following empirical relationship is used to adjust the value of this

coefficient to the calculated value of the flue gas mass flow rate.

N =(1 +%Jn‘1, (5.4.1)
hf

B, = fEil 5.4.2
fein 141/ f (5.4.2)

0.65
1
UA =UA | —&— (5.4.3
( 44 )oalc Lad [ (17.1 s )raled :| )

Wwhere, & im 1S the known function of composition of combustion products and the flue gas temperature

at inlet of gas/water heat exchanger in Btu/lb, , and hy,,, is the gas enthalpy at outlet of gas/water heat

exchanger in Btu/ Ibf . fis the fuel to air ratio, and (n'zfg )med is the flue gas mass flow rate associated

with the specified value of gas/water heat transfer coefficient/area product in /b/min.

5.4.2 - Flue Gas - Water Heat Exchanger Model
The first step is to calculate the heat transfer rate, g, , across HEX1:

qg”' = 88WCfg (Z}g,in -1, w,In) (5.4.4)

Where, C &= is the heat capacity flow rate of flue gas and,

cp.fg'hfg
_ 1-exp[—NTU(1-c)] |

Eow = - Cexp [_ (l — C)] is the effectiveness for HEX1.

For a counterflow heat exchanger,

UA C
NTU = —2~ and c=-£ (5.4.5)
Ce C,

Where, Cp,<C,and C, = Cpltt -
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The temperature of flue gas leaving HEX1, T}, ,, can be calculated from,

ggw (]}g,m -T, w,ln) = (‘ng,ln - I}g,om) (5'46)
In HEX, heat is transferred from hot flue gas to the water,
qgw = Cw (T ‘:,oul - T w,ln) (5 '4'7)
Boiler efficiency is given by,
Dew
= 5.4.8
7 m X FLHV ( )

In order to show that the energy can be saved from boilers improved settings, the effect of amount of
excess air is the relative efficiency of a boiler.

Problem Stating

Boiler uses Natural gas as its fuel whose design heat output and the operating heat output is

265,000Btu/hr and 210,000Btu/hr respectively. The measured 0,% is about 8% and the unit-heat

exit temperature is about 350°F. If the unit runs 8420hrs/yr, then the cost of natural gas is
$12/10002°.

The ratio of the operating heat output to design  heat output is,

Operating Heat Unit _ 210000 N

OD= - — = ~
Design Heat Unit 265000

0.79

The ratio of average operation run to the whole year run is,

7= Average Yearly Hr of Operation _ 8420 -

= ~0.96
Total Yearly Hr of Operation 8760

In order to estimate the annual cost of the excess air for the boiler, (Refer to Appendix B, Figure
25)

If running at measured level, 8% 02 is cost = $6,000
However, if the boiler runs at optimize level of 2% O, is cost = $3,000

Thus, difference = 6,000 —3,000 = 3,000 >

Therefore, by running the boiler at an optimum level can save a lot in energy and money. Hence,

economically this could be the most favorable energy saving scheme.
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5.5 - REDUCING THE ENERGY CONSUMPTION OF FANS

Another major energy conservation technique is to reduce the fan operation hours, and the resistance to
air movement. During unoccupied hours, shutting off, or reducing the quantity of air supplied from the

fan can save heating and cooling loads.

The power required to provide airflow and static pressure could be determined from the following
equation:

P, =0.000157Vp (5.5.1)

where, P, is the air power in Ap, V'is the flow rate in cfin, and p is the pressure of water.

At standard air conditions, air density is equal to 0.075/b/ f#*. The power necessary at the fan shaft

involves inefficiencies of the fan, which may vary from fifty to seventy percent. This can be determined

from

P.=-4 (5.5.2)
d Nr

where, P, is the power required at fan shaft in hp, and 77,- is the fan efficiency in dimensionless.

Fan motor efficiencies generally vary from eighty to ninety-five percent, and drive losses for a belt drive

are three percent of the fan power. This can be determined from,
P F

EM ED

B,=(1+DL) (5.5.3)

where, P, is the power required at input to motor in hp, E,, is the belt drive efficiency in dimensionless,

E,, is the fan motor efficiency in dimensionless, and DL is the drive loss in dimensionless.

By analyzing the 44 Gerrard St. East, it is noticed that fans and ventilation system runs at high rate. Thus

improving the efficiency and reducing the fan speed saves money and energy.

PROPERTY OF ,
AYERSON UNIVERSITY LIBRARY
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Problem Stating
Assume if the fan runs at 7000¢fm , and its pressure inch water gauge is 2.5inch . Also, if it runs for
8hrs/day for whole yeari.e, 3000Ahrs/ yr , then,
e At 7000c¢fm with 2.5"w.g and 3000hrs/yr of operation, the energy consumed is
40%10°Btu/ yr (Refer to Appendix B, Figure 26)
* Assume if the fan runs at 5500¢fin, with 2"w.g and 3000Ars/ yr , then the energy consumed
is 25x10°Btu/ yr (Refer to Appendix B, Figure 26)
e The difference between the two is ,
difference = 40x10°Btu/ yr —25x10° Btu/ yr =15x10°Btu/ yr

15x10°Btu/ yr
3413Btu/ KWh
o At $0.08/KWh (price of electricity), the saving is,
Savings = $0.08/ KWhx 4395 ~$352/ year >

or

~4395KWh/ yr

Therefore, by reducing the fan operation run from 7000¢fin to 5500¢fin saves $352/ year . However,

even more energy can be cut back if fan can be shut off or its cfin reduced during unoccupied hours.
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< 5.6 - WATER SYSTEM

5.6.1 - Low-Flow Shower Head
Showers use significant amount of heated water at an expense of heating cost, and water consumption.
Heating cost can be controlled by reducing the temperature of the domestic hot water (DHW) to the
lowest possible level of the occupant’s comfort. Keeping the lowest acceptable water flow can save the

cost of both energy and the water.

By reducing the water flow, other options such as upgrading the showerheads can also decrease the water
consumption. Most conventional showerheads use about 5gpm and they are restricted to control water
flow rate. Installing new showerheads that can operate at a rate of about 2.5gpm can save money, and

provide satisfactory spray pattern rather than high flow rate showerheads. Analyze the replacement of old

showerheads to new ones.

Problem Stating
There are about 15 showerheads installed at 44 Gerrard St. East and the average duration of shower is

about 7 minutes. In other words, the flow rate per showerhead measured at 5gal in 65 seconds. The hot

shower water temperature is about 104°F, and the cold-water temperature is about 45 °F .

Showerheads

¢ Flow rate = (56g5a1

)60 min = 4.62gpm
s

e If10 showers are used each day for Sdays/week , weekly water consumption is,

Water consumption = (4.62gpmx 15heads) (7minx 10showers x Sdays/ week) =24,255gal | week
e Installing new shower heads rated at 2.5gpm, then the weekly water consumption is reduced to,
Water consumption = (2.5gpmx 15heads ) x (7minx 10showers x 5days | week) =13,125gal | week
e Weekly water saving is, Water saving = 24,255gal —13,125gal =11,130gal/ week

e At $0.006/ gal (price of water consumption), the saving in water is,

Savings = (11,130gal/ week)x ($0.006/ gal) = $67/week >
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\
X Therefore, installing new showerheads saves $3216/ year . However, this savings comes with cost of

new showerheads. Assume the cost for new showerhead is $50 each. Hence, Cost =15x$50=$750
plus the installation, Installation =15x$10/abor =$150.
Therefore, Total Cost =750+150 =$900

Then the payback period is, payback = w =~ 0.3 years

$3216

It will take 3 months to pay back at the current rate of the water consumption.

Water Heating Savings

o The energy required to heat the water at hot shower water temperature of 104°F, cold water
temperature of 45 °F, '

10/b " 1Btu
gal Ib°F

Energy required = 24,255galx (104 — 45)" F x ( ) =14.3x10%Btu

e Assume water heating boiler runs at 70% efficiency, then the gas required to heat is,

1.43x10” Btu
0.7x1000Btu/ f#*

Gas required = =20443.5 f*

o If the water heating temperature been reduced to 100°F from 104°F with the installation of new

heads, then the energy required to heat the water is,

10/b N 1Btu
gal Ib’F

Energy required = 13,125gal (100 - 45) x ( J =7.22x10°Btu

¢ At 70% boiler efficiency with the new heads installed, then the gas required to heat is,

7.22x10° Btu

Gas uired =
e = 5 %1008/ /7

=10314.29 fi*

e At $12/1000# (price of natural gas), the saving in natural gas is,

$12

Savings = —2__
Ve = 100047

x (20443.5 f* —10314.29 ft3) ~$46/ week >

e Total Savings = $3216 + $2208 = $5424/ year >

Therefore, installing new showerheads and reducing the water heating temperature saves $5424/ year . §
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3.6.2 - Water Savings
All the water of the buildings comes from the treatment plants, ends up in drainage, and is then processed
a sewage treatment plants. This process costs money, which comes out of the building energy bill. Thus,

reducing the water consumption reduces the cost, and the energy usage.

There are certain parameters that can be helpful for saving in water bills, such as:

*  Fixing the malfunctioned water fountains.
* Turn off the water in the toilets basins and installing automatic or one push button water taps.

* Installing manual urinal flush tanks.
e The flow of water should be reduced by modifying the water-cooling pumps, not by throttling the

flow.

5.6.3 - Plumbing System
Supplying water to the building is among the most critical services. A building is not suitable for human
occupation without water. Piping is required for water to transfer to different part of the building. Pipes
are generally made of copper, plastic, galvanized steel, and stainless steel. Copper is the most commonly

used water-piping material because of its strength and durability.

In order to keep the water temperatures maintained, piping insulation with thermal material such as

fibreglass, mineral wool, and the foam plastic are used. In 44 Gerrard St. East, the piping material is

copper, and the insulation material is mineral wool with an R-value of three.

It is important to recognize that the insulation retards heat flow but it does not stop it completely. If the
surrounding air temperature remains low enough for an extended period, insulation cannot prevent
freezing of still water, or water flowing at a rate insufficient for the available heat content to offset heat
loss. Insulation can prolong the time required for freezing or prevent freezing, if flow is maintained at a

sufficient rate. To calculate the time, @ in hours, required by water to cool to 32°F with no flow, the

following equation has been included in eQUEST:

DY T-T,
_ D Lizds 5.6.1
0 pCpﬂ'( 2) R,,ln|:Tf_];j| (5.6.1)
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where, 6 is the time to freeze, p is the density of water (62.4 Ib/ ft*), C » is the specific heat of water
(1.0Btu/Ib°F), D, is the inside diameter of pipe in ft (see Figure 13), and R, is the combined thermal
resistance of pipe wall, insulation, and the exterior air film (for a unit length of pipe). T; is the initial

water temperature in °F, T is the ambient air temperature in °F, and T, is the freezing temperature in

°F.

< D <
FIGURE 13: Time to Freeze Nomenclature

Thermal resistances of pipe walls and the exterior air film are usually neglected. Resistance of the

insulation layer for a unit length of pipe is calculated as,

=125
R, = 2”k1n(D2J (5.62)

where, D, is the outer diameter of insulation in f2, D, is the inner diameter of insulation in /1, and kis the

thermal conductivity of insulation material in Btu in/ fi* °F .
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CHAPTER 6 - RESULTS

Throughout the report, it is noticed that altering one or more parameters in the HVAC system is not

always beneficial. For example, fixing the infiltration problem for the cooling season indirectly ends up
costing more for the acceptable period. According to the ASHRAE standards, a payback period exceeding
six years is considered a loss in an investment. In the case of high payback periods, decisions are made by
the owners of the building to invest in such part of the project. Other factors can cover up the bad
investment part. For example, fixing the infiltration problem for the heating season saves a lot of energy
and money, and it can cover the cost in a reasonable amount of time. The infiltration payback period for

both seasons averages out to be two years. Brief descriptions of the observed results are explained in the

following paragraphs.

In the heating chapter, one of the issues that are discussed is reducing the indoor temperature during
unoccupied periods. After conducting the analysis, it is realized that when the temperature is set back

by 15°F, $2492 is saved annually. Furthermore, this simple procedure conserves
135x10°Btu/ ft*/ yr of energy. Subsequently, it is found that by reducing the relative humidity from
50% R.H to 30% R.H $738 is capitally saved annually. Along with that, the ventilation system of the
site is also examined. By conducting a detailed analysis on the system, it is concluded that by reducing

the ventilation rate from 37cfin/ person to 20cfin/ person, an energy saving opportunity of

276 x10°Btu/ yr is introduced. This translated to a capital gain of $5095 annually. Infiltration is a
big problem to any type of building and can cause big damage to the annual cost of energy bill.
Infiltration is hard to control, and generally, resolves based on the assumptions from various
researches. In order to reduce the energy consumption, proper precautions such as installation of
weather strip to each window is advised. The installation will approximately cost $6250, and it yields
a capital gain of $2307 annually. Evaluating the project in terms of the payback period, it is found
that the return on investment of weather-strip installation is covered within three years. The insulation
plays an important role in the heat transfer of the building’s interior and exterior. Applying the
insulation to various parts of the building can introduce a capital gain of $6091. Assume that the
insulation will cost approximately $32000, for which the payback period is approximately five years.

Figure 14 summarizes the capital saving opportunities for the heating season.
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Heating Season Opportunities
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FIGURE 14: Heating Season Opportunities

Similar to the first chapter, the second chapter deals with the cooling season. When discussing the cooling
load, lights play a big role in the overall effect of the energy consumption, discussed later in this chapter.
One of the simple cooling load energy saving techniques is increasing the indoor temperature from 70°F
to 78°F ; a capital gain of $1011 annually is achieved. Increasing the relative humidity and maintaining
a comfortable zone for the personnel at the site shows an additional saving of $108 annually. In addition,
when the ventilation rate is reduced from 25cfm/ person to 15¢fm/ person , savings of $223 annually
is realized. As per infiltration discussed earlier in chapter 3.5, the savings are not great compared to rest
of the parameters because wind velocities are generally slower in summer. However, a savings of $600
annually is found with the installation of weather strips. The cumulative savings from the winter and
summer season for infiltration are $2907 with an unacceptable payback period of two years. The figure

below summarizes the capital saving opportunities for the cooling season.

Cooling Season Opportunities
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FIGURE 15: Cooling Season Opportunities
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The fourth chapter, lighting, covers a major portion of the energy load. The simplest procedure to save
energy consumed by lighting is to switch off lights in areas that are ot required. It is most often
realized that lights are left on overnight when there is no one in the building, which enforces a load on
electricity. Reducing the lighting wattage by 50% by installing dimmers gains a capital of $4400
annually with a payback period of approximately five years. Installing higher efficiency lamps or by
installing timers to control the light timings proved to be beneficial. Proposing low-pressure sodium light
compared to Medium Bipin fluorescent lights translates into a capital gain of $1680 annually. This
lighting modification provides a payback period of six years and four months. Installing timers saves
up to $292 annually with an initial investment of $1350, and it has a payback period of six years and
four months. During daytime, natural light can be a good source for various needs such as, it can reduce

the electric load as well as the cooling load.

At the end, the HVAC system of the site is studied to determine any potential saving. An analysis is
conducted to determine how much energy can be saved from lowering the speed of a forward blade
fan. Optimizing the fan operation run from 7000cfin to 5500cfin gained a savings of $352 annually.
Theoretically speaking, if the boiler is able to operate at its optimum condition, a tremendous saving of
$2632 is achieved each year. It is very crucial to keep the boiler in an excellent condition, primarily
because it operates throughout the year. Thus, the energy wastage can be enormous. A complete layout
of the HVAC distribution system is designed in eQuest software that aids this energy audit and is
available in Appendix C - Figure 28. Since 44 Gerrard St. East has large number of shower stalls,
therefore, installing new showerheads saves $3216/year with the initial investment of $900, which
gives payback period of only three months. Also, conserving the hot water consumption at 70% boiler
efficiency with the new heads installed saves $2208/ year .

Table 16 gives the cost-reducing chart by practicing the methods mentioned throughout the report to

conserve energy.
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TABLE 16: Summary of Energy Saving Translated to Capital Savings

Case Description One-Time Costs  Savings per year Simple Payback

$ $ yrs
Alt#1  Set Back Indoor Temp $0 $2,492 0.0
Alt#2  Raise Indoor Temp $0 $1,101 0.0
Alt#3 ReduceR.H $0 $738 0.0
Alt#4  Incr.R.H $0 $108 0.0
Alt#5  Vent (Heat Season) $0 $5,095 0.0
Alt#6  Vent (Cool Season) $0 $223 0.0
Alt#7 Infiltration $6,250 $2,907 21
Alt#8  Insulation $32,000 $6,091 5.3
Alt#9  Dimmers $22,865 $4,400 5.2
Alt#10 Replace lamps $10,713 $1,680 6.4
Alt#11 Timers $1,350 $292 4.6
Alt#12 Improve Boiler eff $0 $2,632 0.0
Alt#13 Reduce Fan Energy $0 $352 0.0
Alt#14 Improve Shower eff $900 $3,216 0.3
Alt #15 Water Heating $0 $2,208 0.0

Figure 16 shows the payback period for all the parameters calculated based on various techniques after
the initial investment.

7.0

~ 6.01

w

— A R T terery

Z 507

3|4 : —

2 4.0

[ e AN SRS

o b

~ 3.0

g P SR R e O )|

8 20

>

] 7 N s e o SR e |

& 1.04

00 e T T e e e g 2 e o

§ F~w g g E 8 EET RS g
e Yy JHEEEEEE g
S § S g dF a2 g 3 A 3 S s £
S o g o & 3 S =
S 5 3 § g =5 S = ) B B
=] = [=9 > 2] -
= 5 X D v ©
% s e 2 & e
Bl £ E £ 2 &
g & LR = & E

FIGURE 16: Payback Period

The above graph (Figure 16) shows that replacing lamps incorporates a long payback period. Installing
timers help gain capital but due to the moderate payback period, they also might not be the foremost
parameters for the client. Therefore, the parameters that are most likely to attract the customer are those

with minimum payback period.
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CHAPTER 7 - CONCLUSION

Energy Management is the conservation of energy in order to achieve the lowest cost. By analyzing 44

Gerrard St. East, the rate at which the energy is conserved is remarkable. There are various
proportional observations through which energy is conserved that are discussed throughout the report.
These conservation techniques arise from the simple task of switching off lights when not needed, to
more complicated tasks suck as upgrading a complete heating unit. Each task comes with a different

price, but there is always a payback to cover the expenditure.

Inputting all the required parameters in eQUEST software provided interesting outcomes. Diagrams of 2D
and 3D models of the building along with the view of the entire HVAC system showed great help in
solving the energy conservation problem. Some of the inputs that are introduced in the software are either

based on various assumptions or based on researched studies.
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FIGURl: 17: Average Building Energy Consumption Rate

The access to different parts of the site was restricted to building personnel only. Thus, most of the time
values are assumed. However, carefully calculated assumptions led to close annual energy consumption

numbers. Figure 17 shows that the annual energy consumption for an average college is in the range of

150 x10° Btu/ 2/ yr to 300x10°Btu/ f*/ yr . However, the calculated annual energy usage from

eQUEST came out to be 278x10°Btu/ fi*/ yr (Appendix C - Table 19). Similarly, Appendix C -
Figure 33 shows the annual electricity consumption report for Ryerson Theatre School (44 Gerrard St.
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East) is 246,534KWh/yr, and the calculated annual site energy from eQUEST came out be
244 450KWh/ yr ; a percentage error of less than 1%.

TABLE 17: Monthly Total Electric Energy Comparison

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

eQUEST | 17.070 | 20.950 | 20.820 | 17.860 | 19.880 | 20.340 | 25.800 | 20.550 | 22.850 20.330 | 20.370 | 17.630 | 244.450

Hydro 19.590 | 21.582 | 22.246 | 22.578 | 16.602 | 15273 | 24.571 | 17.93 | 23.242 23242 | 22.744 | 16.934 | 246.534

Table 17 shows the monthly energy consumption from the eQUEST, and the Toronto Annual Hydro
Report for 44 Gerrard St. East. In comparison, Figure 18 shows the close resemblance between the two

results.Therefore, eQUEST results can be used as a guide to prove the energy conservation facts.
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FIGURE 18: Monthly Total Electrlc Energy Comparlson

If the cost of 1KWh is 8 cents, this means that the 44 Gerrard St. East spends $19,722 each year on
electricity plus the gas bill (approximately $16,500 ); a total of $36,222 annually. After conducting the

energy audit analysis, it is found that adjusting the usage of energy in various areas can reduce the cost to

$33,535 annually. This reduction shows an energy saving of approximately 9%. The energy audit of this

site is conducted in detail to illustrate energy saving opportunities.
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REMARKS

! Building load is the magnitude of the building heating, cooling and the amount of energy required to

maintain the desired indoor space conditions, temperature, and humidity levels and to operate the building
equipment.

2 HVAC (heating, ventilating, and air-conditioning) refers to the equipment, distribution network and
terminals that provide either collectively or individually the heating, ventilating or air-conditioning
processes to a building.

> Wet-bulb temperature is measured using a standard mercury-in-glass thermometer, with the
thermometer bulb wrapped in muslin, which is kept wet. 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, which is slower when the air is already full
of water vapor. For this reason, the difference in the temperatures indicated by the two thermometers
gives a measure of atmospheric humidity.

4 Dry-bulb temperature is the usual measurement for determining the standard of heating.

5 Building Envelope is a critical component of any facility since it protects the building occupants and
plays a major role in regulating the indoor environment. It consists of building’s roof, walls, windows,
and doors. The envelope controls the flow of energy between the interior and the exterior of the building.
The building envelope can be considered the selective pathway for a building to work with the climate-
responding to heating, cooling, ventilating, and natural lighting needs.

§ Distribution system load is a measure of the energy required to deliver energy from the primary
conversion equipment to supply the building load. In other words, the energy used in heating, ventilating
and air-conditioning systems to distribute hot or cold air or water is mainly for motor fans and hot or
chilled water or condenser water motor driven pumps.

7 Vapor Diffusion is the process by which water vapor spreads or moves through permeable materials
caused by a difference in water vapor pressure. It is the movement of water vapor molecules from regions
of higher absolute humidity to regions of lower absolute humidity.

8 R Value -“R” stands for resistance to winter heat loss and summer heat gain. Even though one type or
brand of insulation is thicker or thinner than another is, it will provide identical resistance to heat loss if
the R-value is the same. R-values can be added such as: if one has R-11 attic insulation and wants R-30,
then one can add an insulation material rated at R-19.

% Enthalpy is a thermodynamic function of a system. It is equivalent to the sum of the internal energy of

the system and the product of its volume multiplied by the pressure exerted on it by its surroundings.
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APPENDIX — A (ASSOCIATED FORMAULAS)

Degree Days

The determination of the Degree Days is based upon the daily maximum Imx and the minimum ¢
outdoor temperatures and the temperature rise resulting from the internal heat gain.

Heating Degree Days Cooling Degree Days
HDD =B—%’(tm +tmin) CDD =%(tmax +tmin)—B
1 1 1 1
Hy, = E(B - tmin) —Z(tmax - B) Cop = _Z-(tmax - B) _Z(B ~ Lin )
1 1
Hyp, ='Z(B‘tmin) Chp =Z(tmax —B)
Hoaﬁ@

Base temperature

Temperature

z
|

Lnin

Midnight Noon  Midnight ) Midmight _Neon ! v.frdnight
B= 12 (bngx + lrin) : B Y (R IR - :

Tempsrature
Temperature

Midoight Noon  Midnight . MidalghtNoon - Midnight
12 (Bteie) = V3 {lmax = B) "2 (fnax = B)= 4 (B~ 25)

nax

AP | Base temperature

niny

Temperature
a?él |
Temperature

Micnight Noon  Midnight

Midnight ~-Noon  Midnight
RYGE]

Y4 (max = B)

Heating and cooling degree-days is usually found at any weather network and in this case, from Toronto
weather network.

cos? of energy proposal

Simple Payback Simple Payback = :
annual saving - annual cost of saving
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Cooling Calculations

Here, the cooling at each time interval is just the sum of the heat transferred to the room air by convection

from the floor and the ceiling plus (-P % of the input power.

Heat balance equations can be set up as follows, using the room air temperature as the zero bases:
e At the surface of floor slab
1-P (

Q +-—2——'h]T +h,41 -T

ln) 0

I;n jX
j=0

~

where, .= Z onj g
j=
e At the lower surface of floor slab
P
Qz,n +_2-W—h2 (I;,n —I;, )+ hr32 (I; n —E,n) =0

J

where, Orn = iﬂm-fyf B iTz"‘" Z
e At the upper surface of ceiling panel " "
II;_:( o =T ) I (T =T ) By (B = T3 ) =0
e At the lower surface of ceiling panel
£ (B Toa) T (T =) =0

c

e Atthe ceiling plenum
P
h2( n cn)"‘h3( cn ”)—EW—ZCPYVIZ‘.H =0

These above equations can be expressed in matrix form for the simplicity of calculation in the form of

T, Ty o Ty, and T,
[M]-[T]=[K]

-_hl - hr4l —Xo ’ Yo 0 hr4l O -1

y; "hz - hr32 - Zo hr32 0 hz

k k
0 h, ——t—h,—h Ze
[M] - 32 Lc h3 32 Lc hB
k, k,

hya 0 ,_L— _L_ —hy—hy 0

|0 h, h, 0 —h, —h, =2C, V
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[ 1-P_ & = )}
i — ¥ +2 s X, - 2 Tn Y,
I;v" _§W+21;,n-jzj —ZY;.n-jX]
[7]=| . [x]-
T, 0
7, | 0
_Py
| 2 i

The cooling load due to lights after switched on,
Qn = thI’,n + h4T’4,n + 1 —ZP W

The first term represents the convection heat transfer from the upper surface of floor slab to the room air.

The second term is the transfer from the lower surface of ceiling to the room air. The third term is the
instantaneous heat gain from fixtures.
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Solar Equations

Solar Angles

All angles are in degrees. The solar azimuth ¢ and the surface azimuth y are measured in degrees from
south; angles to the east of south are negative, and angles to the west of south are positive. Calculate solar
altitude, azimuth, and surface incident angles as follows:

ET . (LSM - LON)

Apparent solar time AST, in decimal hours: AST = LST +

60 15
Hour angle H, degrees: H =15(hour of time from local solar noon) =15(AST —-12)
Solar altitude §: sin # = cos Lcosd cos H +sinLsind
Solar azimuth ¢ : sing = (sinsinL —sin 5)
cos fcosL
Surface-solar azimuth ¥ : y=90-y
Incident angle 6: cos@ = cos Bcosysin® +sin S cos @
where,
ET = equation of time, decimal minutes
L = latitude
LON = local longitude, decimal degrees of arc
LSM =local standard time meridian, decimal degrees of arc
= 60° for Atlantic Standard Time
= 75° for Eastern Standard Time
= 90° for Central Standard Time
= 105° for Mountain Standard Time
= 120° for Pacific Standard Time
= 135° for Alaska Standard Time
= 150° for Hawaii-Aleutian Standard Time
LST = local standard time, decimal hours
o = solar declination, deg
74 = surface azimuth, deg
0] = surface tilt from horizontal, horizontal = 0°

Values of ETand § are given in National Weather Report for the 21st day of each month.
Direct, Diffuse, and Total Solar Irradiance

Direct normal irradiance E

A
If >0 E., =|———|CN Otherwise, E,, =0
ﬁ DN l:exp (B/Sinﬂ)] €rwise DN

Surface direct irradiance E,,

If cos§>0 E,=E,cost Otherwise, E, =0
Ratio ¥ of sky diffuse on vertical surface to sky diffuse on horizontal surface
If cos@ >—0.2 ¥ =0.55+0.437cos6 +0.313cos’ 8 Otherwise, ¥ =0.45
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Diffuse irradiance E,

Vertical surfaces E;, = CYE,,

Surfaces other than vertical E, = CE,, (l +cos (D) / 2
Ground-reflected irradiance E, = E,,, (C +sin 8) p, (1-cos®)/2
Total surface irradiance E, = E, + E, + E,

where

A = apparent solar constant

B = atmospheric extinction coefficient
C = sky diffuse factor

CN = clearness number multiplier for clear/dry or hazy/humid locations. See Figure 5 in Chapter 33
of the 2003 ASHRAE Handbook—HVAC Applications for CN values.

E,  =diffuse sky irradiance
E, = diffuse ground-reflected irradiance

Py = ground reflectivity

Values of 4, B, and C can be found from National Weather Report for the 21st day of each month. Values
of ground reflectivity p, are given in Table 19.

TABLE 18: Solar Reflectances of Foreground Surfaces

Incident Angle
Foreground Surface 20° | 30° [ 40° [ 50° [ 60° [ 70°
New concrete 031 031 032 032 033 0.34
Old concrete 022 0.22 022 023 023 0.25
Bright green grass 0.21 0.22 0.23 025 0.28 0.31
Crushed rock 020 0.20 0.20 020 0.20 0.20
Bitumen and gravel roof | 0.14 0.14 0.14 0.14 0.14 0.14
Bituminous parking lot 0.09 0.09 0.10 0.10 0.11 0.12
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APPENDIX - B (RELATED GRAPHS)

Iﬁmcw L . A NI
0 muiiples:; ‘ © ‘Savingibty xA0Lpet-
sqc it peryesr

go e vset 20 3567 1eDC Rio gk} £

s | N
. S \5‘0 ‘o‘,

'FIGURE 19: Energy Saved by Night Setback
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FIGURE 20: ASHRAE Psychrometric Chart No. 1
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APPENDIX — C (EQUEST REPORT)

FIGURE 27: eQUEST generated 44 Gerrard St. East Outlook
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FIGURE 28: eQUEST generated HVAC System
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ANNUAL ENERGY CONSUMPTION BY ENDUSE

TABLE 19: Annual Energy Consumption by Enduse

Electricity Natural Gas

kWh (x000) MBtu
Space Cool 353 0
Space Heat 0 535:2
Hot Water 0 126.18
Vent. Fans 19.85 0.00
Pumps & Aux. 25.51 0.00
Misc. Equip. 44.93 0
Task Lights 43.84 0
Area Lights 75.03 0

Total 244.46 661.38

Area Lighting
Task Lighting
Misc. Equipment
Water Heating
Ht Pump Supp.
Space Heating
Exterior Usage
Pumps & Aux.
Ventilation Fans
Refrigeration
Heat Rejection
Space Cooling

14%

8%

81%

18%

Electricity Natural Gas
FIGURE 29: Annual Energy Consumption by Enduse (Pie chart)

Elmctne Lise (kWh »000 Fuel Lise (B1 1 %000, 00

FIGURE 30: Annual Energy Consumption by Enduse (Bar chart)
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MONTHLY ENERGY CONSUMPTION BY ENDUSE

Electric Consumption (kWh x000)
Jan Feb | Mar | Apr May Jun Jul Aug | Sep Oct Nov Dec | Total
Space Cool . - - 0.40 | 2.36 540 | 8.84 | 7.00 | 5.56 | 2.86 | 1.55 | 0.00 | 33.97
Space Heat - - - = - - = o - - _ _ _
| Hot Water = : - - - - - - s = = - B
Vent. Fans 1.70 | 1.74 | 1.72 | 1.64 1.63 1.63 | 1.70 | 1.59 | 1.59 | 1.64 | 1.63 | 1.69 | 19.90
i‘;’;‘_"s g 221 | 250 | 221 | 2.2 | 215 | 2.04 | 210 | 2.10 | 2.06 | 227 | 2,13 | 221 | 26.10
Misc. Equip. | 3.61 | 4.10 | 4.09 | 3.76 3.76 392 | 3.61 | 3.58 | 3.75 | 3.61 | 3.58 | 3.76 | 45.13
Task Lights | 3.53 | 3.92 | 3.97 | 3.67 3.67 3.81 [3:53 | 3.53 [3:65" | '3:53°"|"3.49" [ 3:67 | 43.97
Area Lights | 6.02 | 6.82 | 6.82 | 6.27 6.29 6.02 | 6.02 | 6.00 | 625 | 6.29 | 629 | 6.29 | 75.38
Total | 17.07 | 19.08 | 18.81 | 17.86 | 19.86 | 22.82 | 25.80 | 23.80 | 22.86 | 20.20 | 18.67 | 17.62 | 244.45
Gas Consumption (Btu x000,000)
Jan Feb Mar Apr | May | Jun | Jul | Aug | Sep Oct Nov Dec Total
Space Cool 5 = g E . - . 5 5 > 5 E -
| Space Heat | 112.41 10056 | 79.65 | 3535 | 17.13 | 3.61 | 047 | 0.63 | 530 |27.67 | 55.82 | 96.61 | 535.21
Hot Water 11.27 | 10.91 1294 | 11.69 | 10.94 | 10.47 | 9.13 | 9.80 | 9.05 | 9.22 | 9.74 | 11.02 | 126.18
Vent. Fans - - 5 . = : 5 - = B o B -
Pumps & ) . ) ) ) ) N ) : ) 3 ) :
Aux.
Ext. Usage " 5 . g = - - y = = = ~ .
Task Lights - 5 - = & : 5 = & B - - -
Area Lights = S 3 = 2 = - - . = = 2 -
Total | 123.68 | 111.47 | 92.59 | 47.04 | 28.07 | 14.08 | 9.60 | 10.43 | 14.35 | 36.89 65.56 | 107.63 | 661.39
Electric Consumption (kWh) o Gas Consumption (Btu)
(x000.000)

(x000)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

O
-

Exterior Usage
Pumps & Aux.
Ventilation Fans

=
7]
()

Area Lighting
Task Lighting
Misc. Equipment

3 [ G e

Jan Feb Mar Apr May Jun

L]
&
O
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Water Heating
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FIGURE 31: Monthly Energy Consumption by Enduse
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Monthly Total Energy Consumption

Monthly Electric Energy Consum

Elettne Consumption (kWh)

Gas Consumption | Btu}

FIGURE 32 Monthly Total Energy Consumptlon
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Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Total

Jan
17.070

20.950

20.820

17.860

19.880

20.340

25.800

20.550

22.850

20.330

20.370

17.630 | 244.450

Monthly Gas Consumption

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Total

123.17

110.99

92.02

46.52

27.55

13.53

9.1

9.86

13.83

36.38

65.05

107.1

655.1

-~ -

Ryerson University = s
Hydro Kwh Report. ; ; : g
Fiscal Year 2003 i
BUILDING Total OFKWH  May Jun Jul Aug Sep Oct Nov Dec ) , ‘
101 GERRARD S WK 1169 R (3 11,829 9.96 9.587 64603 9.587 13,447 2,700 200 §29 11,829
111 HOND NI YO0 123K 9.2 4 9,182 1,907 43809 9.52% 7.338 509 1123 5439 317 11.580
111 GERRARD S 133 5K 1.3 6 G 3n 10,210 979 0z 19044 10,127 16,622 42 4.1 R.E82
112 BONDST 63605 8467 5,230 % R0y 6973 > 8500 13,696 K6 16,467
137 BOND ST ¥ IR Y60 0,558 v 64 6931 5,830 <0 6,350 . RE 10,127 6641 830 5.56.
160 MUTUALS Vh0R3 63T 387978 472374 502 Set SII9AS 641 414 SIL380 SH20KY 46,135 $03.3%4 47347 3694 357.249
17 GOULD ST —_ 21313 122 L33 145 141 I 83 3 245 415 3 184 § 87
240 JARVIS ST V1,040,602 115,796 0% K0l 156,206 140,574 R2.410 147.422 172,327 (5,544 298,206 219919 {3.331
285 VICTORIA ST 343410 267452 249037 256249 241568 160.76 245,07 283,795 161,460 270,785 273 K20 00,520 270,161
300 VICTORIA ST v 456427 36,524 23 8387 0¥ 24902 29 X8 36,025 42,332 48975 58,106 49 %05 49,805 49 305
302 CHURCH ST V083538 90,977 13477 §4 004 61,426 7.7 05,625 105,586 0. 073 06,280 97 U409 01,27 106,250
325 CHURCH S v 00RASE 66,563 59,197 §0,122 71,403 6424 78330 %3820 73,058 77,656 77 656 72.7% $9.9%3
341 CHURCH ST, V422104 21958 28223 58521 46,050 41.504 3,524 35,278 34033 36,524 33003 315,278 15,278
361 VICTORIA ST 1,970,706 377,95 303,752 123,746 G1.535 44785 436006 420164 $8.88 411277  4{7530 45786l 425397
380 VICTORIA ST 13,310,040 987,581 1,305,190 6.7 (116,334 2357914 60807 902930 917503 1,004,311 1,122,615
@« ERRARD § 245534 16,602 5273 4571 1,242 22,744 6.614 19,500 21,582 22246 ..‘,,\7«)
50 GOULD ST 329204 27558 65016 210,84( 219 1518 202,540 104204 187,508 141,114 80,2358 104239
63 GOULD ST. 2379 2618 25,563 7254 20,752 278 1504 17,730 56.020 76,782 74.707 32,236 4.305
87 GERRARD ST 1145409 332656 314878 284749 289324 127.189 <4 356561 132261 412422 402498 44417 332,502

40285560 3073847 3246,525 3,802,831 3,849,134 3659998 3306238 3291539 3057921 3,429,003 3,028,746 3,482,347 3,397,429

FIGURE 33: Ryerson University Annual Energy Consumption Report
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APPENDIX — D (RELATED TABLES & FIGURES)

! TORONTO LESTER B. PEARSON INT'L A

L _ o 'ONTARIO
Latitade: 43° 40N Longitude: 79°36 W Eleration: 17340m
Climate ID: 6158733 WMO ID: 71624 - ICD:YYZ
‘  Monthly DataRepoﬂ for 2004 o )
M MeanMax }lg_a_p_ MeanMin ExtrMax IxtrMm " Total Toulb Tetal . SnowGrnd: Dirsf” Spdof
] Temp Temp Temp . Temp Ig_m_g Rain Suuw Precip  LastDay Max Gust Max Gust
fm °C . °C °C °C . °C mm cm | mm ecm 10'sDeg  kmh
f e BB B B ®?® =
h : :
B lpm. 52 94 35 . Bg 43 48 62 46 46 2 M
F  Fp 05 38 . 80 107 -192 54 172 208 s 2 10
& IMar 61 0 23 46 . 185 <103 518 142 634 0 3 e
o jgr mne 10 20 B0 66 66 06 62 0 318 . 788
CE iMay 184 132 78 2158 47 88 T eSO ' 31 51
5 Juw 20 . 176 121 318 66 68 00 68 0 s+ T8
5 Jul 252 207 161 305 114 1198 00 1198 0 29 57
£ Aug- 244 195 146 299 93 600 00 600 0 27 61
= Sep 238 . 184 129 201 63 252 00 252 0 34 57
© o jOet. 150 107 64 272 07 352 00 @ 352 0 2% 69
Novr 92 ~ 54 L5 149 46 620 28 . 648 0 31,18
Dec 12 . -28 61 119 243 539 369 - 904 8 23 7
Sum o : 6433 1349 7550 ’
jAg 128 82 36 o o
“Xtrm 318 243 _ B 23 78+
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Outdoor Air Requirements

for Ventilation

QOultdoor Alf Requitements

Estimated Maximum o
. Occupants per iy dmy/ v
Application 1000sq ft person sqft room
Dry Cleanerss, Laundries®
. commercial laundry 10 25
Ccommerclal dry deaner - 30 30
Food and Beverage Service
Dining rooms 70 20
Cafeteria, fast food 100 20
Hotels, Motels, Resorts, Dormitories -
Bedrooms 30
Living rooms 30
Baths* ‘ 35
Conference rooms 50 20
Assembly rooms 120 15
Offices
Office space® 7 20
Reception areas 60 15
. Conference rooms® 50 20
Public Spaces .
Cormidors and utilities 0.05
Public restrooms, ¢fmywe or cfm/urlnal' S0
Locker and dressing rooms : 0SS
Retail Stores, Sales Floors, and Showroom Floors
Basement and street 30 0.30
Upper fioors 20 020
Malls and arcades 20 0.20
Warehouses 5 0.05
Speclalty Shops
Beauty 25 25
Clothiers, furniture 0.30
Supermarkets 8 15
Pet shops 100
Sports and Amusement
Spectator areas . 150 15 )
* lce arenas (Playing areas) . 0.50
Swimming pools {pool and deck area)’ 0.50
Playing floors {gymnasium) 30 20
_ Theaters®
Lobbies 150 20
Auditoriums 150 15
Stages, studios 70 5
Transportation®
walting tooms 100 15
Vehicles 54 15
Workrooms 10 15
Education
Classroom 50 15
Laboratories’ 30 20
Libraries ' 20 15
Lockerrooms 050
Auditoriums 150 15
Hospltals, Nursing and Convalesmm Homes
Patient rooms' 0 2
Ovenating rooms 20 30 -
Autopsy r 0.50
Physical therapy 20 15
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Thermal Properties of Typical
Buildng and Insulating Material

Resistance, R

Thickness For thickness
Density, Condudiity,\ Conductance,C  perinch, (I\) listed 1/C

Descaription : I/t Bwin/hE . Bu/hAF h-PE/B P F/Blu
BUILDING BOARD ’
Boards, Panels, Subflooting, Sheathing
woodboard Panel Products
Asbestos-cementboard. cveesreenesocensicasres 120 40 e 0.25 -
Asbestos-cement board oovveereivsanees. 02510, 120 .- . 16.50 ) - 0.06
Gypsum ot plaster board, ,vvvivaie ... 0510, 50 - 2.22 L 0.45

Plywood (Douglas fif) vuvseesiieveacsinoncacnans 34 0.80 . - 125 -
Plywood (Douglas flr} veeeaneeceseeres.-02500. 34 - 320 . - 031
Plv\mod(Douglasﬂt)............,........O.SIn. 34 - 160 - 0.62
Vegetable fiberboard : )
Sheathing, regulardensity.... 18 - : 076 - - 132
Naitbase sheathing........ 25 - . 088 - M
Shingle hacker covvveseeeconnesn 18 - . 106 - 0.94
Sound-deadeningboard.ssvverenenss. 0510, 15 - 0.4 - 135
Tie and lay-In panels, plain 07 aCOUSHC «seeveee 18 0.40 - - 2500 . -
Laminated paperboard. soeuevevscersassacacns 30 050 - . 200 . -

‘Hardboard - : = ; . . o ) o

Mediumdensity.iveeeveceesss 50 0.73 - 137 -
Highdensty, std. tempefed Jieevsssssvevaseraes 63 100 - - 100 -

" Panticle board . . . ) Lo o
LOWAEASHY: s vvevasesiossorsionsecacssinnee .37 0.54 ) - 106 - -
 Medium density.cocesssiocsonenenees veeneres 50 0.94 o - 106 C -

Wood SubfloOr. ceeariececccen coerarensss 07510, - 106 - 0.94
BUILDING MEMBRANE . :
Vapor—permeablefelt .......... - - 1670 - 0.06
Vapor—seal, plasticfilm .c..oveerrnncscionncnns - - - - " . Negl
FINISHED FLOORING MATERIALS . :
Carpet and fibrous pad.eseveeeeenes - - 048 - 2.08
Carpetand rubberpad.cecerececerervaressevens - - 0.8t - - 123
TCITAZZO sasesscssoeccrrsensontosssosasssastih - - 12.50 - 0.08
“Tile—asphalt, linoleum, vinyl, rubbef........ee..n . © 200 - 0.05
Wood, hardwood finisheeeeeeaeee. ceveses 07510 - - 147 o © 0.68
INSULATING MATERIALS -
Blanket and Batt
Mineral fiber, fibrous form processed : R :
from rock, slag, or glass approx. 3.5 vcceesese 03-2.0 - CL 0077 - - 13
Board and Slabs - . )
Cellular glass. eeesseeecense s 85 0.35 - ' 2.86 -
Glass fiber, organicbonded «.ooveenriiiceeenees 4-9 0.25 - 4.00 -
Expanded rubber {rigld) e oocovaeiees 45 0.22 - 4.55 -
Expanded polystyrene, extrisded ’

‘Cutcellsurface. coeeneenss cevenssenasnresins 18 0.25 - - 400 -
Celiular polyurethane (R-11 exp.){unfaced), ....... 15 036 - 6.25 -
Cellular polyisocyanurate (R-11 exp.) (foil faced,

glass fiberreinforced COTe) .. oeneranconrronses 20 014 - 7.20 -

- NOMINAILOIN. cocvveennrscrassrasetoosvansne 5.0 029 - 3.45 -

~ Mineral fiberwithresinbinder..cveeeivrcercnnse 15.0 - 029 . - .. 345 -
Ineral fiberboard, wet felted . : C R : . _
M»cmeonooflnsulatlon............,. ceeeees | 16-T77 _ 0.34 . - . %:z . -
Acoustlcallll'c.........&&.a.................‘ 18.0 0.35 T .
neral fiberboard, wet molde o
MIAcousﬂcaltitle..-...........'................ 230 042 - . 238 ‘ -
ment fiber slabs (shredded wood : : Lo .
CemhPodlandcementblnder)................. . 25-220 0.50-0.53. - 2.0-189 -
m%&‘:sonmas........;........ 20-35 030 - 333 -
periite, expanded. . cuveencensacane 2.0-41 0.27-031 - 3.7-33 L

g UL aaa o 03-036 - 3328 -

e iseeeeasenes T4 036042 - 28-24 -
‘Mineral fiber {rock, slag, or glass)

ADDIOK.3T5=5 10 cvsercrnrrrnssasoniseasnes 0620 - - v ;;g

. approx.ﬁ.S-SJSln.......gas.........; seaese 0.6-2.0 - -

Mineral fiber (rock, slag, of glass) .

" apptax. 3.5 In, (dosed sidewall application ... 20-3.5 - - In n.0-140

 vVermiculite, exfollated coovevsnesacsssosioceeer 70-8.2 0.47 - : .

APPUED - - .
mlgl)ymeth:ncl’oam................;......... 15-25  036-018 . - g-;sj-;ﬁ‘ -
Spray cellulosic fiber base........ 2.0-6.0 0.24-0.30 - 3
PLASTERING MATERIALS : a p -
- Coment plaster, sand agQregale «..veveessieeess W6 50 o 020 008
Sand AGEIEFAIE cevereernrarrannassss 03751, — -o- B : -
Gypsum plaster: - . : -
LiﬁhM'::lghtanﬂtegate.;...............O.Sln. 5 - . - gfg
lightwelght aggregate on metal lath. ... 07518, — - 28 : -
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Thermal Properties of Typi
Buildng and Insulating Material

Resistance, R

. Thickness Forthickness
Density, Conductlvllyk Conductance, € perinch, (I/A) listed 1/C

Description- b/t Buindh it Btu/h-f'r hIPE/Btu hfe.F/Bty
MASONRY MATERIALS - R

Conaetes ) ’ .
CeMENIMONAl. vaereriarennrncrcneeansararsens n S0 - 020 -
Ughtwelght aggregates Induding........cc.e0e. 120 5.2 - 019 -

slags: cinders; pumlce; vermiculite, ....,..... ' 80 25 - 0.40 -
Perlite,expanded. ...c.ccovvnvriasiiarasnncensy 40 093 - 108 -
Sand and gravel or stone aggregate

(ovendried) c..cvivveaeneeiciciniierennnnans WO 9.0 - on -
Sand and gravel of stone aggregate -

MO Alied) . cvenererenntiancesonesaeecacenss WO 120 - 0.08 -
SIUCED. verenneneenons 16 5.0 - 0.20 -
MASONRY UNITS
Brick, COMMON .vuveerenciiiaavennennnecenansas 20 5.0 - 020 -
BACK faCe veveiivnrnnrerenacaressonnionances 130 9.0 - on -
Claytile, hollow: . .

Teelldeep.iciuererieienreernnnnnerees, 300, - - 125 - 0.80

2cellSdeeP..ccnnevarnrieinniniinnnna. . binL - - 0.66 . - 152

LS AOCP suereenneerrncereranernnenan 21in, -— - 0.40 - .2.50
Concrete blocks, three oval core:

Sand and gravel aggregate...... ..., .4 i, - - 140 - on
. - - 0.90 - m

- - 0.90. T e m
BN T PP 3 1. X - - 0.58 - 172

Lightweight aggregate -

(expanded shale, clay, slate ............4In. - - 0.67 L - 150

Or slag PUMICE).versnineracionsnoasa . BINL -— - 050 - 2,00
Stone, me, 0rsand...covsdvicieerireaenenansa - 1.50 - 0.08 -
- ROOFING
Asbestos-cement shingles. .. .veuinveverinnsores 120 - 4.76 - - 0.21
Asphaltroliroofing ...... Coversrsesrennasantans 70 - 6.50 - 015
Asphalt shingles............ veesserseasreennian 70 - 2,27 - 0.44
BUIIUP roofIng..vvuveveniennnrrnenas. . 0.37500. 70 - 3.00 - 033
Slale. . eeivireninnnn J PR | K1 | X - - 20.00 - 0.05
SIDING MATERIALS (on flat surface) )
Shingles - o

ASDESIOS-CemMBNL.eevsrrivineionannanas crane 120 - 475 - o

V004, 16 In,, 7.54N. €XPOSUI® veseerenrnns. PR - - us - . 0.87

Wood, plus Insult, backer board, 03125 in. ..... - - o - 140
Siding : : o

Asbestos-cement, 025 in,, lapped. ... .. ceevean - - 4.76 - 0.21

Asphaltrollsiding «..veeacen.. FIPPIN - - 650 - 015

Asphalt insulating siding (0.5 In. Bed.) . ........ - - 0.69 - 146

Wood, bevel, 0.5 + 8in.lapped....cceevernrer: - - 123 - Q.81
Aluminum or steel, over sheathing

Hollowbacked. covviiieienennenninnennns caes - b 161 - 0.61

Insulating-board backed nominal 0,375 in, ..... - - . 0.55 - 182
Architectural glass.oavuveerenanas teetensrrasves = -— 10.00 - 010
WOODS (12% moisture content) '

Hardwoods . -

(o) ST 41.2-46.8 u2-125 - © 0.89-0.80 -

MapIC. coueiieiiiiinieinaiinnnn 39.8-440  109-119 - 0.94-0.88 -
Softwoods : . . . ) .

SOUthempine ..ouvevvvrrennenn.. 35.6-412. 100-112 - ’ 100-0.89 -

Douglas fitdarch .ouoieeiveueniveneensanine 33.5-363  0.95-101 S e 106-099 = -

Californiaredwood. ... detetinrvevaranennan . 24.5-280  0.4-0.82 - 135-1.22 -
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General Characteristics of General
Type Used Light Sources

Comparison between types of lamps,

efficacy, life and applications

Lanen
tioh Source
Mwandesont Blament fakto No
good
Tunsata hatogen Goodie No
verv qood
towpomine dischange ) <] R 3K
Standard foorescent a0 (< towto we Good roor
goxd vy cuod oty gnod
Shruline fhorescent 20075 (30 Fanto favto - Vewy gaad [ S Yes Low Pooe
eand quond sood very doud
Hghous Susesnt . 35em faxw far (29 iy goat Rt s Good Poot
ood *good ool very o8
Very Ikvoutput hiorescent s fak o T’ Tt Very qood Tonto - [y Cood Toor
Qoo .. wod good wery oo
£nov-aviog N0 R Tan s ) Tau b ey guod towta ws Tow Poor
fioorescert {T-2} - ook ood X
High edlicacy Duarewent 11040 Gool God Yoor
. Compint fluorescent Smw Good
Tgtvinkesay dbx hirge e R
Aeroury : YT )
T
Very low
Motal e 3210100 Gond
1l prossane sodium 350%00 Tanto
oo -
NSTlres. iy 3
Loveprensure sudium VoW Fain o Far
very good quod
Cold cathade 01010 Low Very goad
_— | Typlcal|Rated Life,| .. Characteristic’ o -
c:ugon] Typﬁs - |eticacy] hours Features Typical Application
Ipw :
Incancescent Lamps General 10 %0 Easy (3 nstall. sasy touse:  [Gerarsl ighing i e rome,
Service and o to marvy ditferent versicrs, decorative hghting, localze
Q Q Q ? ' ? Reflector 25 . W00 [instant stan; tow cost Lghung, sccent 3nd
reflactor famps allow _ |#eceratva ighnng trefector
concentratad Lt beams. tamps}
’ Halogen 15 1000 - [Compact highhghtcwiput.  |Accent ignting. foocngntng
' c ;’ ' S to white Iight; easy to nstal; .
. . 38 4000 oeg fife cormpared with
- .{O g g . normal incandescent lamps
Fluorescentlamps . ' Tuduiar 50 12000 |Wigecheice of lightcolors;  [AM Kinds of comumercial and
Evra—— fo to high lighting laveis p i public building 9
: iﬁ 3 - 24803 leconcmicalin use homs ighting
|-
L . “|screwin 50 9000 [Enargyfelfectve; divect Mast appeliatiors whers
S "M base to 1o tor ncand tamps were
o ) - : 80 . 10.600. flamps - usad before
Compact 30 10,000  [Compect; iong life, To create 8 pleasant
: ) Fiuorescent ] 1] enargy/ett in social areas,
M‘ \ . 20 40,000 . local lightng: signs, secunty.
. . Jorientation lighting and
] qeneral lighting
QGas-Discharge Lamps |Seit-baliasied 20 . 12,000 {Long kfe; good coice . [Cnrect teptacement for
o mercury to 0 tendering; easy o instal; 5, small
) 2 16000  |batter atfcacy tian I and pubic bht
o . incandescent lamps proj plant iradiation
KNI WS-
'.3 High-pressure 50 12,000  |High efficacy; long lfe; Residential ares Sghting: .
\ mercury o [ reasonsdie colorquanty -~ - [sparts grounds: factory
¥ . Y 60 24,000 .  lighting
o Metal halide 80 10,000 - [Very high efficacy combined [Floodlighting; ially for
{ . Y . to o fwith & color fendenng: feolor TV; Indusivial hghting:
’ 120 . 20000 [longlife road lighting, plant iradaton
High-prassure &0 10,000  |Very high eMcacy; extremely Pubuc fighting. floediighting.
' sodium . to o long lite; gocd color | kghting: plant
B 1“0 24,000 ’ aradiaton; grect
. reptacemant for mercury
lamps
: . L] Low-pressute 130 14,000 rixmmﬂy high eticacy. very - [Many ditferent appiication
. . fum. - to to long fife: high visus! acuty;  |aress: wherever enargy/cost
S 200 18,000  |poos color rend i is important and
. ¢C:> moncchromatc light lootor 1§ not enticat
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Typical Non-incandescent Light Piitures

e £ P é o 8 g
183 5 : R
4 ; . B ]
Deicriptisa Beluit E 5 L...g‘ Dwcription - Delant = E 5 giﬂ
Compnart Flnarescent Fistunes
Twist, (1) 3 W Lap Mag-81d 31 3 9 130 Twin(2) 40 W bmp Mg-d . 40 2 30 8 L0
Twin, (1) 7 W lsmp MogRad T 17 1014y Qe (D IV Wlaerp Fleone 17 1 1% 18 118
Twin, (1) 9 W Luge M3l 9 .1 2 I 122 Quad, (1) 26 W laug Etwuw 26 1) 26 27 1.04
OQuad (1) 13 Wlamp Mygsd 13 1 1117 1 Oual, 2) 18 W hang Netwair 18 2 % RN LA
Quad, 2) 19 W laayp Mygdd 18 2 36 45 123] Qual,(2)26 Wil Natonc 26 2 2 2 6%
Quad, 2322 W lamp MaSd 22 2 4 41 Twinormdd, (2)32 Wlamp Ektronk 32 2 64 & o9
Quadd, (2)26 W Lung MwsSd 26 3 $1 & 137
Flusroscent Piaturcs
(1) 1¥%1a, 1% lamp M3t 1 11 ¥ 127 G¥n.T¥hm Blroos 32 4 12335 120 QM
(1)18in, T12 b My Sd 15 1 13 19 127( (1)608,T13 Menp MgBid 56 1 50 @ LG
(231810, T3 1aup Me-Sid 15 I 30 X 120] (216041, T2 enp Mgt 30 1w 13 1.3
2)12in, T2 lamp Mag. 15 .27 30 35 120| (N60R, T IOy lag-Std %1 1% wmn
(1)241a, T8 lamp MgSd 17 117 M 1M1 )60k, TI2 10 lamp Mg-Sd 73 2 130 168 L12
(1)24in, T12 b MagSid - 20 1 20 MW 140[ (160K, TIES VIDlamp MagStd 135 | 138 168 173
(2)24in,T12 mmp Myg-%id 20 T 40 M 140 (2)99ia, TI2E3 VIO lmnp Mg-3id 135 3 370 310 118
(1)%in, TI2NMDWp MagShl - 3871 48 82 177 (1600, TIZ T lamg MeFR 75 1 78 R 1I7T
(2)24 in, TI21O map MySu 35 2 70 90 12%| (2)60 ke, T2 HO Imug My-E3 73 2130 1% LIT
()24, TR lamgp Metmae 17 | 17 16 094 (13604, T2 bunp Blctonic SO 1 S0 41 ass
2)24in, T8 lamp Hootroaie 17 2 34 31 091 (2360 i, T12 Lip Flotonk 30 2 100 €8 088
(Y0, 112 oo Mag-Sd 1 30 40 153 (16U BLTIT MO lame Eoctrooc 73 1 4y w0
(2)26in,T12 hmp Meg$id 30 2 60 81 133] )60, TIZHO Juwp - Iletronis 25 2 150 1% o@
(1)3648,T12 B3 listyy M-S 25 1 28 4 158 (1)60 i, TS hay Chaonic: 40 | 40 X% Q0
233838, TI21S lamp CMagSid 25 2 30 B 1A6| (600, THLmp Flcwgonk 40 2 g0 7 a0
€1)341a,T12110 Bmp MygSd 30 1 30 W 140 (3)6ah,TSkmp Tkatonc 40 3 120 100 QA
€2)26.{n., T12 110 hunp MgStd S0 2 100 1M 114] (4160, TS hmp Elactronz 40 4 160 1 081
2)36in, TI2 lanp Mxg-BS 30 2 60 M 123] ()72, TI2 bamp " Magda 5 1 33 vm
Wi, T12 PR Tang MagBR 38 2 30 44 122 (DT, T benp MeSsl 535 2 N0 2N
(1)36in, T12 bugr Hotwouis 3¢ 1 30 M 103 (3)72, TI2 baup Mwg-Swl 338 168 2@ 122
)26in, TI2TS larp Flotmnie 2§ 1 29 % 104 @72 in, TI2lanp WMeg-Sxd 41 4 20 21 1.y
(1)3Gin, TS lap Dodon 25 1 23 31 096 (D72 T12 10 Jaug Mog-Bit 4 1 8 12 L4
()36in.T12 hmp Elctiooc 30 2 60 38097 QN2 a.TRRIDlweo MaStd - 25 2 170 20 12
2)36in, T12 I8 lamp . Dlctomic 25 2 30 S0 100] (13723, TI2 VIO lunp Mygixd 160 1 160 10 LD
(2)30 1, 1% lamp Eoctronc 2> I 30 - & U2 2)720 T2 VU lap MaSd WO 2 S 300 LW
3336 in, T8O lsnp Dctrone 25 3§60 2 100 @72 ine T2 banp Mg LS 55 2 110 1 1
(2}36 18, T8 VHO by . Heumak 23 2. 350 N 140 (#)72k,TI2 b, MES 53 4 220 a4 L1
(1)4% in, T12 mp Mg Sid  40° 1 40 S5 138] )72, TRID MagLS 93 2 1M I L8
2)4%1n,T12 amp Mgl 40 Z m0 W 148 »(4;11&.1'11!»1“: Mag-IS 83 4 340 388 L14
()din,T12 lamp MagsSid an- X 120 18 117 @ i T2 banp Elateonks 59 1 4% & 1M
(4)48 in, T12 ungs Mag-3d 40 4 160 1B 03] (272 ke, TI2 bwup 33 2 110 1R O
(1)4% in., T12 RS laerp M8 341 W 4R 18] ()72, T e Nadmnic S5 3 16§ 1% 17
(2)43 1a, TIZ L3 Janp Mg M 2 o8 82121 )72y T12 lag Dodnk 33 ¢ 2206 215 &%
(3)48in., T12 ES lamp MagStd M 3 12 100 098 (196 in.. T2 ES hunp MygStd 6 1 60 W1
(4)48 in, T12 L3 Lungy Migttd M 4 136 164 121] @96, TI2LS amp Mag-id. €0 2 120 1M 10T
(1)48in,T12 3 lanp Mag-I5 H 1 340126 ¥R TIZES bhmp Mag-S4 60 3 1% 28 L1
(2)48 i, TIZ TS lanp Mag-I2 342 68 M 16| (1%, TIILS bmp Mog-81d 6 4 240 28 107
(3)481a,T12 ESlamp Mxp-ES 34 3 102 1S 113 (DYSH,TRESHOMmp - MySid 9% 1 93 112 LI
(4)4% in, T12 ES lamp MegIS 34 4 136 144 106] (2)06ia, TIZES 11O beup Mag-Sid 93 2 10 2T LID
(1)43in, T3 larp Mag-13 RN U 2 (3199 fu, TL2 £3 110 Wop Mag-sd 93 3 143 3w LY
2)48in, T3 lamp Mg 32 2 &4 7t @)% i, T12ES 110 benp Mg Sul 95 4 380 44 110
()48 in, T8 lasg Mag-BS 32 3 110 113) (1396, TIZES VIDlamp Mgl 183 1 183 203 L1
(A)4%in, TR lamp MaeTR 12 4 128 12 111 )04, TARS VIDlamp  MeeRid 193 2 1T 10 100
1348 in, TI2 ES lmiys Clatoui 34 1 M4 32 0M| DN TRIIVIDIany ey W33 505 3 100
)42 in. TI2 ES lanp Flctronk 34 2 682 60 038 A9 TIRTR VHOlamp  MegSid 18§ 4 740 70 103
)48 in,T12 LI lanp Clcoonic’ 34 3 102 42 090 @), TRES by M-S 2120 123 10
(4)48in, T12 ESlamp Lkcwoak 3¢ -4 136 120 088) N6 TRESbhmo - Msg.BES 60 3 180 210 LI7
(148 in, T8 lap Clotron 32 1 32 X 100 )W, TRES hmp . Mag-I'5s € 4 240 24 LD
Q214810 T3 sy CEkctronic - 322 64 &0 094 )96 .. TIZES HO lap Mag-ES v 2 190 207 L
()48ia, T8 lep Eletoplo 32 3 06 3 097 ()%, TIZESHOLmp  MagBS - 95 4 380 4 L0o
(1)96 n, T1I2ES bap Clatrois 60 1 60 69 L13 (1) %in, TS banp Detronls 59 1 % & 118
(2196 in, TRES Lmp Eletrorie @ 2 120 110 092 (1)%in, T8 VHO lanp Dtronic 59 1 5971120
(396 in, TRES hap Electronic @ 3 180 179 Q% (2)%in, T8 lamp Elxtronic  $9 2 112 109 092
@) 95 i, TIZES bimp e @ 4 40 20 092 (H9%6in.T8lamp Blectroic 39 3 177 167 0.94
(1}96 in, TR ES HO banp Elstronic .95 1 95 80 84| (9% in, TShanp . Oxwonic .59 4 2% 219 093
, @)% in, TRES HOhamp Electogic 94 2 190 173 agl (2)%ia, T IO lanp ‘Hetroic 86 - 2 172 1@ 093
L ()96 in, TRES 1[0 lenp Clciromic 95 4 3% 346 Q91 (9)9%6ia, T3110 bmp Hotromc 86 4 34 320 093
(1)96 in, T8 hinp Clxtonic % 1 59 353 0%
Circudsr Fluorescent Fxtures .
Cirlte, (1) 20W lamp MgPll 2 1 20 20 100 (2)8 i circobr imp Mag-BS 2 2 M RN
Circlite, (1) 22 W kmp Mgl 2 1 22 20 a9 (1)R2incicualmp MRS 32 1. X 3oy
Circling, (1) 32 W hmp MRl 2 1 32 0 125] ()12 in.cheularlmp MgRS 2 2 & oy
(1) 6in. circnlas amp MyRS 2 1 20 25 18] (1)16in cheuaclamp MygS:d 40 | © 35033
(1) 8 in circular lanp Moe-RS 2 122 26 L8 . .
High-Pressure Sodiwn Fistures : .
()33 Wianp HID 3 1 38 & 13 (1) 250 W lamp HD 250 1+ 29 295 143
(1) 50 W lamp mp . 50 1 50 & L] (1)3N0OWlamp 1n - 310 1 30 M5 LIS
(1) FOW lamp - HID 1T B LB (1) X0Wlamp HD 0 1 3D 414 1S
() 1OW lamp mD - 10 1 100 138 138 (1} 0Wlamp. HD 400 1 400 43 116
() 150W bmp i) 130 1 130 138 125] (1) 1000 Wlamp D 1000 11000 1100 110
+ (13200 W lunp 1D 20 1 200 280 LY - - ’ .
Metal Halide Flztures. : , . N }
(1) 32 Wlamp D X 132 8 L34 (1)2B0Wlamp D . 2% 1 2% 295 LIS
(1) 50 W Lenp Hp % 1. 50 7 14| (HHOWlarp 1D 400 1 400 458 115
(1) TOW lunp WD - " 1 7 % 13| (2900Wime p 400 -2 300 916. 11$
(1) 1O W bmp WD 100 1 100 128 1L.23) (1) 750 W lsop HD 50 1 750 850 )13
(D150 W tuop HID 150 1 150 190 1.27{ (1) 1000 W amp 1 1000 1 1000 1080 108
(YIS W damp WD - 1% 1 175 215 L2 (1) 1500 W lseop 11D 1500 1 1500 1610 107
Marcury Vapor Rxtures
(140 W lanyp Hp N1 400 125 {1)2B0W laip 1p 20 1 2% M0 116
(1) S0 W Lamp HID H 150 H LS| (1)00Wlany 11D 400 1 40 455 L14
()73 Wlanp m - B -1 95 9 13| (B4O0Wlamp HD 400 2 30 910 L4
(1) 100 W Lmp HD 100 1 100 123 L25| (1) 200 W lamgp 1D 700 1 700 70 111
- (IS W lamp HID 175 1 175205 LI7 (13 1000 W famp 1D 1000 11000 1075 108
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