
an $ 7',1&+;;+ t'N¥;T~&f Efi¥iw t.J!y $'$isdifzriirzt-;w±5Fii ·'Wi j"V-YYWOO ~51nfr;n!I!TT fi!lfWIIIWti Itwt!1'X'tttwrwftEtittsftlllH? 

ENERGY AUDIT AND BASE CASE SIMULATION OF RYERSON BUILDINGS USING 

THE "CARRIER HAP" SIMULATION PROGRAM AND PRISM ANALYSIS FOR 

ENERGY CONSUMPTION 

by 

Mirza Sakhawat Hossain 

Bachelor of Engineering (Mechanical) 

Bangladesh University of Engineering and Technology 

Dhaka, Bangladesh, 1995 

A project 

presented to Ryerson University 

in partial fulfillment of the requirements for the degree of 

Master of Engineering 

in the Program of 

Mechanical Engineering 

Toronto, Ontario, Canada, 2010 

© Mirza Sakhawat Hossain, 2010 

PROPERlY OF 
RYERSON UNIVERSITY LIBRARY 



_em ESEV' 5n 

Abstract 

Modelling and simulation of energy consumption in 86% of the Ryerson campus 

was presented. Energy simulation models were developed with Carrier HAP for 16 

Ryerson buildings. Carrier HAP, commercially available software, was used for the 

prediction of energy consumption and PRISM software was used for the energy 

consumption comparison in different locations using weather normal average 

temperature data. All of the possible sources and uses of energy in the building were 

accounted for in the modelling and simulation. From the simulation result, it showed that 

26% of total energy was consumed· by lighting and 19% of total energy used by plug 

load and 4% of total energy used by miscellaneous. Sensitivity analysis was conducted 

by reducing lighting schedule. As a result, annual energy savings of 10% for cooling 

load and 21 % for hydro demand were achieved, but the heating load increased by 14%. 

The other part of the energy consumption was for the Heating, Ventilation and 

Air Conditioning (HVAC) system, 53% of total energy was demanded in this sector for 

the 16 Ryerson buildings. PRISM model was developed for compared Ryerson energy 

consumption and also compared Ryerson campus in different locations. 

The base case simulation result was compared with the campus planning actual 

consumption bill for the hydro, steam and DLWC cooling demand for the Ryerson 

campus. The result was under predicted from the actual bill. Simulation was under 

predicted hydro consumption by 5.7% and steam consumption by 6.26%. The average 

energy intensity was determined 1.04 GJ/m2 for the 86% of total area of Ryerson 

campus. Also energy intensity (GJ/students) compared with different province in 

Canada, result shows that Ryerson University consumed less energy and this value is 

10 GJ/student. 
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1,0. Introduction 

Energy audit gives an in-depth knowledge of the existing energy consumption 

profile of the audited object; it also identifies different factors affecting the energy 

consumption and brings up cost-effective energy saving opportunities. Energy audit 

makes an evaluation of the present consumption of energy, the feasible energy saving 

possibilities and produces the energy audit report. That is why energy audit has become 

an accepted first step in identification and implementation of various energy efficiency 

opportunities in residential, commercial, institutional and industrial facilities. The main 

target of the energy audit is to determine overall picture of the use and distribution of 

energy, its costs, energy saving potentials and the possibilities to use renewable energy 

sources. 

The core tools in the building energy field are the whole-building energy 

simulation programs that provide users with key building performance indicators such 

as energy use and demand, temperature, humidity, and costs. There are some building 

simulation programs as BLAST, DOE-2.1E, eQUEST, Energy Plus, ESP-r, Carrier HAP, 

IES <VE>, TRNSYS etc (Chowdhury et aI., 2007). 

This study was to conduct detail analysis of energy audit, whole building energy 

simulation using computer simulation program, Carrier HAP, for the purpose of energy 

performance evaluation of Ryerson campus. Ryerson University has a total floor area of 

281020 m2 in 28 buildings listed in Table 1, including office buildings, educational 

buildings and residential buildings. ASHRAE Standard 90.1-2004 energy standard for 

buildings and PRinceton Scorekeeping Method (PRISM) are selected for the overall 

energy consumption of 86% of total Ryerson University building area listed in Table 2. 

This university has two central cooling plants. One of them is located in the Library 

building with capacity of 3100 ton which serves 66% of total area; the other one is 

located in the Rogers Communications Center (RCC) with capacity of 530 ton which 

serves 11 % of total area. Deep Lake Cooling System serves 9% of total area and 

own/self cooling system serves 14% of total area. Figure 1 and Table 3 shows Ryerson 

buildings served by the different cooling systems. 
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Table 1: List of Ryerson buildings 

51. Name of the Buildings 
Build in Total Floor Area 

No. Year (m2
) 

1 Heaslip House Continuing Education (CEO) 2005 4180 
2 School of Image Art (IMA) 1953 9345 
3 Victoria Building (VIC) 1930 12708 
4 Jorgenson Hall (JOR) 1968 10964 
5 Library Building (UB) 1971 18487 
6 Podium (POD) 1969 21730 
7 Engineering Building (ENG) 2005 22350 

i , 8 Eric Palin Hall (EPH) 1984 13942 

9 Sally Horsfall Eaton Centre for Studies in 2002 7077 
Community Health (SHE) 

10 School of Interior Design (SID) --- 4373 
11 Student Campus Centre (SCC) 2005 4180 

12 Heidelberg Centre-School of Graphic 2002 2985 
Communications Management (HEIIGCM) 

13 Kerr Hall (KNE, KNW, KSE, KSW) 1963 52409 

I 14 Rogers Communications Center (RCC) 1989 13100 
15 Pitman Hall Residence (PIT) 1991 17866 

16 Rogers Business Building (RBB) 2004 24378 

17 International Living/ Learning Centre (ILLC) 1987 9735 
18 South Bond Building (SBB) 1911 6494 

19 Architecture Building (ARC) 1981 7239 
20 Recreation & Athletics Centre (RAC) 1987 4280 
21 Monitory Time Building (MON) --- 2843 
22 I Oakham House (OAK) 1925 2033 
23 Research and Graduate Studies (GER) 1958 2860 
24 Theatre School (TH R) 1971 2925 
25 PRO/BND 1992 851 
26 O'Keefe House 1900 848 
27 ORloffice 1954 732 
28 Ryerson Book Store (BKS) 1988 106 

Total floor area of entire Ryerson buildings 281,020 
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Table 2: List of selected Ryerson buildings for energy audit and simulation 

SI.No. Name of the Building Area (m2
) 

Group 1: Chiller Plant Located in the Library building 

1 School of Image Art (IMA) 9345 

2 Heaslip House Continuing Education (CEO) 4180 

3 Victoria Building (VIC) 12708 
4 I George Vari Engineering and Computing Centre (ENG) 22350 

5 Jorgenson Hall (JaR) 10964 
6 Library Building (UB) 18487 
7 Podium Building (POD) 21730 
8 ic Palin Hall (EPH) 13942 

9 Sally Horsfall Eaton Centre for Studies in Community 7077 
Health (SHE) 

10 School of Interior Design (SID) 4373 
11 Student Campus Centre (SCC) 4180 

12 Heidelberg Centre-School of Graphic Communications 2985 
Management (HEIIGCM) 

13 Kerr Hall (KHN, KHS, KHE, KHW) 52409 
Total floor area served by the central chillers plant 184,730 

-

Group 2: Chiller Plant Located in the RCC building 

14 Rogers Communications Centre (RCC) 13100 

15 Pitman Hall Residence (PIT) I 17866 
Total floor area served by the central chillers plant 30,966 

Remote Source Chilled Water supplied by enWave 

16 Rogers Business Building (RBB) 24378 
Total Area for Audit ?AO,074 
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Tota l Ryerson building served by different cooling systems 

14% 

• Ser-..ed area by the central cooling 
plant located in the Library Building 

• Ser-..ed area by the central cooling 
plant located in the RCC Building 

o Ser-..ed area by the Deep Lake 
Cooling System 

o Ser-..ed area by the own/self cooling 
system 

Figure 1: Ryerson University buildings served by different cooling systems 

Table 3: List of different cooling systems 

Area (m2
) (%) 

Group 1: Chiller Plant Located in the Library building 184730 66 

Group 2: Chiller Plant Located in the RCC building 30966 11 
Rogers Business Bu ilding served by Deep Lake cooling 24378 9 
system 
Self cooling (Roof Top Unit) 40946 14 

Total Ryerson university area 281,020 100 

This university has two meters for steam consumption to satisfy space heating 

demand, cooling demand (absorption chiller) and hot water demand supplied by the 

enWave. One of them serves the Rogers Business Building (RBB) , having 9% of total 

area and other one serves 20 ind ividual buildings, 79% of total area. Self heating 

system (Boiler or Heat Pump) served for 12% of total area. Figure 2 and Table 4 show 

Ryerson buildings served by different heating systems. 
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Total Ryerson building served by the different heating 
systems 

12% 

• Sef\€d area by the remote 
steam for meter 1 

• Sef\€d area by the remote 
steam for meter 2 

Sef\€d area by the self 
heating system 

Figure 2: Ryerson University buildings served by different heating systems 

Table 4: List of different heating systems 

Area (mZ) (%) 
Served area by the remote steam for meter 1 223127 79 

Served area by the remote steam for meter 2 24378 9 

Served area by the self heating system 33515 12 
Total Ryerson building served by the different heating 281,020 100 
systems 

1. 1. Energy consumption of selected Ryerson buildings 

This report describes hydro and steam consumptions for Ryerson buildings 

which are listed in Table 2. Energy consumption data collected for three-year period 

listed in Table 5 and consumption per unit area listed in Table 6 (Appendix A) . Figure 3 

shows electricity consumption for Ryerson University in different years according to the 

space used and Table 7 indicates cooling degree days (COD) and heating degree days 

(HOD) for the corresponding years. Two central chiller plants electricity bills included in 

the Library building and RCC building . 
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Ryerson Univers ity Electricity Consumption 
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Figure 3: Annual electric consumption for Ryerson University buildings 

Table 5: Electricity consumption 

Electricity Consumption 

Total Total Total 
(kWh) (kWh) (kWh) 

Name of the 2005-2006 2006-2007 2007-2008 
51.No. BuildinglYear 

1 VIC , IMA, CEO 3,608,472 4,067,896 3,599,652 

2 Kerr Hall 8,306,896 8,771 ,259 7,130,113 

3 ENG 4,472,078 4,408,548 4,111 ,201 

4 JOR, LIB, POD 16,895,386 18,376,049 20,399,668 

5 EPH,SHE 3,813,068 4,057,548 3,609,473 

6 SCC, HEI , OAK 1,650,957 1,705,010 1,732,166 

7 SID 364,543 435,840 373,760 

8 PIT, RCC 5,500,402 5,397,903 5,607,650 

Total 44,611 ,802 47,220,053 46,563,683 
9 RBB - - 4,001 ,970 
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Table 6: Actual electricity consumption per unit gross area 

Electricity Consumption 
Gross (kWh/m2) (kWh/m2) (kWh/m2) 
Area 

51.No. Name of the (m2) 2005- 2006- 2007-
Building 2006 2007 2008 

1 VIC, IMA, CED 26233 138 155 137 
2 Kerr Hall 52409 159 167 136 
3 ENG 22350 200 197 184 
4 JOR, LIB, POD 51181 330 359 399 
5 EPH,SHE 21019 181 193 172 
6 SCC, HEI, OAK 9198 179 185 188 
7 SID 4373 83 100 85 
8 PIT, RCC 30966 178 174 181 
9 RBB 24378 - - 164 

Table 7: COO and HOD in different years 

Year (May-April) COO (OC) HOD (OC) CDD+HDD (OC) 
, 
2005-2006 534 3463 3996 
2006-2007 380 3706 4087 
2007-2008 433 3593 4026 

Annual electricity consumption can be divided into two parts as summer 

consumption and winter consumption. Figure 4 presents electricity consumption in 

summer season (May to September) and Figure 5 presents electricity consumption in 

winter season (October to April). Heating degree days (HOD) and cooling degree days 

(COD) are calculated for the summer season from May to September listed in Table 8 

and data from October to April for winter season are listed in Table 9. 
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Ryerson University Summer Electric ity Consumption 
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Figure 4: Summer (May-September) electricity consumption for Ryerson University 

Table 8: Summer COO and HOD in different years 

Year (May-Sept) COD (0C) HOD (OC) DO (COD+HDO) (0C) 

2005 526 222 748 
2006 379 243 622 
2007 414 199 613 
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Ryerson University Winter Electricity Consumption 
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Figure 5: Winter (October-April) electricity consumption for Ryerson University 

Table 9: Winter CDO and HOD in different years 

Year (Oct-April) HDD (OC) CDD (0C) DD (CDD+HDD) (OC) 

2005-2006 3240 7 3248 

2006-2007 3463 1 3464 
2007-2008 3393 19 3412 

Figure 6 shows (meter 1) steam consumption for Ryerson University in different 

years and Figure 7 shows (meter 2) steam consumption for RBB in different years. COD 

and HOD are listed in Table 10. The extreme minimum temperature is listed in Table 11. 

Total electric energy consumptions for different buildings are given in Appendix-A. 
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Ryerson University re mote stea m consumpti on for mete r-1 

110,000,000 

~ 
108,000,000 

- 106,000,000 
c: 
0 104,000,000 .. 
Q. 

E 102,000,000 
:l 
I/) 

100,000,000 c: 
0 
() 

E 
98,000,000 

III 96,000,000 (1) 
+-' en 94,000,000 

92,000,000 

90,000,000 

2005-2006 2006-2007 2007-2008 

Fiscal Year 

Figure 6: Annual steam consumption for Ryerson University buildings meter 1 

Ryerson University remote steam consumption meter 2 (RBB) 
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Figure 7: Annual steam consumption for Ryerson University buildings meter 2 
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Table 10: CDD and HDD in different years 

Year (May-April) COD (OC) HOD (OC) CDD+HDD (OC) 

2005-2006 533 3462 3996 
2006-2007 380 3706 4086 
2007-2008 433 3592 4026 

Table 11: Extreme minimum temperature (OC) 

Month Year Minimum Temperature 
(OC) 

January 2005 -24.2 
February 2006 -14.5 
March ·2007 -22.1 
February 2008 -18.2 

Steam and electricity usage characteristic of a building and its energy-consuming 

systems as a time-varying function of ambient conditions. Most computer programs can 

use as much detailed information about the building and its mechanical and electrical 

system as is available. 

Where the energy implications of these details are significant, it is worth the effort 

of obtaining them. Testing fan systems for air quantities, pressures, control set points, 

and actions can provide valuable information on deviations from design conditions. Test 

information on pumps can also be useful. 

Data on building occupancy are among the most difficult to obtain. Because most 

energy analysis programs simulate the building on an hourly basis for a one-year 

period, it is necessary to know how the building is used for each of those hours. 

1.2. Selecting an energy program 

Energy simulation package selected in this study was Carrier HAP simulation 

program. In selecting an energy analysis program, factors such as cost, availability, 

ease of use, technical support, and accuracy are important. However, the fundamental 

consideration is whether the program will do what is required of it. It should be sensitive 

to the parameters of concern, and its output should include necessary data. 
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Time can be saved if the initial input files for an energy program can also be used 

for load calculations. Some programs interface directly with computer-aided design 

(CAD) files, greatly reducing the time needed to create an energy program input file. 

1.3. Energy programs to model existing buildings 

Computer energy analysis of existing buildings can accommodate complex 

situations; evaluate the energy effects of many alternatives, such as changes in control 

settings, occupancy, and equipment performance; and predict relative magnitudes of 

energy use. There are many programs available, varying widely in cost, degree of 

complexity, and ease of use. A general input-data acquisition procedure should be 

followed in computer energy analysis of existing buildings. 

1.4. Weather data 

Weather data, usually summarized for 30-year average in default for different 

locations in the weather properties of Carrier HAP software (Carrier HAP, 2006) and 

minimum one year of daily average data is required for PRISM analysis for 

corresponding year energy consumption (Fels, 1986). The actual weather data for the 

year in which energy consumption data were recorded significantly improves simulation 

of an existing building. The purpose of the simulation should also be considered when 

chOOSing weather data: either specific-year data, data representative of long-term 

averages, or data showing temperature extremes may be needed, depending on the 

goal of the simUlation. Usually, the results of the first computer runs do not agree with 
, 

actual metered energy consumption data. The following are possible reasons for this 

discrepancy 

• Insufficient understanding of energy-consuming systems that create the 

greatest use, 

• Inaccurate information on occupancy and time of building use, 

• Inappropriate design information on air quantities, set points, and control 

sequences. 

The input building description must be adjusted and trial runs continued until the 

results approximate actual energy use. Matching the metered energy consumption 

precisely is difficult; in any month, results within 10% are considered adequate (Carrier· 

HAP, 2006). 
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1.5. Methodology 

Figure 8 describes the methodology used for the base case model for Ryerson 

University buildings using energy simulation program Carrier HAP and PRISM analysis 

for energy consumption. 

.. 
Formation of 
audit areas 

.. 
HVAC 

systems 

11. Energy Audit of Ryerson Buildings 

.. .. .. .. 
Visual inspection Detailed calculations, Identification of energy 

and data collection analyses and assumptions consumption 

.. .. 
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I 

I 
J .. 

Lighting Building 
systems site 
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3. Building Simulation using 
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Complying with 

5. PRISM Analysis 

.. 
nergized systems I .. .. .. 
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envelope operation 

Output Parameter! Energy Consumption 

6. Result and Conclusion 

7. Recommendation 

Figure 8: Flow chart of modeling the Ryerson University buildings 
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1.6. The Objective of the Study 

The main objectives and goals of the study are energy audit, building simulation 

and PRISM analysis of Ryerson buildings 

Specific details are: 

• Determine and analyze hourly heat loss and heat gain for the 16 individual 

Ryerson buildings, 

• Determine and evaluate the energy demand and cost of Ryerson buildings using 

Carrier HAP whole building energy simulation program, 

• Determine cooling degree-days (COD), heating degree-days (HOD), and 

normalized annual consumption (NAC) using PRISM analysis software, 

• Study energy consumption in different fiscal year and provide recommendations 

for long-term goals of energy efficiency, 

• Study and conduct sensitivity analysis to determine potential energy savings to 

changed lighting schedule. 

14 

.., 
;i 



2.0. Building energy audit 

An energy audit and survey are parts of the energy management process in 

buildings. Energy management in buildings defined as the control of energy use and its 

cost while maintaining indoor environmental conditions to meet comfortable and 

functional needs. The goal of energy management is to reduce energy expenses to the 

lowest level as possible without sacrificing comfort, productivity, or functionality. The 

specific processes by which building owners and operators control energy consumption 

and costs are as variable as their building types. Many buildings, such as residences 

and small retail businesses, usually involve the efforts of one person. On the other 

hand, very large and complex facilities, such as hospitals or university campuses, 

industrial complexes, or large office buildings, usually require a team effort and process 

as represented in Figure 9. 

The objectives of an energy analysis or audit are to identify and develop 

modifications to reduce energy use and/or cost of operating a building. The results 

should be presented in a format that provides the information needed by an 

owner/operator to decide if any, some, or all of the recommended modifications should 

be implemented (ASHRAE, 2007). 
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Designate and Define Energy Manager Responsible and 
Qualifications 

I 
Establish Communications 

I 
Establish Energy, Accounting System 

I 
Analyze Energy Data 

I 

Perform Energy Surveys and Audits 

I 

Improve Discretionary Operations 

I 
Evaluate Energy Conservation Opportunities and Prioritize 

I 

Implement Energy Conservation Measures 

I 

Monitor Results 

I 

Evaluate Success and Establish New Goals 1 
Figure 9: The Energy Management Process (ASHRAE, 2007) 

Energy audit is the first phase of an energy study which includes the collection of 

information and data, and a preliminary analysis. This report described the detail energy 

audit for the selected Ryerson University buildings (listed in the Table 12) operated by 

central chillers plant located in the Library building and Rogers Communications Center 

(RCC) and Deep Lake Cooling System (DLCS) for Rogers Business Building (RBB). 
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Table 12: List of energy audit and base case simulation of Ryerson buildings 

SI.No. Name of the Building 
Street Street Name 

No. 
Meter-1: Chiller Plant Located in the Library building 

1 School of Image Art (IMA) 122 Bond Street 
2 Heaslip House Continuing Education (CED) 297 Victoria Street 

3 Victoria Building (VIC) 285 Victoria Street 

4 
George Vari Engineering and Computing 243 Church Street 
Centre (ENG) 

5 Jorgenson Hall (JaR) 380 Victoria Street 

6 Library Building (LIB) 350 Victoria Street 

7 Podium Building (POD) 350 Victoria Street 

8 Eric Palin Hall (EPH) 87 
Gerrard Street 
East 

9 
Sally Horsfall Eaton Centre for Studies in 99 

Gerrard Street 
Community Health (SHE) East 

10 School of Interior Design (SID) 302 Church Street 

11 Student Campus Centre (SCC) 55 Gould Street 

12 
Heidelberg Centre-School of Graphic 

125 Bond Street Communications Management (HEUGCM) 

13.a Kerr Hall North (KHN) 43 
Gerrard Street 
East 

13.b Kerr Hall South (KHS) 50 Gould Street 

13.c Kerr Hall East (KHE) 340 Church Street 

13.d Kerr Hall West (KHW) 379 Victoria Street 

I 
Meter-2: Chiller Plant Located in the RCC building 

14 Rogers Communications Centre (RCC) 80 Gould Street 

15 Pitman Hall Residence (PIT) 160 Mutual Street 

Remote Source Chilled Water supplied by enWave 

16 Rogers Business Building (RBB) 55 Dundas Street 
West 

2.1. Types of energy audit 

Most energy audits fall into three categories. Depending on the physical and 

energy use characteristics of a building and the owner's needs and resources, one or 

more of the three different categories of effort can be used. 
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i. Walk-Through Assessment: 

Walk-through is the least costly. preliminary stage audit. It is basically a visual 

inspection and a quick review of general energy data. It is usually done to determine the 

need for a more detail audit. The walk-through process could be relatively 

straightforward if the blueprints and other preliminary information available describes 

the building and its operation accurately. The process could begin with a walk around 

the building to study the building envelope. Building features such as building wall 

colour. external sun-shading devices, window screens and tint, and so on are noted as 

possible energy conservation opportunities (ECOs). If a model analysis is included in 

the study, the building must be divided into zones for analysis. The survey inside the 

building would include confirmation that the air-conditioning system is as indicated on 

plans. Additions and alterations would be noted. The type and condition of the windows, 

effectiveness of window seals, typical lighting and power requirements, occupancy and 

space usage are noted. System and plant data could be obtained by a visit to the 

mechanical rooms and plant room. Nameplate data could be compared against those in 

the building's documents, and spot readings of the current indicating panels for pumps 

and chillers recorded for estimating the load on the system. This involves assessing a 

building's energy cost and efficiency by analyzing energy bills and briefly surveying the 

bUilding, accompanied by the building operator. 

This level audit is most applicable when there is some doubt about the energy 

savings potential of a building, or when an owner wishes to establish which buildings in 

a complex have the greatest potential for energy savings. The results can be used to 

develop a priority list for buildings that are recommended for a Mini-audit or Maxi-audit. 

ii. Mini-audit: 

This audit requires detailed analysis of energy invoices (preferable for the last 3-

5 years), some tests and measurements to quantify energy uses and losses and to 

evaluate the economic potential of energy conservation measures. So this step energy 

audit can be called as Energy Survey and Analysis. This includes a more detailed 

building survey and energy analysis. 
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This level analysis identifies and provides the savings and cost analysis of all practical 

measures that meet the owner's constraints and economic criteria, along with a 

discussion of any effect on operation and maintenance procedures. 

It also lists potential capital-intensive improvements that require more thorough data 

collection and analysis, along with an initial judgment of potential costs and savings. 

This level of analysis is adequate for most buildings and measures. 

iii. Maxi-audit: 

This audit is usually conducted as a part of detailed energy study. It contains an 

evaluation of how much energy is used for each function such as lighting, process, etc. 

It also requires a model analysis, such as computer simulation, to determine energy use 

patterns on a year-round basis, taking into account such variables as weather data. 

Detailed energy audit procedure can be shown in Figure 10 as flow diagram. 
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Figure 10: Steps of detailed Energy Audit 

2.2. Energy audit procedure 

During the energy audit following procedures will be helped for data collection as 

well as proper energy audit. Energy audits include some or all of the following 

(ASH RAE, 2007). 

1. Energy uses data collection and analysis 

• Review more than one year of energy bills. It is preferable to have three to 

five years data 

• Review billing rate class options with utility as flat rate or time of uses (TOU) 

• Review monthly patterns for irregularities 
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• Compare the building's energy utilization index (EUI) with publicly available 

indices of similar buildings 

• Derive target goals for energy, demand, and cost indices for a building with 

similar characteristics 

2. Study the building and its operational characteristics 

• Acquire a basic understanding of the mechanical and electrical operating 

systems. Perform a walk-through survey of the facility to become familiar with 

its construction, equipment, operation, and maintenance 

• Meet with owner/operator and occupants to learn of special problems or 

needs of the facility 

• Identify any required repairs to existing systems and equipment 

3. Identify potential modifications to reduce energy use and/or cost identify low

costlno-cost changes to the facility or to operating and maintenance procedures 

• Identify potential equipment retrofit opportunities 

• Outline effect on occupant service requirements 

• Identify any training required for operating staff to maintain measures 

• Perform a rough estimate to determine the approximate breakdown of energy 

use for significant end-use categories 

4. Perform an engineering and economic analysis of potential modifications 

• For each practical measure, determine resultant savings 

• Estimate effects on building operations and maintenance costs 

• Review effect on non energy operating costs 

• Prepare a financial evaluation of estimated total potential investment using 

appropriate techniques and criteria 

5. Prepare a rank-ordered list of appropriate modifications 

• List all possible energy savings modifications 

• Select those that may be considered practical by the building owner 

• Assume that modifications with highest operational priority and/or best return 

on investment will be implemented first 

• Provide preliminary implementation costs and savings estimates 
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6. Prepare a report to document analysis process and results 

• Provide description of building and its requirements, and an inventory of 

major energy-using equipment, 

• Clearly state savings from each modification and assumptions on which each 

is based, 

• Discuss existing situation and why it is using excess energy, 

• Review list of practical modifications with the owner, and select those to be 

pursued, 

• Prioritize modifications in order of implementation, 

• If necessary, recommend measurement and verification methods to 

determine effectiveness of measures implemented. 

2.3. Building simulation 

Building simulation began in the 1960s and became the hot topic of the 1970s 

within the energy research community (Hong et aI., 2000). During these two decades, 

most of the research activities were devoted to studies of fundamental theory and 

algorithms of load and energy estimation. The beginning of the 1990s saw the growing 

global concern to protect the environment. In the building sector, the challenge to 

professionals is to create a healthy and comfortable built environment with less energy 
~ 

consumption and reduced negative impact on the environment. The demand for green 

buildings has made the application of building simulation a must, rather than a need. 

Thus, Building Simulation Programs (BSPs) have gained acceptance as routine 

analysis and design tools. 

The building sector, one of the fastest growing in terms of energy consumption, 

National Round Table on the Environment and the Economy (NRTEE) shows that 

nearly half a million commercial and institutional buildings in Canada provide the spaces 

for education, healthcare, government, and business services. But they also consume 

significant amounts of energy and produce carbon emissions. So it is clear that 

buildings are a primary contributor to global warming and ozone depletion (NRTEE, 

2009). 
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The Commission for Environmental Cooperation (CEC) released a North 

American report in spring 2008 revealing that commercial and residential buildings are 

responsible for 33% of a" energy used and 35% of greenhouse gas (GHG) emissions in 

Canada. 

Research also shows that significant energy efficiency potential from existing 

technology in the commercial building sector. It is estimated that substantial energy 

savings can be achieved from a conventionally designed building through careful 

planning for energy efficiency. It is identified that heating, ventilating and air conditioning 

(HVAC) and lighting account for the major part of a building's energy use (NRTEE, 

2009). 

2.4. Energy simulation 

Unlike peak load calculation programs, building energy simulation programs 

integrate loads over time (usually a year), consider the systems serving the loads, and 

calculate the energy required by the equipment to support the system. Most energy 

programs simulate the performance of existing systems, although programs are now 

available that make selections formerly left to the designer, such as equipment sizes, 

system air volume, and fan power. Energy programs are necessary for making 

decisions about building energy use and, along with life-cycle costing routines, quantify 

the effect of proposed energy conservation measures during the design phase. In new 

building design, energy programs help determine the appropriate type and size of 

building systems and components; they can also be used to explore the effects of 

design tradeoffs and evaluate the benefits of innovative control strategies and the 

efficiency of new equipment. 

Energy programs that track building energy use accurately can help determine 

whether a building is operating efficiently or wastefully. They have also been used to 

allocate costs from a central heating/cooling plant among customers of the plant. 

However, such programs must be adequately calibrated to measured data from the 

building under consideration. Furthermore, energy simulation is necessary because of 

recent work on computer energy simulation studies and field surveys reveal that air 

conditioning represents 37-60% of total electricity use in office buildings, in accordance 

with building's functions (Zhou et aI., 2007) 

23 

& 



2.4. 1. Characteristics of building energy simulation 

Most programs simulate a wide range of buildings, mechanical equipment, and 

control options. However, computational results differ substantially across programs. 

The choice of weather data also influences the load calculation. 

Depending on the requirements of each program, various weather data are used: 

• Typical hourly data for one year only, from averaged weather data, 

• Typical hourly data for one year, as well as design conditions for typical 

design days, 

• Reduced data, commonly a typical day or days per month for the year, 

• Typical reduced data, non serial or bin format, 

• Actual hourly data, recorded on site or nearby, for analysis where the 

simUlation is being compared to actual utility billing data or measured hourly 

data. 

Simulation programs differ significantly in the methods they use to simulate the 

mass effects of buildings, ground, and furniture. How accurate these methods are and 

how well they delay peak heating and cooling can lead to significant uncertainty in 

predicting building heating and cooling needs, sizing equipment to meet those loads, 

and predicting system energy needs. 

Both air-side and energy conversion simulations are required to handle the wide 

variations among central heating, ventilation, and air-conditioning systems. To properly 

estimate energy use, simulations must be performed for each combination of system 

design, operating scheme, and control sequence. 

2.4.2. Simulation techniques 

Two methods are used in computer simUlation of energy systems: 

• The fixed schematic technique and 

• The component relation technique. 

The fixed-schematic-with-options technique, the first and most prevalent method, 

involves writing a calculation procedure that defines a given set of systems. The 

schematic is then fixed, with the user's options usually limited to equipment 

performance characteristics, fuel types, and the choice of certain components. 
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The component relation technique is organized around components rather than 

systems. Each component is described mathematically and placed in a library. User 

input includes the definition of the schematic, as well as equipment characteristics and 

capacities. 

Once all components have been identified and a mathematical model for each 

has been formulated, they may be connected and information may be transferred 

between them. Although its generality leads to certain inefficiencies, the component 

relation technique does offer versatility in defining system configurations (ASHRAE, 

2007) 

2.5. PRISM analysis 

Steam consumption for space heating and cooling, domestic hot water and also 

electricity consumption for air handling unit, lighting, plug load, pump, and exhaust fan 

for the Ryerson buildings are analyzed using the PRinceton Scorekeeping Method 

(PRISM). An objective of this study is to explain in physical terms the components of 

annual as well as monthly steam consumption and hydro consumption, and to discuss 

how physical parameters and their changes can be observed in the data (Fels, 1986). 

2.5.1. PRISM overview 

The original version of PRISM (PRinceton Scorekeeping Method) was released 

in 1986. PRISM, developed at Princeton University, uses utility bills from before and 

after retrofit installation, together with average daily temperature from a nearby weather 

station for the same time periods, to determine a weather-adjusted index of 

consumption, Normalized Annual Consumption (NAC). for houses or buildings. PRISM 

has been used by utilities, private companies. government agencies, and universities to 

estimate energy savings from conservation programs. The PRISM which was first 

developed to study the energy use in single-family houses with heating systems making 

use of the monthly billing data as well as the normalized daily outdoor temperature. 

For further development advanced PRISM project at Princeton University was 

funded by the Electric Power Research Institute, the Wisconsin Center for Demand-Side 

Research, and eight utilities, and it focused on "model tuning and data pruning." Model 
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tuning mean adding such features as a Heating-and-Cooling model, a Robust model, 

and an Aggregate version, while data pruning includes improving the reliability and 

usefulness of the data with functions like automated data correction and "outlier" 

detection. The main improvement was done on PRISM methodology in order to make 

the best possible use of the information available in billing data (Fels et aI., 1995) 

The Advanced Version of PRISM makes it easier than ever to transform run-of

the-mill billing data into statistically sound savings estimates. With PRISM, utilities and 

energy analysts can systematically estimate total savings from a conservation or 

demand-side management program, for large samples of houses or buildings 

participating in the program, and for comparison groups as well. 

PRISM is a statistical procedure that processes a year of monthly billing data 

from a house or building to produce a weather-adjusted Normalized Annual 

Consumption (NAC) index, along with other physically meaningful parameters and 

extensive reliability statistics. A key feature of the method is its estimation of best 

reference temperature to which heating and cooling degree-days in the model are 

computed. PRISM is generally run on the pre- and post-weatherization periods for all 

buildings in a sample to produce distributions of savings across the sample. With the 

new PRISM, participant and control groups are easily compared, in graphical and 

tabular forms. 

To run the PRISM following data is required: 

• individual-building consumption data, including exact meter reading dates, for 

approximately one year in each period of interest, 

• average daily temperature data, for the periods of interest, from a nearby 

weather station. 

PRISM gives results in terms of: 

• heating consumption versus heating degree-days, 

• cooling consumption versus cooling degree-days, 

• building's reference temperature for heating or cooling. 

Figure 11 shows the inputs and outputs for the PRISM program. 
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INPUTS: OUTPUTS: 

Monthly billing data NAC 
- (weather adjusted annual 

energy use) 

R2, CV(NAC) 
Daily temperature -H PRISM I (reliability statistics) 
data 

Other physical 

Long-term degree-
parameters 

days 
.- a.~, r 

Figure 11: Schematic diagram showing the data requirements for the PRISM (Fels and 

Reynolds, 1992) 

The advanced PRISM analysis model has worked for Heating-Only (HO) for 

heating fuel, Cooling-Only (CO) use electricity for air conditioning and Heating-and

Cooling (HC) model for combined heating and cooling in the analysis of buildings that 

use the same fuel for both. 

The main equation used for the calculation of Normalized Annual Consumption 

(NAC): 

NAC=365*a+d * a *H ('7" )+d * a *C ('7") '-v--" h Ph 0 "h c Pc 0 I.e 
BaseLevel \ v " Y I 

HeatingPart CoolingPart 

Where, 

a = base-level consumption (kWh/day) 

J3h = heating slope (kWht'C-day) 

J3e = cooling slope (kWht'C-day) 

r h = heating reference temperature (OC-day) 

r e = cooling reference temperature (OC-day) 

dh = 1 for the HO analysis and de = 0 

de = 1 for the CO analysis and dh = 0 

dh = 1 and de = 1 for the HC analysis 
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This report analysed electric energy consumption and steam consumption for 

both heating and cooling demands. In both cases energy consumption depends on 

degree days. Degree days are essentially a simplified representation of outside air 

temperature data. They are widely used in the energy industry for calculations relating 

to the effect of outside air temperature on building energy consumption. 

Degree days calculated from the sum of heating degree day and cooling degree 

day. Heating degree days (HOD) is a measure of how much (in degrees), and for how 

long (in days), outside a.ir temperature was lower than a specific base or 

reference/balance temperature. They are used for calculations relating to the energy 

consumption required to heat buildings. Cooling degree days (COD) is a measure of 

how much (in degrees), and for how long (in days), outside air temperature was higher 

than a specific base temperature. They are used for calculations related to the energy 

consumption required to cool buildings. 
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3.0. Energy audit of Ryerson buildings 

This report conducted max-audit for 86% of total area of Ryerson University; 

which is a part of the detail energy study and can be described step by step as follows: 

3. 1. Formation of audit areas 

Audit area in this report has selected for the Ryerson University and located in 

the geographical coordinate on 43°40' North and 79°25' West, Toronto, Ontario, 

Canada (http://boating.ncf.callatlong.html). There are 28 buildings in this university. 

Audit area selected based on the remote source chilled water supplied by the central 

chiller plant located in the Library Building and Rogers Communications Center (RCC) 

for 15 buildings and remote source chilled water supplied by the enWave for Rogers 

Business Building (RBB) (listed in Table 2). 

3.2. Visual inspection and data collection 

Visual inspection and data collection process for the selected audit buildings 

were divided in to two categories as energized system and non-energized system. The 

data collection procedures for those systems have collected according to the simulation 

program Carrier HAP used in this report. Data on all sources and uses of energy. 

operation of mechanical systems, electrical devices, and building envelopes were 

collected from campus planning department, maintenance department and site 

inspection. 

3.2.1. Energized system 

Energized system of the building can be considered the equipments or electrical 

devices which are using electricity for operation. This system could be described for the 

HVAC system, domestic hot water system, domestic cold water system, miscellaneous 

plug load and lighting system. This report well described for the major part of HVAC 

system and lighting system. 
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3.2.1.1. HVAC system 

HVAC system of Ryerson University selected buildings listed in Table 4 are 

served by the central chiller plant located in the Library building and Rogers 

Communications Centre for cooling, remote source steam supplied by the enWave for 

heating and deep lake cooling system served for the Rogers Business building. Air 

conditioning system is provided by chilled water in different buildings. Each building has 

own central air handling units (AHU). . The air distribution system for the individual 

building is shown in Table 13 

Table 13: Air distribution system for Ryerson buildings 

51. 
Building Name HVAC Air 

Equipment Type No. of 
No. Distribution Zone 

System 
1 Victoria Building (VIC) CAV Chilled water AHU 93 
2 School of Image Art (IMA) VAV+CAV Chilled water AHU 51 

3 Heaslip House Continuing Education 
VAV Chilled water AHU 63 (CEO) 

4 Kerr Hall (KNE, KNW, KSE. KSW) CAV Chilled water AHU 380 
5 Engineering Building (ENG) VAV I Chilled water AHU 77 
6 Jorgenson Hall (JOR) CAV Chilled water AHU 98 
7 Library Building (LIB) VAV Chilled water AHU 118 
8 Podium (POD) VAV Chilled water AHU 68 

i 9 Student Campus Centre (SCC) VAV Chilled water AHU 36 
10 School of Interior Design (SID) VAV Chilled water AHU 20 
11 Eric Palin Hall (EPH) VAV Chilled water AHU 186 

12 Sally Horsfall Eaton Centre for Studies VAV Chilled water AHU 
in Community Health (SHE) 

Heidelberg Centre-School of Graphic 
13 Communications Management VAV Chilled water AHU 28 

(HEIIGCM) 

14 Rogers Communications Centre (RCC) VAV Chilled water AHU 76 

15 Pitman Hall (PIT) VAV Chilled water AHU 15 

16 Rogers Business Building (RBB) VAV Chilled water AHU 208 
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The capacities of two central chiller plants are listed in Table 14 (based on the 

information from Campus Planning maintenance department). 

Table 14: List of central chiller plant of Ryerson University 

Chiller 
Make 

4220 kW 
4220 kW 

Ton or 1758 kW 
100 Ton or 352kW 
100 Ton or 352kW 
3100 Ton or 10903 kW 

PI L ant ocate d" h RCC b "Id" mte UI mg 
i Trane Chiller # 1 265 Ton or 932 kW 
Trane Chiller # 2 265 Ton or 932 kW 
Total Capacity 530 Ton or 1864 kW 

Cooling Tower 
Make Model Number 

(South) RAC. VLT1200 
(East) B.AC. Info plate missing 
(North) B.AC. VLT1200 
(RCC) B.AC. T1662NCR 
(West) Marley Cooling Technologies NC-240859-A 1 

HVAC data was collected for all of these buildings according to the requirements 

of Carrier HAP modelling. Data collection procedure for Heaslip House Continuing 

Education (CED) is listed below and data for the other buildings is listed in Appendix-B. 
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Air-conditioning systems for CEO: 

AHU Schedule 

Table 15: AHU schedule 
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Exhaust Fan Schedule ! 
i 
I 

Table 16: Exhaust fan schedule i 
i 

, Exhaust 
Served area 

Capacity Motor 
Type 

i Fan (CFM) (kW) 
i EF-1 Sanitary 2775 0.75 Cant 

EF-2 General 2100 0.56 Cant 
EF-3 CCS Exh 310 1.5A Cant 
EF-4 Elect. Room 310 1.5A Cant 

EF-5 
Base Gen 215 2.3A Cant 
Exh. 

Heat Exchanger Schedule 

Table 17: Heat exchanger schedule 

HEX# Service IN Out 
(0C) (OC) 

HEX-1 AHU-1 Glycol Preheat Coil 48.9 82.2 
HEX-2 AHU-2 Heating Water 71.1 82.2 
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Heater Schedule 

Table 18: Heater schedule 

Heater 
Type Capacity MotorkW Wet Wet 

O· t~~r f I (UH/FFH) Side Side IS rI U Ion! 
Area EWT LWT System 

ft' °C °C I 

UH-1 Horizontal Unit 82.2 71.1 VAV-FPB 
FFH-1 Recessed Cabinet 4.8 0.075 82.2 71.1 VAV-FPB 
FFH-2 Recessed Cabinet 9.4 0.075 82.2 71.1 VAV-FPB 
FFH-3 Surface Mount 7.6 0.075 82.2 71.1 VAV-FPB 

Pump Schedule 

Table 19: Pump schedule 

Pump# Service Motor Total Head 
(kW) (m) 

P-1 Heating Water 2.24 16.5 
P-2 Heating Water 2.24 16.5 
P-3 Heating Glycol 0.56 12.2 
P-9 Steam Condensate Return Pump 0.25 10.6 

P-12 Condenser Glycol Pump 0.11 4.9 

3.2.1.2. DHW, DeW systems 

Pump Schedule 

Table 20: DHW, DeW pump schedule 

Pump# Service Motor Total Head 
(kW) (m) 

P-4 Fire Pump 14.9 40.8 
P-5 Jockey Pump 0.75 45.9 

P-6A & B Domestic cold Water Booster Pump 2.24 24.7 
P-7A & B Storm Sump Pump 0.33 4.4 
P-8A & B Sanitary Sump Pump 0.33 4.4 

P-10 DHW Recirculation Pump 0.12 3.1 
P-11 DHW Circulation Pump 0.12 3.1 
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3.2.1.3. Lighting systems 

Lighting load is a very important part for the overall energy consumption. Lighting 

load was calcljlated from the electrical drawing based on the lamp types, fixtures, total 

number of lamp used in the specific area, types of exit lights and plug load assumed for 

the computers, printers and electrical appliances. Some of these buildings' lighting 

loads were assumed from the ASHRAE 90.1-2004 standard because lack of lighting 

information. All of these information were then input in Carrier HAP to estimate electrical 

energy consumption for lighting and plug load. 

3.2.2. Non-energized systems 

Non-energized system of the building can be considered as building site, building 

envelope and building operation which did not use any electricity for operation. 

3.2.2.1. Building site 

Ryerson buildings are located in geographical coordinate of 43°40' Nand 79°25' 

W. Figure 12 shows entire Ryerson campus in down town 

(http://luna.ccs.ryerson.ca/stlhe201 O/downloads/campus_map.pdf). 

RyersorCampus Map 

Figure 12: Ryerson campus map 
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3.2.2.2. Building envelope 

The building envelope consists of those parts of the building that separate the 

controlled indoor environment from the uncontrolled outdoor environment. It typically 

includes the foundation, floors, walls, fenestration (windows and doors), and roof. Heat 

flow through the building envelope is mainly associated with the energy performance of 

buildings. In order to establish building energy simulation program for the Ryerson 

buildings, data was collected from architectural drawings and structural drawings for the 

building envelope including exposure as: 

• Wall assembly 

o Exterior wall assembly layers defined as inside to outside 

o Interior wall assembly 

• Window 

o Types of window depends on glass used 

• Door 

o Types of door like sliding, entrance, revolving 

• Floors 

o Above conditioned space 

o Above unconditioned space 

o Slab floor on grade 

o Slab floor below grade 

• Roof 

o Roof assembly layers defined as inside to outside 

• Skylight 
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Energy audit was conducted for the 86% of total Ryerson campus. There were 

16 number of high rise buildings audited and simulated in this report. All buildings 

envelope data were collected for the requirements of Carrier HAP software. One of 

these buildings (CEO building) envelope data collection process is described below 

from the architectural and structural drawings and remaining buildings' envelope data 

are listed in Appendix B. Figure 13 represents different wall types construction used in 

the CEO building. 

North & East Wall Construction 

West Wall Construction 

Figure 13: Types of wall construction (layer inside to outside) 

Figure 14 presents different window types construction used in the CEO building. 

North, East & West- Window Construction 

Figure 14: Types of window construction 
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Figure 15 presents roof used in the CED building. 

Y2 in 

gypsum 
board 

Air 
Space 

Roof Construction 

8-in HW 
concrete block 

Figure 15: Roof construction 

Figure 16 presents door used in the CED building 

Entrance Door Construction 

Metal with Aluminum Frame 

Figure 16: Door construction 
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4. Modelling 

Modelling is a major part of building simulation software. It includes building 

model, HVAC system model and weather data. In building model it is necessary to 

consider building static and dynamic behaviour, occupancy loads, comfort requirements 

and control strategies like air quality, air temperature, and humidity. For HVAC system 

model could be described as air conditioning process, HVAC system components like 

terminal units, air handling units, and water, air, steam distribution systems. Figure 14 

presents building model and HVAC system. 

LOADS 

Buildings HVAC 

Control 

Plant 

-
Energy , 

Consumption 

Figure 17: Model block diagram 

4.1. Building modeling 

The dynamic behaviour of the building like transient heat transfer through walls, 

energy storage in slabs, internal generated heat gains, and solar heat gains through 

windows, infrared losses, ventilation and heating/cooling devices are actually taken into 

account in order to compute heating and cooling load demands. Most of the Ryerson 

buildings can be modeled as large occupancy zone due to institutional building, 

surrounded by some of them external glazed and opaque walls. 
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4.2. HVAC system modeling 

HVAC system model, including Constant Air Volume (CAV), Variable Air Volume 

01AV), Air Handing Unit (AHU), some local heating and/or cooling Terminal Units (TU) 

and a heating and cooling plant, is shown in Figure 18. 

... -.................. "" .......... BUILDING 

OUT 
AHU L(Q) <¢:J ZONE 

D 
AIR -

~Xl,X @Jr"'O 
---DUCTS--"-

< TU ...... _ ............... "' .. 
l€)-

.~ 5..J 

I J8l --
PU

m LJ WATER 
NETWORKS BOILER 

-ir-.....--
I ~t> 

I 

Figure 18: HVAC system modelling (Bertagnolio & Lebrun, 2008) 

HVAC is the major part of the energy consumption for buildings. This study was 

estimated that HVAC systems consume about 53% of the total energy used in buildings. 

The study also was conducted in Montreal and it is estimated that 50% of the total 

energy consume in HVAC systems (Huang et al., 2006) 

The AHU model, including recovery system, economizer, filter, preheating coil, 

adiabatic humidifier, cooling coil, post heating coil, steam humidifier, main fan and 

return fan, is shown in Figure 19. 
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Figure 19: AHU components (Bertagnolio & Lebrun, 2008) 

4.3. Weather data 

Weather Data refers to the temperature, humidity and solar radiation conditions 

experienced by the building and its HVAC equipment. Weather data has a significant 

effect on building loads and equipment operation. Weather data plays a key role in load 

calculations and system performance calculations. This project conducted building 

energy simulation for Ryerson University buildings using hourly analysis program 

Carrier HAP. Carrier HAP also used to refer to information about the geographical 

location of the building, the nature of local time and local soil properties. Ryerson 

University is located in Toronto, Ontario, Canada. Figure 20 presents design 

parameters for weather properties used in Carrier HAP. 
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Data Source: 
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2001 ASHRAE Handbook 

OK Cancel jjelp 

Figure 20: Carrier HAP weather properties (Carrier Hf.P, 2006) 

HAP deals with two distinct kinds of weather data: 

• Design Weather Data is used to perform cooling and heating design load 

estimates. 

• Simulation Weather Data is required when performing 8,760 hour energy 

simulations. 

Simulation weather data refers to the 8,760 hour sequence of actual weather data 

used to simulate building loads and HVAC equipment operation over the course of a 

year. Results of these simulations are used to compute annual energy use and energy 

costs. This data is only used in HAP and not in HAP System Design Load. 
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5.0. Building simulation using Carrier HAP 

5.1. Carrier HAP OveNiew 

The purpose of this project is to application of Carrier HAP whole building energy 

simulation program to analyses hourly energy consumption for the Ryerson University 

buildings. 

Carrier's hourly analysis program (HAP) by Carrier Corporation provides two 

powerful tools. The first tool is used to estimate the load and design system. The second 

tool is used to simulate energy use and to calculate energy cost. It also simulates 8760-

hr building energy performance to derive annual energy use and energy costs (Carrier, 

2006). 

HAP uses six different calculation methods: 

• The Loads engine uses the ASHRAE Transfer Function Method to analyze 

dynamic heat transfer in the building, producing space cooling and heating 

loads, 

• The Systems engine simulates the thermo-mechanical operation of· air side 

systems, 

• The Sizing engine integrates with both the loads and systems engines to 

determine required sizes for diffusers, ~ir terminals, fans, coils and humidifiers, 

• The Plant engine simulates the operation of chilled water and hot water plants, 

• The Building engine collects energy and fuel consumption data from the system 

and plant calculations and combines them with utility rate specifications to 

produce energy meter consumption totals and energy costs. and 

• life-cycle engine in a separate, but integrated program combines energy costs 

from HAP with purchase, installation and maintenance costs to derive life-cycle 

costs. 

The program is a powerful tool for designing systems and sizing system 

components. 
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HAP can easily handle projects involving: 

• Small to large commercial buildings, 

• Systems including packaged rooftops, packaged and built-up central air 

handlers, fan coils, 

• Many types of constant volume and VAV system controls, 

• Small office buildings, retail stores, strip shopping centers, schools, churches, 

restaurants, large office buildings, hotels, malls, hospitals, factories and multi

use buildings and 

• New design, retrofit or energy conservation work. 

HAP provides following extensive features for configuring and controlling air-side 

HVAC systems and terminal equipment. 

• Part-load performance models are provided for split DX units, packaged DX 

units, heat pumps, chillers and cooling towers, 

• Hydronic loops can be simulated with primary-only and primary/secondary 

configurations, using constant speed or variable speed pumps, 

• Energy costs can be calculated with simple or complex utility rates, the latter 

including energy and demand charges, time of day and year pricing, and 

demand determination clauses such as ratchets, 

Although HAP is powerful simUlation software it has following limitation: 

• Air system has a limit of 100 zones, 

• Spaces up to 50 per zone, 

• Up to 100 plants, 

• Spaces up to 2500 per project, 

• Maximum Wall constructions 8, window constructions 16, door constructions 

8, and 16 shade geometrics per space, 

• Systems up to 250 per project, 

• Plants up to 100 per project, 

• Buildings up to 100 per project, 
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5.2. Carrier HAP structure: 

Carrier HAP program uses an explorer type of graphical user interface (GUI) to 

provide quick and efficient access to the project data. The user-friendly graphical 

interface of Carrier HAP makes the entry of data quick and easy. Carrier HAP 

methodology can be presented in Figure 21 in order to create an input data file for the 

base case building. 

Weather Properties 

.. ,. 
DeSign Data Simulation Data 

I Air System Properties I .. .. .. .. ..- ..-
Equipment Air System System > Zone Sizing 

Type Type Component Component Data 

System Misc. Energy Energy Info 

Figure 21: Carrier HAP data input structure 
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5.3 Building envelope 

HAP. 

The building envelope is one of the major parts of space properties in Carrier 

Space properties section consists of: 

• General space information for space uses, floor area, ceiling height. building 

weight, outdoor air requirements, 

• Internal heat gain for light, plug load, occupancy, people activity, schedule, 

sensible and latent heat gain, 

• Wall, window and door construction, exposure area, shade type, 

• Roof and skylight construction, exposure, 

• Infiltration air in terms of CFM, CFM/ft2, ACH, 

• Floor type, area, U-value, 

• Partition type, area, U-value, maximum and minimum temperature. 
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Figure 22 shows space input data for the CED building 

£iI HAP43 - [CEO_Ryerson University] 

,"=S~c~e ______ JI-'FIoor=~~_ 

6421-422 P.O. 215.3 
64ZH24 P.O. 215.3 
6425 P.O. 107.6 
6 42S·Meeting Room 247.6 
rBD 427 Mee~ng Room 129.2 
rBD 428-Conidot 306.8 
'lil'hzs..t31 Open OffICe 1496.2 

,~ - .. ~.. ~~:~ ED Space Prop.!!rties - [626 Dean Office) 

Gonerellintemalsi Wais,WiOOoM,DOOI.1 RooIs.SkjIi!#ltsllnlilrationl FkxXfI Paililml 
395.0 
430.6 
147.5 
147.5 
215.3 

Name ~11*~~1r.1~J.f~ .. r.ilrnllmrn--· -----

floor Area 1236.8 ftl 

Avg Ceiling !:Ieight 19.0 It 

Builling'ii.eirft. 110.0 hIftl 

~V~R~~--------------~ 

Space jJ:ag1ll I OFFICE: OffICe SpacI!I 

DARequirementl 120.0 ICFMlperson 

~ Reqt.irement Z r::'lo.~oo=-----1 CFM/lt" 

Space usage delaultt: ASHRAE SId 62·2001 
Delds can be chanQed via V_JPreferencM. 

OK Cancel I 

Figure 22: Space (Zone) Input Data Form 

215.3 
215.3 
37&7 
lOS.S 
1496.2 
441.3 
395.0 
430.6 
147.5 
141.5 
215.3 
215.3 
215.3 
362.7 
236.8 
376.7 

Total number of space created for CED building is 71, three types of wall 

assembly, four types of window assembly, one entrance door, and one roof assembly. 

Wall constructions are used: 

1. East Wall Assembly (Exterior Wall) Exposed to outside environment 

Overall Heat Transfer Coefficient: U-Value= 0.377 W Im2/K 

2. West Wall Assembly (Exterior Wall) Exposed to outside environment 

Overall Heat Transfer Coefficient: U-Value= 0.354 W Im2/K 

3. North Wall Assembly (Exterior Wall) Exposed to outside environment 

Overall Heat Transfer Coefficient: U-Value= 0.310 W Im2/K 
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Window constructions are used: 

1. East Glass Assembly 

Overall Heat Transfer Coefficient: U-Value= 3.601 W Im2/K 

2. North Glass Assembly 

Overall Heat Transfer Coefficient: U-Value= 3.617 W Im2/K 

North Window Assembly 

Overall Heat Transfer Coefficient: U-Value= 3.629 W Im2/K 

3. West Window Assembly 

Overall Heat Transfer Coefficient: U-Value= 3.629 W Im2/K 

Entrance Door: 

Overall Heat Transfer Coefficient: U-Value= 1.703 W Im2/K 

Roof Assembly: 

Overall Heat Transfer Coefficient: U-Value= 0.322 W Im2/K 

5.4. Air distribution system: 

An air distribution system is the equipment and controls which provide cooling 

and heating to a region of a building. An air system serves one or more zones; each 

zone is a group of one or more spaces having a single thermostatic control. There are 

63 zones created in the CED building in order to well describe an air distribution system. 

Figure 23 shows an air system properties data sheet for Carrier HAP. 
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Figure 23: Air system properties data form for Carrier HAP 

Carrier HAP air distribution system consists of following parameters: 

Equipment types include: 

• Packaged Rooftop Units 

• Self-Contained Units 

• Split OX Air Handling Units 

• Chilled Water Air Handling Units 

• Packaged and Split OX Fan Coils 

• Hydronic Fan Coils 
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• Water Source, Ground Source, and Groundwater Source Heat Pumps 

• Water Source, Ground Source, and Groundwater Source Heat Pumps 

CED building uses air handling unit for cooling and heating purpose using chilled 

water cooling coil and remote steam heating coil. Most of the Ryerson buildings use 

VAV system types including VAV with reheat, fan powered mixing boxes. And some of 

them are CAY with terminal reheat. Different types of air systems are listed in Table 13. 

There are different types of control system as: 

System types include: 

• Single Zone CAY 

• CAY with Terminal Reheat 

• Multizone CAY 

• Bypass Multizone CAY 

• Dual Duct CAY 

• 4-Pipe Induction 

• Tempering Ventilation 

• VAV and VAV with Reheat, Series Fan Powered Mixing Boxes, Parallel Fan 

Powered Mixing Boxes, or mixed terminals 

• 1-Fan Dual Duct VAV 

• 2-Fan Dual Duct VAV 

• VVT 
Systems are configurable with many controls and components including: 

• Supply air temperature reset 

• Ventilation airflow control 

• Outdoor air economizers 

• Ventilation air heat reclaim devices 

• Humidistats and humidifiers 

• Preheat and precool coils 

• Central cooling and central heating 

• Duct system 

• Supply fan and return fan 
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Figure 24 shows different parameters required for the system components 
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Figure 24: Parameters for the system components in Carrier HAP 

CEO and most of the buildings using proportional airflow control model of 

uncontrolled or partially controlled ventilation air for variable volume systems and 

constant airflow control model for CAV systems and Engineering Building uses demand 

control ventilation (OCV) system, defined by C02 differential. 

Proportional airflow method control the ventilation airflow rate as the supply 

airflow varies. This ventilation airflow rate is calculates by the sum of space OA airflow 

ventilation sizing method. This method calculated the design ventilation airllow by 

summing the space outdoor airtlow requirements for all spaces served by the system. 

Certain ventilation standards and codes use this process. This system is also typically 

used when the building is not subject to a ventilation standard or code. 
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C02 sensors are used in each zone to control ventilation air for the demand 

controlled ventilation (DCV) models. Since occupants are the primary source of CO2 in 

most buildings, measuring C02 is a means of indirectly measuring the number of 

occupants present in a zone. Outdoor ventilation air can then be adjusted as C02 

levels change so the proper ventilation per occupant is maintained, while at the same 

time minimizing ventilation air and therefore the corresponding cooling and' heating 

loads due to ventilation. In this system C02 data will be collected to establish a control 

profile which relates a zone C02 levels to ventilation airflow rates. The Carrier HAP 

program performs a CO2 balance calculation to estimate CO2 levels at all points in the 

system. The zone CO2 levels and the control profile together determine the amount of 

ventilation air introduced into the system. 

Outdoor air economizer is the factory default builds up in every air handling unit. 

An economizer is used to vary the flow of outdoor air into the system to reduce or 

eliminate the need for mechanical cooling or heating. There are different types of control 

used in the economizer, some of them include: 

• integrated enthalpy control, 

• integrated dry-bulb control, 

• non-integrated dry-bulb control, 

• upper cutoff, and 

• lower cutoff 

As shown in Figure 25, most of the buildings at Ryerson University air distribution 

system can be described. In this system a portion of the room return air (RA) is 

exhausted (exhaust air, EA), and the rest is mixed with outdoor air (OA). The mixed air 

is cooled in the cooling coil (CC) for cooling demand or heated in the heating coil (HC) 

for heating demand and circulated via the supply fan, return fan, air distribution duct and 

VA V box arrangement. In response to the demand for cooling or heating from the zone 

thermostat, the supply air (SA) volume flow rate is varied by modulating the damper by 

controller. Similarly, controller maintains the supply air temperature near its set point 

value by modulating the chilled water valve. Also, the OA is controlled by modulating the 

outdoor air damper by another controller. 
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LEGEND: 

AlRSYSTEM COMPONENTS ---

AlR SYSTEM OPTIONS 

--..,.. --

---
Figure 25: VAV with terminal reheats air distribution system (Carrier HAP, 2006) 

The Zone Components contains information about components located in or 

adjacent to zones served by the system. This includes supply terminals, thermostats, 

supplemental heating units and the spaces included in the zone. The Thermostats data 

view contains information about zone thermostat controls, the zone diversity factor and 

direct exhaust air. Figure 26 shows information required to establish zone components 

in Carrier HAP. 
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Figure 26: Zone components data form 

In zone component thermostat data can be set one set of data to all zones or 

data will be defined on a zone-by-zone basis. In the Figure 26, data for the CEO 

building zone is shown. In this case all zone T-stats set the same, that's why the zone 

name appear as "All Zonesll indicating common data for all zones is shown. The 

Thermostat Schedule defines the daily "occupied" and "unoccupied" system operating 

periods. In CEO building thermostat schedule selected as unoccupied cooling is not 

available to the whole system. There are three types of Fanrrhermostat schedule used 

for this system. Figure 27 shows weekday, weekend and holiday thermostat schedule. 
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Figure 27: Thermostat schedule (weekday, weekend and holiday) 
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5.5. Cooling and heating plant 

Cooling and heating plant are the equipment and controls, which provide chilled 

water to cooling coils and hot water or steam to heating coils in one or more air 

systems. Ryerson campus chilled water is supplied by the central chillers plant for 15 

buildings and remote steam supplied by the enWave. Chillers plant data and remote 

steam information were collected from the campus planning and entered to the Carrier 

HAP software in order to generate plant sizing and energy uses. This report described 

the chillers plant and cooling towers information, which were located in the Library 

building and Rogers Communication Centre building. Based on the information was 

gathered from the Campus Planning Table 21 through Table 24 describe detail 

information for the chillers plant and Table 25 present cooling tower information. 

Table 21: McQuay 1200 ton double effect absorption water ch iller specification 

Chiller Plant: Double Effect Absorption Water Chiller 1200 Tons 

Type NC (Steam-fired chiller) Model NO. NC-73U 

Field Units Object 

Chiller Name: McQuay 

Condenser Type - Water Cooled 

Full load Capacity Ton orkW 1200 Tons or 4220.2 kW 

COP - 1.46 

I Fuel or Energy Type - Steam 

Fuel Consumption Ibs/hr 11760 

Entering Cooling Water Temperature OF 85 

Leaving Cooling Water Temperature OF 44 

Chilled Water Flow Rate GPM 2880 

• Chilled Water Pressure Drop ft. H20 22.8 
! 

Cooling Water Flow Rate GPM 5280 

Cooling Water Pressure Drop ft. H20 34.9 

PUMP SPECIFICATION 

NO.1 Absorbent Pump kW 7.5 

NO.2 Absorbent Pump kW 3.7 

Refrigerant Pump kW 1.1 

Purge Pump kW 0.75 

Total RLA amps 37 

55 

• ,,'1 



JiifR ; m 

Table 22: Carrier 500 ton centrifugal water cooled chiller specification 

Chiller Plant: Electric 

Field Units 

Chiller Name: Carrier 

Chiller Type Centrifugal water Cooled 

Refrigerant Type R-134a , I, 

i Condenser Type - Water Cooled 

Full load Capacity Ton orkW 500 Ton or 1758.4 kW 

Fuel or Energy Type - Electric 

Full Load Power kWrron 0.597 

Entering Chilled Water Temperature of 85 

Leaving Chilled Water Temperature of 44 

i Chilled Water Flow Rate GPM 1200 

Chilled Water Pressure Drop ft. H20 12.9 

Cooling Water Flow Rate GPM 1500 

Cooling Water Pressure Drop ft. H20 27 i; , 

Condenser Water Pump 
HPorkW 15 HP 111.22 kW 

Armstrong(4300TC) 
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Table 23: Trane 275 ton centrifugal water cooled chiller specification 

Chiller Plant: Electric 

Field Units 

Chiller Name: Trane i 

Chiller Type Centrifugal water Cooled 

Refrigerant Type 

Condenser Type - Water Cooled 

Full load Capacity Ton 275 Ton 

Fuel or Energy Type ! - Electric 

Full Load Power kWffon 1.18 

Full Load COP 2.8 

Entering Chilled Water Temperature of 85 

Leaving Chilled Water Temperature of 44 
i 

Chilled Water Flow Rate GPM 660 

Chilled Water Pressure Drop ft. H20 16.2 

Cooling Water Flow Rate GPM 825 

Cooling Water Pressure Drop ft. H20 27 
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Table 24: York 100 ton air cooled scroll chiller specification 

Chiller Plant: Electric 

Field i Units 

Chiller Name: York 

Chiller Type Air-Cooled Scroll Chiller 

Refrigerant Type 

i Condenser Type - Air Cooled 

Full load Capacity Ton 100 Ton 

Fuel or Energy Type - Electric 

. Full Load Power kWfTon 1.2 

Full Load COP 2.8 

Entering Chilled Water Temperature of 85 

i Leaving Chilled Water Temperature of 44 
i 

I Chilled Water Flow Rate GPM 240 

Chilled Water Pressure Drop ft. H20 10.7 

Cooling Water Flow Rate I GPM 300 

Cooling Water Pressure Drop ft. H20 20 
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Table 25: Marley cooling tower specification 

Cooling Tower (Marley Cooling Technologies) 

Model NC 240859-A 1 

Field Units Object 

Fluid Type Fresh City Water 
! 

Condenser Water Flow Rate GPM 4800 

Condenser Pump Head m orftWG 50ftWG 

Condenser Pump Mechanical 
% 80 

Efficiency 

Condenser pumps Electrical 
% 94 

Efficiency 

Hot water of 95 

Cold water of 85 

. Design Approach of 10 

Full Load Fan HP 50 

Chilled Water set pOint of 85 

Set Point Control 
Variable Speed Fan 

« . 
: .. 
~ ,. 
" 
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Figure 28 shows sample chiller plant schematic diagram for central air 
conditioning system. 

8)'PU1 plpe 

Figure 28: Sample chiller plant schematic diagram (Yu & Chow, 2007) 
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Figure 29 shows the detail input data in Carrier HAP chiller properties for the 
McQuay Absorption Chiller 

m Cruller Properties - !McQuay Absorption # 1] ~ '.'w 

'" 
~ "" .. "'~ ", ;;.'·"<»-·:l~< 

General T Deslgn Inputs T Performance Map 

I 
Full Load LCHWr: I :E ·C Cooler Row Rate: I 181.1 Us 

Full Load EACWT: I 29.4 'C Cooler Pressure Drop: I 68.0 lcPa 

Full Load Capacity: I 4220.2 ~ AbsICond Flow Rate: I 333.1 Us 

Full Load Steam Input I 1.264 I kglkWh 3 AbSICond Pressure Drop I l04.f lcPa 

I ElectriC Input I 60.0 ~ 

Steam Heat Content I 192U kJJl<g 

Minimum EACWT Setpolnt I 15.6 'C 

I Minimum Load: I 10.000 "Ii 

I I t 

I 
i I OK I Cancel I Help I 
i Full Load Leaving ChiUed Water Tllmperature !wn: 1.1"C i Max: 21.1 ·C 

Figure 29: Chiller input data form (Carrier HAP, 2006) 

Air distribution system for these chillers plant selected as variable speed 

secondary type. One constant speed pump is paired with each chiller in the system. 

These constant speed pumps maintain a constant flow through the individual chiller or 

boiler legs in the primary portion of the system. Therefore, each primary pump operates 

at its design point. A separate variable speed pump, or group of variable speed pumps 

in parallel, drives flow in the secondary portion of the system. Two-way valves regulate 

flow through air system coils. A differential pressure sensor measuring pressure 

between the supply and return legs of the secondary system controls the secondary 

pump speed to maintain a constant differential pressure. As a result, the secondary 
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pump rides the system cLirve as flow varies. This configuration is shown in Figure 30 

below and Figure 31 shows the required data for the plant properties in the distribution 

system. 

CH-1 

CH-2 
P2 

AHU-1 

AHU-2 

AHU-3 

~-~ ~~# 
.... ~ .. ~ DP-l ~ ........ 

-'" 

.. ,,, .... " 

PJ (vsd) 

Figure 30: Primary/Secondary, Variable speed secondary of air distribution system 
(Carrier HAP, 2006) 
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I4J Plant Prop!!rties - {Central Cooling Plant} ~'" " , '>Y ~", ... '~'. -'~'!:>~- UL-I 

General T Systems T Configuration I Schedule of Eq~t T DistrillUtlOll 

--f"· .. ",,.,m 
Fluid Properties 

, ,TYPe I Secondary OnlY, Variable Speea :!J Name iFreM "'at. i] 

! I Co. 00II., • ",,!g. ,.. "K Density I 999.6 kglm' 
I 

; • Pipe Heat Galn Factor ro:o ~ SpedllcHeat I 4.19 k.J 1 (leg -'K) I i I . , 
Secondary Loop 

! j l ~l I Mech I E~ Head Elliciencv Effoc:iency 
(kPa) ("I~J . 

n",,,lnn 156.1 I 2£8.5 I 80,0 I 94.0 

II 

Control Head I 2&11.5 kPa ; 

Minimum Pump Flow ~'" 
! 

I OK I Cancel I H~ I 

Type Ii ~ and pipi1g system u;ed I I 

;;1 Figure 31: Plant distribution system data form (Carrier HAP. 2006) 
i ,: 

i: 
:c' 
t 5.6. Energy rate 
~ t The flat rate of chilled water ($0.23/ton-hr) was calculated from the conceptual 
! 
, model of central chiller plant output data, located in the Library Building. This price was 

used all HAP model for calculation annual chilled water energy cost. The detail 

calculation is given in Appendix C. In order to lack of sufficient information from the 

Campus Planning, flat rate were assumed for steam $0.025I1b and for hydro $0.10/kWh. 
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6.0. Energy calculation and simulation 

Buildings are built to provide a safe and comfortable internal environment 

despite variations in external conditions. Building energy calculation and simulation 

based on the energy uses in the building for different purposes, i.e. cooling, heating, 

lighting, plug load, etc. Generally heat loss and heat gain by conduction, convection and 

radiation is the main part of energy calculation process. Heat transfer through a solid 

material, referred to as conduction, which involves energy exchange at the molecular 

level. Radiation, on the other hand, is a process that transports energy by way of photon 

propagation from one surface to another. Convection heat transfer depends upon 

conduction from a solid surface to an adjacent fluid and the movement of the fluid along 

the surface or away from it. These heat transfer processes considered for heat balance 

method to determined building loads. 

6. 1. Base case simulation of Ryerson buildings using carrier HAP 

As a base model for energy audit simulation study, 16 buildings at Ryerson 

University have been considered. The climate conditions for Toronto are 43.7 degree 

latitude and 79.6 degree longitude, high dry and wet bulb temperatures are 30.6°C and 

21.7°C, the daily range is 11.2°C and CWEC weather location data was used (Carrier 

HAP, 2006). The heating and cooling load of the air system of the base case building 

depends on the actual schedules of occupancy schedule, lighting schedule, equipment 

schedule, fan/thermostat schedule and ventilation requirements. 

Energy simulation result obtained from Carrier HAP of the Ryerson base case 

buildings were compared with the Campus Planning energy bills for hydro consumption, 

remote steam consumption and maximum plant cooling load. 
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6. 1. 1. Simulation results of the Ryerson buildings 

Building simulation reports contain energy consumption and energy cost data 

produced by the building energy simulation program Carrier HAP. This report contained 

simulation result for the followings: 

1. Comparative reports contain cost and energy results for individual buildings 

2. Summary reports contain annual cost and energy use data for individual building 

3. Detailed reports contain tables of monthly energy and cost data for individual 

building 

4. Use profiles contain the hour-by-hour energy use profile for a building for one 

energy source or fuel type. 

• Annual components and energy costs 

• HVAC and non-HVAC cost totals 

• Monthly components and energy costs 

• Monthly, daily and hourly air system simulation reports 

6.1.2. Lighting and plug load simulation result 

From Carrier HAP simulation result it is estimated that 49% of electrical energy 

consumption is due to lighting, plug load and miscellaneous uses. Figure 32 presents 

annual components electrical energy consumption in Ryerson buildings. From this 

figure it shows that 26% hydro consumption is for lighting, 19% hydro consumption is for 

equipment and 4% hydro consumption is for miscellaneous electric. So when attempting 

energy savings, lighting is the first area in a facility to look for savings because changes 

are usually easy and inexpensive. Table 26 presents' percentages of annual 

components hydro energy consumption and Table 27 presents annual components 

hydro energy consumption per square meter. 
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Annual component energy consumption of 16 Ryerson 
buildings 

Ai r System Fans • Cooling 0 Heating 
• Lights • Electric Equipment • Misc. Electri c 

o Pumps 

Electric 
Equipment 

19% 

Misc. Electric 
4% 

Pumps 
1% 

Air System Fans 
6% 

Figure 32: Annual components energy consumption 

Table 26: Percentage of annual components energy consumption 

Components Total energy consumption (%) 

Air System Fans 6 

Cooling 21 

Heating 23 

Pumps 1 

Lights 26 

Electric Equipment 19 

Misc. Electric 4 

Total 100 
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Table 27: Annual components hydro energy consumption per square meter 

Hydro energy Hydro energy 
Components consumption consumption 

(kWh) (kWh/m2) 

Air System Fans 4338489 18 
Cooling 15868834 66 
Heating 17257792 72 
Pumps 619044 3 
Lights 20273333 84 
Electric 14681308 61 
Equipment 
Misc. Electric 3418056 14 
Total 76,456,856 318 

Figure 33 presents hydro consumption for Non-HVAC components per gross unit 

160 

140 

Ne 120 

I 100 
c: 
0 
~ 80 
E 
:::l 

~ 60 

2 40 
~ 

-

20 

Hydro consumption for Non-HVAC components 
(Energy/Gross Area) 

I_ Light _ Equipt. o Misc. Elect. I 

r-- -

r-- I-- r--- - 1-- - ,- -

I-- r-- I-- - I- I-- r-- i- i- I-

n, D, 'T- tL Q, 'T- Cl l 

Name of buildings 

- I-- I--

I 
r-- l-

~ 

Figure 33: Hydro consumption for Non-HVAC components (gross area) 
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Figure 34 presents hydro consumption for Non-HVAC components per 

conditioned unit area 
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Figure 34: Hydro consumption for Non-HVAC components (conditioned area) 
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Table 28 presents Carrier HAP simulation result for the annual hydro 

consumption per unit area of Non-HVAC components for each building 

Table 28: Annual hydro consumption for Non-HVAC components per square meter 

Energy/Gross Area Energy/Net Condo Area 
51. Name of Misc. Misc. 
NO. Building Light Equipt. Elect. Light Equipt. Elect. 

(kWh/m2) (kWh/m2) (kWh/m2) (kWh/m2) (kWh/m2) (kWh/m2) 
1 ENG 84 82 10 107 105 13 

2 KNE, 73 45 10 127 78 15 
KNW,KSE,KSW 

3 SCC 67 27 0 94 38 0 
4 HEI 74 51 0 92 64 0 
5 CEO 48 23 33 87 43 61 
6 IMA 67 43 10 87 56 12 
7 VIC 79 48 7 102 62 9 
8 JOR 100 49 33 134 66 45 
9 LIB 150 140 45 180 168 54 

10 POD 86 61 31 139 99 50 
11 & 

EPH & SHE 98 56 8 119 68 10 12 
13 SID 54 15 6 82 23 9 
14 PIT 71 73 17 62 73 17 
15 RCC 65 56 0 79 67 0 
16 RBB 85 58 0 124 84 0 

6.1.3. Cooling load simulation 

There are two groups of buildings served by the central chiller plants for 

cooling and remote steam for heating. Group 1 central chiller plant located in the 

Library building has a total capacity of 10903kW and Group 2 central chiller plant 

located in the Rogers Communications Center building has a total capacity of 1864 

kW. Table 29 presents annual total cooling load demand for 16 Ryerson buildings. 

Figure 35 and Table 30 present annual cooling load demand for individual buildings 

per sq uare meter. 
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51. NO. 

1 

2a 

2b 

2c 
2d 

3 

4 

5 

6 
7 
8 
9 
10 

11 
12 
13 

14 

15 

16 

JIWF 

Table 29: Total annual cooling load demand for individual building of 

Ryerson University 

Total Total 
Name of Building Cooling Cooling 

Load (kWh) Load (GJ) 
Engineering Building (ENG) 1890651 6806 

Kerr Hall (KNE) 
~ 

432045 1555 

Kerr Hall (KNW) 372691 1342 

Kerr Hall (KSE) 1483211 5340 
Kerr Hall (KSW) 1261217 4540 
Student Campus Centre (SCC) 198614 715 
Heidelberg Centre-School of Graphic 

159308 574 Communications Management (HEI) 
Heaslip House Continuing Education 

205136 738 (CEO) 
School of Image Art (IMA) 596157 2146 
Victoria Building (VIC) 781200 2812 
Jorgenson Hall (JOR) 1078274 3882 
Library Building (UB) 1727593 6219 
Podium (POD) 1258069 4529 
Eric Palin Hall (EPH) 1481285 5333 
Sally Horsfall Eaton Centre (SHE) 
School of Interior Design (SID) 162072 583 
Group 1: Total Cooling Load 13,087,523 47115 

Pitman Hall (PIT) 190740 687 

Rogers Communications Centre 830394 2989 
(RCC) 

Group 2:Total Cooling Load 1,021,134 3676 

Rogers Business Building (RBB) 1845076 6642 

Total Cooling Load for Audit Area 15,953,733 57,433 
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Annual cooling load demand per unit area 
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Figure 35: Annual cooling load demand per unit area 
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Table 30: Cooling load for individual building per square meter 

51. Gross Net 
Energy/Gross 

Energy/Net 
Name of Building Floor Conditioned Condo NO. 

Area Area 
Floor Area Area 

(m2) (m2) (kWh/m2) (kWh/m2) 

1 Engineering Building (ENG) 22350 17583 85 108 
2 Kerr Hall (NE, NW,SE,SW) 52409 30125 68 118 
3 Student Campus Centre 4180 2993 48 66 (SCC) 
4 Heidelberg Centre-School of 

Graphic Communications 2985 2399 53 66 
Management (HEI) 

I 
5 Heaslip House Continuing 4180 2302 49 89 

Education (CED) 
6 School of Image Art (IMA) 9345 7219 64 83 

i 
7 Victoria Building (VIC) 12708 9788 61 80 
8 Jorgenson Hall (JOR) 10964 8188 98 132 

! 9 Library Building (UB) 18487 15426 93 112 
10 Podium Building (POD) 21730 13421 58 94 
11 Eric Palin Hall (EPH) 21019 17334 70 85 
12 Sally Horsfall Eaton Centre 

I 

for Studies in Community 
Health (SHE) 

! 13 School of Interior Design 4373 2888 37 56 
I (SID) 

14 Pitman Hall (PIT) 3828 
." 

2165 50 88 

1

15 Rogers Communications 13100 10871 63 76 
Centre (RCCl 

16 Rogers Business Building 24378 16740 76 110 
(RBB) 
Total 226,036 159,442 70 100 
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Maximum cooling load demand was determined from 8760 hour cooling load 

analysis from the carrier HAP output. Table 31 shows from Carrier HAP result that 

maximum plant cooling load for 13 buildings for central chiller plant located in the 

library building is 10809 kW compared with the central chiller plant maximum capacity 

of 10903 kW. 

Table 31: Maximum cooling plant load for individual building 

I 51. Name of Building Max Plant Load 
No 

(kW) 
Group 1: Maximum cooling plant load occur on July -rn at 1700 

1 Engineering Building (ENG) 1981 
2a Kerr Hall (KNE) 324 
2b Kerr Hall (KNW) 287 
2c Kerr Hall (KSE) 934 
2d Kerr Hall (KSW) 899 
3 Student Campus Centre (SCC) 202 
4 Heidelberg Centre-School of Graphic 

154 Communications Management (HEI) 
5 Heaslip House Continuing Education 

221 • (CED) 
I 

6 School of Image Art (IMA) 535 
7 Victoria Building (VIC) 786 
8 Jorgenson Hall (JOR) 682 
9 Library Building (LIB) 1189 
10 Podium Building (POD) 1032 
11 Eric Palin Hall (EPH) 1399 
12 Sally Horsfall Eaton Centre for Studies 

in Community Health (SHE) 

13 School of Interior Design (SID) 184 
Total Max Plant Cooling Load 10,809 

I 
Group 2: Maximum cooling plant load occur on July -rn at 1600 

14 Pitman Hall (PIT) 212 

15 Rogers Communications Centre (RCC) 858 

Total Max Plant Cooling Load 1070 
I 

Maximum cooling plant load occur on July grn at 1200 

16 Rogers Business Building (RBB) 2538 
I 

73 



The peak load for space cooling usually occurs under very hot and sunny 

conditions, although it depends not only on outside weather conditions (temperature, 

wind, etc) but also on other parameters such as the thermal mass of the building, 

orientation of the building, and infiltration rate. Table 32 shows the peak cooling load 

occurs in different month and time for the different building. 

Table 32: Peak cooling load for individual building 

I Peak 
SI. Name of Building • Cooling 
No Load Load Occurs 

i (kW) Month Day Hour 

i 1 Engineering Building (ENG) 1981 July 7 1700 
. 

2a Kerr Hall (KNE) 359 August 5 1400 
2b Kerr Hall (KNW) 362 August 5 1400 
2c Kerr Hall (KSE) 1123 August 5 1400 
2d Kerr Hall (KSW) 981 August 5 1400 
3 Student Campus Centre (SCC) 202 July 7 1700 

Heidelberg Centre-School of 
4 Graphic Communications 154 July 7 1700 

i Management (HEI) 

5 Heaslip House Continuing 221 July 7 1700 
Education (CEO) 

6 School of Image Art (IMA) 535 July I 7 1700 
7 Victoria Building (VIC) 786 July 7 1700 
8 Jorgenson Hall (JOR) 737 August= 5 1400 
9 Library Building (LIB) 1372 August 4 1200 
10 Podium Building (POD) 1067 August 4 1200 
11 Eric Palin Hall (EPH) 1466 July 7 1600 

Sally Horsfall Eaton Centre for 
12 Studies in Community Health 

(SHE) 
13 School of Interior Design (SID) 185 July 7 1800 

Total Peak Cooling Load 11,531 

14 Pitman Hall (PIT) 222 August 5 1400 

15 
Rogers Communications Centre 858 July 7 1200 
(RCC) 

Total Peak Cooling Load 1080 

16 Rogers Business Building (RBB) 2538 July 9 1200 

74 

, : it 

I .. 



( -, , .. 
II 

" ., 
! : 

:! ., 

6. 1.4. Heating load simulation 

Maximum heating plant load is the sum of total heating load required for 

group of buildings operated under a meter. The peak heating load for space heating 

usually occurs under very cold conditions. It occurs only for a limited time of the year

usually during very cold spell. Ryerson University used remote steam for heating 

demand. Most of the Ryerson buildings have humidifier for humidification of air which 

uses direct steam injection in the air distribution system. Table 33 shows peak heating 

load for Ryerson buildings. 

Table 33: Peak heating load for individual building 

, 51. 
Peak 

Name of Building Heating Load Occurs 
i No Load 

(kW) Month Day Hour 
I 1 Engineering Building (ENG) 1792 January 27 800 i 

I 2a Kerr Hall (KNE) 471 January 27 700 
2b Kerr Hall (KNW) 621 January 27 500 
2c Kerr Hall (KSE) 1333 January 25 2200 
2d Kerr Hall (KSW) 1021 January 2 1200 
3 Student Campus Centre (SCC) 128 January 27 700 

Heidelberg Centre-School of 
4 Graphic Communications 93 January 27 700 

Management (HEI) 

i 5 Heaslip House Continuing 136 January 27 700 
i Education (CEO) 
i 6 School of Image Art (IMA) 463 January 27 700 
I 7 Victoria Building (VIC) 464 January 27 600 

8 Jorgenson Hall (JOR) 425 January 27 800 
9 Library Building (LIB) 232 January 27 700 
10 Podium Building (POD) 375 January 27 700 
11 Eric Palin Hall (EPH) 510 January 27 700 

Sally Horsfall Eaton Centre for 
12 Studies in Community Health 

(SHE) 
13 School of Interior Design (SID) 113 January 27 700 
14 Pitman Hall (PIT) 168 January 27 700 

15 Rogers Communications Centre 362 January 27 700 (RCC) 
Total Peak Heating Load 8707 

16 Rogers Business Building 1076 January 15 200 I (RBBt 
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The result shows that in January 2ih maximum steam was used for space 

heating. Table 34 shows maximum plant heating load for 15 buildings. 

Table 34: Maximum plant heating load of 16 Ryerson buildings 

51. 
No Name of Building Max Plant Load 

i (kW) 
Maximum heating plant load occur January 27m at 800 

I 1 Engineering Building (ENG) 1792 
2a Kerr Hall (KNE) 455 
2b Kerr Hall (KNW) 598 

I 2c Kerr Hall {KSE} 1261 

2d Kerr Hall (KSW) 881 
3 Student Campus Centre (SCC) 102 

4 
Heidelberg Centre-School of Graphic 

78 Communications Management (HEI) 

5 Heaslip House Continuing Education (CEO) 123 

6 School of Image Art (IMA) 440 

7 Victoria Building (VIC) 397 

i 8 Jorgenson Hall (JOR) 425 
• 9 Library Building (UB) 228 
I 10 Podium Building (POD) 333 

i 11 Eric Palin Hall (EPH) 470 

12 
Sally Horsfall Eaton Centre for Studies in 
Community Health (SHE) 

. 
13 School of Interior Design (SID) 99 

14 Pitman Hall (PIT) 147 

15 Rogers Communications Centre (RCC) 306 

Total Max Plant Heating Load 8135 

Maximum heating plant load occur January 15th at 200 

16 Rogers Business Building (RBB) 1076 
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Annual steam consumption obtained from the Carrier HAP simulation result 

for the 16 buildings, total steam consumption and calculated equivalent energy uses in 

GJ are listed in Table 35 and steam consumption per gross unit area are listed in Table 

36. Figure 36 shows the bar chart for the annual steam demand per unit area. The 

conversion factor of 0.0036 is used for kWh to GJ. 

Table 35: Annual remote steam consumption 

SI. 
Total Total 

No 
Name of Building Heating Energy 

Load Uses 

(kWh) (GJ) 
1 Engineering Building (ENG) 1736162 6250 
2 Kerr Hall (NE, NW, SE, SW) 9849907 35460 
3 Student Campus Centre (SCC) 190450 686 

Heidelberg Centre-School of 
4 • Graphic Communications 160195 577 

Management (HEI) 

5 Heaslip House Continuing 183831 662 Education (CEO) 

6 School of Image Art (IMA) 833069 2999 
7 Victoria Building (VIC) 664253 2391 
8 Jorgenson Hall (JOR) 403630 1453 
9 Library Building (LIB) 232707 838 
10 Podium Building (POD) 585197 2107 
11 Eric Palin Hall (EPH) 547752 1972 

Sally Horsfall Eaton Centre for 
12 Studies in Community Health 

(SHE) 
13 School of Interior DeSign (SID) 95374 343 
14 Pitman Hall (PIT) 146650 528 

15 Rogers Communications Centre 321243 1156 (RCC) 

16 Rogers Business Building (RBB) 1307372 4707 
Total Steam Load 17,257,792 62,129 
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Table 36: Annual remote steam consumption per unit area 

1 51. 
Gross I Net 

Load/Gross Name of Building Floor ' Conditioned 
No Area Area Floor Area 

(m2) (m2) (kWh/m2) 
1 Engineering Building (ENG) 22350 17583 78 
2 Kerr Hall (NE, NW, SE, SW) 52409 30125 188 
3 Student Campus Centre 4180 2993 46 (SCC) 
4 Heidelberg Centre-School of 

I 
i Graphic Communications 2985 2399 54 

Management (HEI) 
5 Heaslip House Continuing 4180 2302 44 Education (CEO) 
6 School of Image Art (IMA) 9345 7219 89 
7 Victoria Building (VIC) 12708 9788 52 
8 Jorgenson Hall (JOR) 10964 8188 37 
9 Library Building (LIB) 18487 15426 13 
10 Podium Building (POD) 21730 13421 27 
11 Eric Palin Hall (EPH) 21019 17334 26 
12 Sally Horsfall Eaton Centre 

for Studies in Community 
Health (SHE) 

13 School of Interior Design 4373 2888 22 
(SID) 

14 Pitman Hall (PIT) 3828 2165 38 
15 Rogers Communications 13100 10871 25 Centre (RCC) 
16 Rogers Business Building 24378 16740 54 

(RBB) 
Total Steam Load (kWh) 226,036 160,442 76 
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Annual remote steam demand per unit area 
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Figure 36: Annual steam demand each building per unit area 

Ryerson University remote steam is used for a total area of 245842 m2 

including Rogers Business Building (RBB) . There are two meters for steam 

consumption. Meter one serves total area of 223127 m2 (20 Buildings) including central 

chillers plant (for absorption chillers) located in the Library building and meter two is 

connected to RBB. The audit area for the 15 buildings (201658 m2
) covers equivalent of 

90.3% from the actual campus planning steam consumption bill of meter one. The 

calculation for this steam service area is listed in Appendix C. Table 37 shows annual 

steam consumption bill for 2006 from Campus Planning and compared with steam 

consumption obtained from Carrier HAP simulation program. Remote steam is supplied 

at a pressure of 250 psig, at this pressure the enthalpy for this steam is 825.8 BTU/lb. 

The conversion factor of 3.412 is used for kWh to kBTU. 
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Table37: Steam consumption comparison with Carrier HAP 

Meter-1 (90.3% of actual steam) (kWh) (kBTU) (Ib) (%) 
15 buildings steam consumption 15950420 
Chiller plant steam consumption 5751754 
Total steam consumption 21702174 74047818 89667980 
Campus Planning bill 95656508 , 
Difference (under predict) 6.26 

Meter-2 
Rogers Business Building (RBB) 1307372 4460753 5401736 
Campus Planning bill 5804648 
Difference (under predict) 6.94 

6. 1.5. Hydro simulation 

Hydro consumption for the individual building depends on the space uses. 

The main components of the hydro energy consumptions are air system fans, cooling 

tower fans, cooling and heating loads, pumps (domestic hot water pump, domestic cold 

water pump, chilled water supply pump, condenser pump, heating glycol pump, sanitary 

sump pump, storm pump, fire pump, jockey pump, etc), lighting, equipments, and 

miscellaneous electric. Table 38 shows hydro consumption was calculated from Carrier 

HAP simulation for chiller plant model located in the Library Building and RCC Building. 

Table 38: Annual chiller plant hydro consumption 

Chiller Plant in the Chiller Plant in the 
Library Building RCC Building 

. Chiller Electricity (kWh) (kWh) 
Chiller Input 1229193 146555 
Chiller Misc. Electric 394722 -
Chilled water pump 863513 67860 
Cooling Tower Fan 664352 30272 
Total 3,151,780 244,687 
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Hydro consumption was estimated from the Carrier HAP simulation program 

for the 16 individual buildings. Table 39 shows annual hydro demand for individual 

building of Ryerson campus. 

Table 39: Annual hydro demand from simulation program 

! Annual Hydro 
Annual Hydro Annual Hydro 

I 

81. NO. Building 
Consumption 

Consumptionl Consumptionl 
Gross Area Condo Area 

I Name (kWh) (kWh/m2) (kWh/m2) 

1 ENG 4396600 197 250 
2 Kerr Hall 7863450 150 261 

• 

3 SCC 465118 111 155 
4 HEI 446131 149 186 

I 5 CEO 517,658 124 225 
6 IMA 1424168 152 197 
7 VIC 1852390 146 189 
8 JaR 2514762 229 307 
9 LIB 6671607 361 432 

10 POD 4232528 195 315 
11 & 12 EPH & SHE 3844099 183 222 

13 SID 390869 89 135 
14 PIT 2954134 182 221 
15 RCC 1811528 157 167 
16 RBB 3945188 162 236 

Total 43,330,230 180 250 
LIB Chiller 3151780 
RCC Chiller 244687 

Total 46,726,697 

Figure 37 presents annual hydro consumption per unit area (gross area and 

net conditioned area). From this figure it shows that comparatively Library building 

hydro demand is high. The reason for this high hydro consumption of Library building is 

to operate maximum hour of the year comparatively with others building, high plug load 

(computers, printers, cafeteria and other equipments) used in the study area, especially 

on the third floor (study area) of the building. 
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Figure 37: Annual hydro demand each building per unit area 

Hydro consumption for the central chiller plant was calculated based on the 

conceptual design of chiller model to equivalent of maximum cooling plant load of 

10903kW. Hydro bill for Jorgenson Hall , Library Building and Podium Hall is one single 

bill and it includes the hydro consumption of chiller plant located in the Library building. 

Table 40 shows the simulated hydro consumption comparison for 15 buildings with the 

Campus Planning bill for 2006 (January to December) and for RBB hydro consumption 

bill for 2007 (January to December). 
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Table 40: Hydro bill comparison 

I 51. Hydro Hydro Campus Difference 

NO. 
Building Consumption Consumption Bill (Under 

predict) 
Name (kWh) (GJ) (kWh) (%) 

1 ENG 4396600 15828 4451690 1.2 
2a KNE 883183 3179 
2b KNW 699046 2517 

I 2c KSE 3261691 11742 8590220 8.4 
2d K5W 3019530 10870 

i Total 7863450 28308 
3 SCC 465118 1674 
4 I HEI 446131 1606 924080 1.4 

I Total 911249 3280 
5 CEO 517,658 1864 
6 IMA 1424168 5127 3893040 2.5 
7 VIC 1852390 6669 

Total 3794216 13660 
8 JOR 2514762 9053 
9 LIB 6671607 24018 
10 POD 4232528 15237 17960970 7.7 

Chiller Plant 3151780 11346 
Total 16570677 59654 

11 & EPH & SHE 3844099 13839 3974560 3.3 12 
13 SID 390869 1407 400000 2.3 
14 PIT 2954169 10635 
15 RCC 1811528 7403 5360462 6.5 

Chiller 244687 
Total 5010384 18038 

16 RBB 3945188 14203 4001970 1.4 
Total 46,726,697 168,216 49,556,992 5.7 

Building energy consumption in various purposes like central chiller plant, air 

system fan, heating load, lighting load, plug load and miscellaneous uses of electricity 

were obtained from the Carrier HAP simulation program for 86% of total area of the 

Ryerson campus. Table 41 presents annual component energy consumption related to 

the building energy systems. 
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Table 41: Annual component energy consumption of Ryerson buildings 

HVAC Component Non-HVAC Component 
Air 

Building System Misc. 
51. No. Name Fans Cooling Heating Pumps Lights Equipment Electric Total 

(GJ) (GJ) (GJ) (GJ) (GJ) (GJ) (GJ) (GJ) 
1 ENG 1352 6806 6250 297 6768 6618 793 28884 

2a KNE 302 1555 4956 91 1727 859 200 9690 i 

2b KNW 225 1342 6250 71 1502 574 144 10108 
2c KSE 2043 5340 17088 288 5385 3136 890 34170 
2d KSW 1005 4540 7165 284 5142 3837 603 22576 
3 SCC 240 715 686 10 1013 412 0 3076 
4 HEI 255 574 577 7 791 552 0 2756 
5 CED 254 738 662 31 722 353 504 3264 
6 IMA 1052 2146 2999 30 2265 1457 323 10272 
7 VIC 327 2812 2391 220 3612 2179 331 11872 
8 JOR 1692 3882 1453 173 3938 1932 1319 14389 
9 LIB 1588 6219 838 125 10000 9332 2973= 31075 i 

10 POD 1219 4529 2107 84 6737 4774 2423 21873 
11 & EPH& 1447 I 5333 1972 147 7409 4220 616 21144 12 SHE 
13 SID 206 583 I 343 7 854 243 97 2333 
14 PIT 181 524 528 118 4583 4665 1089 11688 
15 RCC 713 2846 1156 97 3082 2629 0 10523 
16 RBB 1519 6642 4707 150 7454 5081 0 25553 

Total: 15,620 57,126 62,128 2,230 72,984 52,853 12,305 275,246 

Energy audit and simulation was done for the 16 Ryerson buildings using 

Carrier HAP software. After the simulation program running successfully, hourly 

analysis was done for chilled water demand, steam energy demand for heating and 

cooling (absorption chiller) and also hydro consumption for all heating, cooling and Non

HVAC demand. Table 42 and Figure 38 present annual total energy demand and 

demand for per square meter for the 86% of total area of Ryerson campus. 
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Table 42: Annual total energy demand per gross unit area 

Building Hydro/m2 Heating/m2 Cooling/m2 TEC/m2 TEC/m2 

Name (kWh/m2) (kWh/m2) (kWh/m2) CkWh/m2) (GJ/m2) 

ENG 197 78 85 359 1.29 
KNE,KNW,KSE,KSW 150 188 68 389 1.40 

SCC 111 46 48 204 0.74 
HEI 149 54 53 256 0.92 
CEO 124 44 49 217 0.78 
IMA 152 89 64 305 1.10 
VIC 146 52 61 260 0.93 
JOR 229 37 98 ~ 1.31 
LIB 361 13 93 467 1.68 

POD 195 27 58 280 1.01 

EPH & SHE 183 26 70 279 1.01 

SID 89 22 37 148 0.53 
PIT 182 38 50 ,270 0.97 

RCC 157 25 63 245 0.89 
RBB 162 54 76 291 1.05 
Total 181 70 77 328 1.18 
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Annual energy estimated from Carrier HAP 
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Figure 38: Annual total energy demand per unit area of Ryerson campus 

6.1.6. Sensitivity analysis 

From the energy audit and simulation it is clear that major part of energy 

consumption in a building is for lighting, equipments and HVAC systems. Energy can be 

saved from HVAC system by reducing HVAC system operation when building or space 

is unoccupied. It can be done by rescheduling for the HVAC operating hours, 

eliminating HVAC usages in vestibules and unoccupied space, adjusting areas that are 

too hot or too cold, reducing unnecessary heating or cooling, implementing heat 

recovery system. Also changes of lighting schedule have significant effect on total 

energy cost. Figure 39 presents the comparison of cooling load consumption (kWh/m2) 

with base case economizer setting from integrated enthalpy to integrated dry bulb 

control and base case lighting schedule reduction by 20%. This comparison shows that 

economizer control change to the integrated dry bulb control have significant effect on 

cooling load. In this case cooling load consumption increased from the base case result. 

Cooling load also depends on the lighting schedule. If the lighting energy consumption 

increases, cooling energy will be increased. Figure 39 and Table 43 present cooling 
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consumption decreased with reduced lighting schedule and also Figure 40 and Table 44 

present electricity consumption decreased with reduced lighting schedule. 
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Figure 39: Effects of economizer setting and reduced lighting schedule on cooling load 
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Table 43: Comparison base case consumption with economizer setting and reduced 

lighting schedule 

Coo ling load demand 
Base Economizer Light ing 

51. Case Setting Schedule 
No. Bui lding Name (kWh/m2) (kWh/m2) (kWh/m2) 

1 ENG 85 89 75 

2 KNE,KNW ,KSE,KSW 68 70 59 

3 SCC 48 49 41 

4 HEI 53 59 49 

5 CEO 49 52 44 

6 IMA 64 68 61 

7 VIC 61 63 53 

8 JOR 98 106 94 

9 LIB 93 97 75 

10 POD 58 61 48 

11 EPH & SHE 70 74 64 

12 SID 37 39 34 

13 PIT 38 41 37 

14 RCC 60 63 56 

15 RBB 76 98 73 

Savings (%) -7.39 9.89 
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Figure 40: Effects of economizer setting and reduced lighting schedule on hydro 
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Table 44: Comparison base case consumption with economizer setting and reduced 

lighting schedule 

Hydro load Consumption 
Base Economizer Lighting 

SI. Case Setting Schedule 
No. Building Name (kWh/m2) (kWh/m2) (kWh/m2) 

1 ENG 197 199 152 
2 KNE,KNW,KSE,KSW 150 153 121 
3 SCC 111 113 86 
4 HEI 149 151 129 
5 CED 124 125 93 
6 IMA 152 155 135 
7 VIC 146 146 115 
8 JOR 229 232 215 
9 LIB 361 363 277 

10 POD 195 196 142 
11 EPH&SHE 183 185 157 
12 SID 89 90 74 
13 PIT 182 184 101 
14 RCC 157 158 124 
15 RBB 162 164 117 

Savings (%) -1.04 21.24 

Figure 41 and Table 45 present heating consumption increased with reduced 

lighting schedule 
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Figure 41: Effects of economizer setting and reduced lighting schedule on heating load 
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Table 45: Comparison base case consumption with economizer setting and reduced 

lighting schedule 

Heating load Consumption 
Base Economizer Lighting 
Case Setting Schedule 

Building Name (kWh/m2) (kWh/m2) 1m2) 

ENG 78 80 82 
KNE,KNW,KSE,KSW 188 188 201 
SCC 46 46 50 
HEI 54 55 59 
CED 44 46 ·49 
IMA 89 89 101 
VIC 52 53 60 
JOR 37 36 42 
LIB 13 17 18 
POD 27 27 38 
EPH & SHE 26 27 35 
SID 22 26 31 
PIT 38 71 45 

RCC 25 28 30 
RBB 54 59 65 
Savings (%) -7 -14 
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6. 1.7. Energy Intensity 

Energy intensity was determined based on the total gross area from the total 

hydro energy and steam energy consumption in GJ of Ryerson University per square 

meter. The average energy intensity was determined as 0.91 GJ/m2 without chiller and 

1.04 with chiller for the 86% of total area of Ryerson campus. Table 46 shows the 

energy intensity for each building of RU and Figure 42 shows linear regression for 

intensity versus building gross area. 

Table 46: Energy Intensity GJ/m2 of 16 Ryerson University buildings 

I Annual 
Annual Total Energy Energy 

51. No. Name of the Gross Energy 
Energy Intensity Intensity 

Building Area W/O With Hydro steam Energy Chiller Chiller 
(m2) (GJ) (GJ) (GJ) (GJ/m2) (GJ/m2) ! 

1 ENG 22350 15828 6250 22078 0.99 i 1.16 
2 KNE,KNW,KSE,KSW 52409 28308 35460 63768 1.22 1.39 

3 4180 1674 686 2360 0.56 0.74 
see 

4 
HEI 

2985 1606 577 2183 0.73 0.90 

5 
CED 

4180 1864 662 2526 0.60 0.78 

6 IMA 9345 5127 2999 8126 0.87 1.04 

7 VIC 12708 6669 2391 9060 0.71 0.89 

8 JOR 10964 9053 1453 10506 0.96 1.13 

9 
LIB 

18487 24018 838 24856 1.34 1.52 

10 POD 21730 15237 2107 17344 0.8 0.97 

11 & 12 EPH & SHE 21019 13839 1972 15811 0.75 0.92 

13 
SID 

4373 1407 343 1750 0.40 0.57 

14 PIT 17866 10635 528 11163 0.73 0.75 

15 Ree 13100 6522 1156 7678 0.59 0.65 

16 RBB 24378 14203 4707 18910 0.78 0.78 

Total 240,074 155,990 62,129 218,119 0.91 1.04 
LIB Chiller Plant 32052 0.17 

RCC Chiller 881 0.06 
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6.2. PRISM analysis 

The objective of this section was to assess the validity and usefulness of 

available energy consumption data in Ryerson University. This analysis includes steam 

and hydro consumptions for heating and cooling demands. The PRISM analysis 

conducted was based on the model of Heating-Cooling (HC). 

6.2. 1 Energy Bill 

Energy bill for electricity and steam consumptions are collected from the Campus 

Planning department for 44 months (May' 2005-December' 2008). This project covered 

90.3% of total steam consumption based on the area analyzed. Energy bill information 

is listed in Appendix C. 

6.2.2. Weather Data 

Daily temperature data were collected from the National Climate Data and 

Information Archive website and Carrier HAP simulation weather data. Data was 

selected for nearby weather station Toronto Pearson International Airport, Ontario, 

Canada. The list of data was prepared in Excel file and attached in Appendix D. 

6.2.3. Output parameters and energy consumptions 

The output parameters from the PRISM were obtained in terms of building's 

reference (base) temperature based on 18°C for heating and cooling, heating degree 

days (HDD), cooling degree days (CDD), reliability statistic (R2
), cooling/heating slope, 

annual energy use, base-level versus heating consumption and base-level versus 

cooling consumption. 

Table 47 shows the degree days information for 44 months billing period with 

reference temperature of 18°C. 
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Table 47: Sum of heating degree days over billing periods for a reference temperature 

of 18°C 

Billing Period Sum of Heating Degree Sum of Cooling Degree Sum of Degree 

Month Year Days (OC) Days (OC) Days (OC) 

May 2005 190.0 0.8 190.7 

June 2005 9.0 145.8 154.8 

July 2005 0.0 187.9 187.9 

August 2005 0.3 140.1 140.3 

September 2005 22.9 51.7 74.5 

~er 2005 221.1 7.6 228.6 

mber 2005 388.6 0.0 388.6 

mber 2005 664.9 0.0 664.9 

January 2006 551.8 0.0 551.8 

February 2006 604.0 0.0 604.0 

March 2006 516.5 0.0 516.5 

April 2006 294.0 0.0 294.0 

May 2006 137.6 25.9 163.5 

June 2006 19.7 73.1 92.7 

July 2006 0.0 166.7 166.7 

, August 2006 4.3 100.9 105.2 

September 2006 81.5 12.7 94.2 

October 2006 289.2 1.1 290.3 

November 2006 383.0 0.0 383.0 

December 2006 501.1 0.0 501.1 
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Table 47: Sum of heating degree days over billing periods for a reference temperature 

of 18°C (Continue) 

Billing Period Sum of Heating Sum of Cooling Sum of 

I Degree Degree Degree 

Month • Year Days (OC) Days (OC) Days (OC) 

January 2007 647.3 0.0 647.3 

February 2007 739.4 0.0 739.4 

March 2007 546.7 0.0 546.7 

I April 2007 356.9 0.0 356.9 

• May 
I 

2007 136.9 22.3 159.2 

i June 2007 16.7 98.7 115.4 

• July 2007 3.4 105.3 108.7 

August 2007 5.3 140.5 145.7 

September 2007 37.2 47.3 84.5 

October 2007 138.1 19.4 157.5 

November 2007 463 0.0 463.0 

December 2007 630.4 0.0 630.4 

• January 2008 623.4 > 0.0 623.4 

February 2008 674.3 0.0 674.3 

March 2008 610.2 0.0 610.2 

April 2008 254.4 0.0 254.4 

I May 2008 194.2 2.5 196.7 

I June 2008 23.0 71.4 94.4 

· July 2008 1.1 110.3 111.4 

August 2008 12.9 63.4 76.3 

September 2008 59.6 26.4 85.9 

October 2008 279.4 0.0 279.4 

November 2008 452.2 0.0 452.2 

December 2008 654.4 0.0 654.4 
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The method used in this analysis is called PRinceton Scorekeeping Method 

(PRISM) emphasized on the Heating-Cooling (HC) model. The method essentially 

performs a linear regression analysis between the outdoor temperature parameter and 

the billing energy consumption. 

The PRISM test was conducted for heating-cooling (HC) model for weather data 

from i) Carrier HAP weather simulation, ii) Toronto weather data iii) four years energy 

consumption data, iv) individual year from 2005 to 2008 data, v} every two years data 

and vi} one year overlapping data for both steam consumption and hydro consumption. 

The result of these analyses are listed in Appendix D. Based on these analyses for 

steam energy demand the best linear regression analysis of HC model was selected. 

This model was used 2005-2008 Toronto weather data and 2005-2008 steam 

consumption data. PRISM model was selected for hydro demand based on the 2006 

weather data and 2006 hydro consumption. Once the parameters (a, r,3h, r,3c, !' h' !' c) 

were selected then Normalized Annual Consumption (NAC) could be calculated using 

Equation (1). The parameters of those selected models are listed in Table 48 to Table 

50. 

The main equation used for the calculation of Normalized Annual Consumption 

(NAC): 

NAC=365*a+d *f3 *H (r )+d *f3 *C ('1") 
~ h h 0 "h CeO "c 
BaseLevel' • I , I 

HeatingPart CooU;gPart 

Where, 

a = base-level consumption (kWh/day) 

r,3h = heating slope (kWhfC-day) 

r,3e = cooling slope (kWhfC-day) 

!' h = heating reference temperature (OC-day) 

!' c = cooling reference temperature (OC-day) 

dh = 1 for the HO analysis and de = 0 

de = 1 for the CO analysis and dh = 0 

dh = 1 and de = 1 for the HC analysis 
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6.2.4. Model selection 

PRISM model was selected for steam energy demand and hydro demand from 

the analysis of PRISM software (PRISM Advanced Version 1.0) output parameters. The 

first step for this software requires to creation of the temperature file and meter file. After 

successfully running the temperature file (degree days calculation-DDCalc) for the 

required meter file will be needed to obtained the PRISM output. The output parameters 

include heating reference temperature, cooling reference temperature, heating slope, 

cooling slope, base level consumption, reliability statistics (R2) and the coefficient of 

variation of NAC (CV(NAC». Figure 43 shows temperature file output from PRISM 

software. 

-

C;\DOCUWE.., \sADIA\D SIaOP\PRISWT..,\RUNI. NW ·\DOCUIolE.., \SAD1A\DESKTOP\PRISIoIT.., \RUN!. 
Far Tau - 65 HDD/n, -18.593 COO/do,. 1.85 

We"" r lIMP • 48.3 It 19..4) Olnervaliont • 1461 
o Olnervaliont (0.1)%) in Bin: -20 <- TCIIIIP < -tD. 

Ob ..... aIioM 1ft Each Bin OIl1ll...oa,a Per 0., [COD and HOD I 

DO ~%~~~----~~~~--~~~ 

10 

60 15% 219 

50 

40 10% 146 

30 

~ 73 

10 

o _~"=-'--~O--'-~::i..-+:-'~i?=--!BO~-7,;l00~l~ 0% -2~-:!*"-
r"" IF) 

Figure 43: Degree days versus average temperature (T av) 
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Heating-cooling model (HC) PRISM analyses were run for combined 15 buildings 

and individual Rogers Business Building (RBB) for an initial assessment of the quality of 

the data. 

Two indicators of the goodness of fit from PRISM are CV(NAC), the coefficient of 

variation, which ideally is very small, and the model's R2-statistics, whose closeness to 

1.0 (its maximum value) measures the extent to which consumption correlates linearly 

with degree-days (computed to the "best" reference temperature determined by PRISM) 

(Fels & Reynolds, 1992). 

Figure 44 to 47 present PRISM output for energy consumption versus heating 

degree-days and consumption versus cooling degree-days for the model. 
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Figure 44: Hydro consumption versus heating degree-days (HC Model) for 15 

buildings 
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Figure 45: Hydro consumption versus cooling degree-days (He Model) for 15 

buildings 
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Figure 46: Steam consumption versus heating degree-days (He Model) for RBB 
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Figure 47: Steam consumption versus cooling degree-days (HC Model) for RBB 

Based on the reliability statistics (R2) and base level consumption PRISM model 

were selected for steam consumption and hydro consumption (Appendix D). Table 48 

shows PRISM model for steam energy demand (temperature and meter file of 2005-

2008) and Table 49 shows PRISM model for hydro demand (temperature and meter file 

of 2006) for combined 15 Ryerson buildings. Table 50 presents steam PRISM model for 

RBB for the meter and temperature file of 2008. Hydro PRISM model did not select for 

RBB due to insufficient data and very low value of R2 (R2=0.2843 for HO model, 0.3728 

for CO model, and 0.4 for HC model) 
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Table 48: PRISM (HC) model parameters for steam energy demand 

PRISM Original 
Model (HC) Unit 

Model Consumption 

Base Level (a) (Ib X 1 ODD/Day) 24.90 

Heating Ref. Temp (r h) (oF) 68.00 

Cooling Ref. Temp (r c) (oF) 68.00 

Heating Slope (l3h) 10.60 

Cooling Slope (l3c) 6.30 

HOD (HOD/Day) 20.90 

COD (COD/Day) 1.10 

CV (NAC) (%) 3.50 

R2 0.89 

Normalized Annual 

Consumption (NAC) 
(Ib X 1000Near) 92,480 95,656 

Difference (%) Under predict 3.3 

Table 49: PRISM (HC) model parameters for hydro demand 

Model (HC) Unit HC 
Original 

Consumption 

Base Level (a) (MWh/Day) 135.60 
, 

(oF) Heating Ref. Temp (r h) 57.00 

Cooling Ref. Temp (r c ) (oF) 72.00 

Heating Slope (l3h) -1.02 

Cooling Slope (l3c) 6.56 

'HOD (HOD/Day) 11.57 

I COD (COD/Day) 0.53 

i CV (NAC) (%) 2.30 

R2 0.78 

, Normalized Annual 

Consumption (NAC) 
(MWhNear) 46,455 45,555 

Difference (%) Over predict -9.2 
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Table 50: PRISM (He) model parameters for steam demand (RBB) 

Model (HC) 
PRISM Original 

Unit 
Model Consumption 

Base Level (a) (Ib X 1000/Day) 8.59 

Heating Ref. Temp (r h) (oF) 59.00 

Cooling Ref. Temp (r c) (oF) 62.00 

Heating Slope (~h) 0.49 

Cooling Slope (~c) -0.29 

, HOD (HOD/Day) 14.99 

COD (COD/Day) 1.96 

i CV (NAC) (%) 2.30 

R2 0.98 

Normalized Annual 

Consumption (NAC) 
(Ib X 1000Near) 5,609 5,567 

Difference (%) Under predict 0.7 

6.2.5. Comparison of PRISM model (HC) for different geographic locations 

Energy consumption in high-rise buildings depends on age of the building, 

number of stories, floor area, geographical location, types of energy used for heating, 

cooling, lighting, domestic water heating, number of occupancy etc. All of these factors 

were considered for energy audit and base case simulation for most of the buildings at 

Ryerson University. Energy demand also depends on the outdoor air temperature to 

maintain comfort air zone for the buildings. If the outdoor air temperature increases in 

the cooling season more hydro and steam energy will be required. On the other hand if 

outside air temperature decreases in the heating season more steam energy will be 

required to maintain comfort air temperature inside the buildings. Heating degree-days 

and cooling degree-days are the main parameters for determining energy demand for 

heating and cooling. These two parameters depend on the base reference temperature 

and outdoor air temperature and they also differ from geographical locations. PRISM 

model could predict energy demand for heating and cooling in different geographic 
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locations for the same buildings. In this case the total area of Ryerson University is 

assumed constant, all other energy used for lighting load; plug load and miscellaneous 

electricity are also constant. 

The expected energy consumption for the Ryerson University in four different 

geographic locations were estimated and compared. The geographic coordinates of the 

selected locations were found using GeoCoding process from GeoCoder.ca that 

assigns a latitude-longitude coordinates to a valid address. The weather normals for 

different locations were collected from the National Climate Data and Information 

Archive website (http://c1imate.weatheroffice.gc.ca/climateData/canadae.html) is listed 

in Table 51 and Figure 48. 

Table 51: Canadian Climate Normal (1971-2000) (Environment Canada. 2010) 

Fredericton Toronto 
-9.8 -6.3 
-8.2 -S.4 
-2.4 -0.4 
4.3 6.3 

June 
Jul 
Au ust 
Se tember 
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Figure 48: Yearly average weather normal from years 1971-2000 

The heating degree days (HOD) and cooling degree days (COD) at the base 

temperature of 68 of (using temperature data: Canadian Climate Normal, 1971-2000) 

for the different locations are listed in Table 52 and Table 53. 

Table 52: HOD for different locations 

City Edmonton Fredericton Toronto Vancouver 
Month HOD HOD HOD HOD 
January 1869 1663 1468 932 
February 1537 1421 1280 766 
March 1367 1250 1138 748 
April 848 848 740 583 
May 536 497 396 419 
June 319 205 119 259 
July 229 39 0 140 
August 273 89 6 134 
September 535 373 254 292 
October 876 725 619 552 
November 1388 1021 907 756 
December 1747 1468 1278 921 
Total HDD 11524 9599 8205 6502 
HDDlDay 31.57 26.30 22.48 17.81 
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Table 53: COD for different locations 

Month Edmonton Fredericton Toronto Vancouver 
COD COD COD COD 

January 0 0 0 0 
February 0 0 0 0 
March 0 0 0 0 
April 0 0 0 0 

• May 0 0 0 0 
June 0 0 0 0 

I July 0 0 44.60 0 
August 0 0 0 0 
September 0 0 0 0 
October 0 0 0 0 
November 0 0 0 0 

. December 0 0 0 0 

0 0 44.60 0 
COD/Day 0 0 0.12 0 

The weather data was collected using National Climate Data and Information 

Archive. Table 54, Table 56, Figure 49 and Figure 50 show energy demand in these 

locations using PRISM model HC. 

Table 54: Steam energy demand in different locati9ns 

Model (He) Edmonton Fredericton 
(RU) 

Vancouver 
Toronto 

Base Level (a) (Ib X 1 OOO/Day) 24.9 24.9 24.9 24.9 

Heating Ref. Temp (r h) (oF) 68.0 68.0 68.0 68.0 

Cooling Ref. Temp (r) (oF) 68.0 68.0 68.0 68.0 

Heating Slope (~h) 10.6 10.6 10.6 10.6 

COOling Slope (~c) 6.3 6.3 6.3 6.3 
HOD (HDDlDay) 31.6 26.3 22.5 17.8 
COD (COD/Day) 0 0 0.12 0 
DO (HDD+CDD) 31.6 26.3 22.6 17.8 
CV (NAC) (%) 3.5 3.5 3.5 3.5 
RZ 

0.9 0.9 0.9 0.9 
Normalized Annual 

Consumption (NA'C) (Ib X 1000)/yr 131,349 110,843 96,417 I 77,957 
I 
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NAC comparision for steam energy demand of Ryerson buildings in different 
locations 
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Figure 49: Steam energy demand in different locations 

Heating reference temperature 57°F and cooling reference temperature 72°F 

were obtained from PRISM HC model for hydro demand. Table 55 shows HOD and 

COD for heating and cooling reference temperature. 

Table 55: HOD and COD 

! 57°F 72°F 
Location I NAC (MWh/yr) HOD/Day COD/Day 
Edmonton 41,642 21.09 a 
Fredericton 43,105 17.16 0 
Toronto 44,237 14.12 0 
Vancouver 46,430 8.23 0 
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Table 56: Hydro demand in different locations 

Model (HC) Edmonton Fredericton Toronto Vancouver i 

Base Level (a) (MWh/Day) 135.60 135.60 135.60 

Heating Ref. Temp (7: h) eF) 57.00 57.00 57.00 

Cooling Ref. Temp (7: c) eF) 72.00 72.00 72.00 

Heating Slope (f3h) -1.02 -1.02 -1.02 

Cooling Slope (f3c) 6.56 6.56 6.56 

HOD (HOD/Day) 21.09 17.16 14.12 

COD (COD/Day) 0.00 0.00 0.00 

DO 21.09 17.16 14.12 

CV(NAC) (%) 2.30 2.30 2.30 

R2 0.78 0.78 0.78 

Normalized Annual 

Consumption (NAC) 
(MWh/yr) 41,642 43,105 44,237 

NAC comparision for hydro demand of Ryerson buildings 
in different locations 
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72.00 
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Figure 50: Hydro demand in different locations 
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From Table 54 and Table 56, it is clear that if the base level consumption is 

constant then energy demand will depends on the heating degree-days and cooling 

degree-days only. Figure 49 shows that steam energy demand is higher for Edmonton 

due to total degree days for the Edmonton location is higher than in other locations at 

68°F reference temperature. Figure 50 shows that hydro demand is higher for 

Vancouver due to heating slope is negative and total degree days is lower than in other 

locations at reference temperature. 

Table 57 and Table 58 show Carrier HAP average temperature and PRISM (HC) 

model result for 15 buildings and Table 59 shows PRISM model for RBB. 

Table 57: Steam demand using HAP temperature 

I Model (HC) 
PRISM Original 

Unit HAP Model 
Result Consumption 

Base Level (a) (Ib X 1000/Day) 24.90 

Heating Ref. Temp (r h ) (OF) 68.00 

Cooling Ref. Temp (r c) (OF) 68.00 

Heating Slope (f3h) 10.60 

Cooling Slope (f3c) 6.30 

HDD (HOD/Day) 23.63 

CDD (COD/Day) 0.54 

CV (NAC) (%) 3.50 

R" 0.898 

Normalized Annual 

Consumption (NAC) 
(Ib X 1000/yr) 101,755 92,320 95,656 

Difference (%) -6.4 3.5 
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Table 58: Hydro demand using HAP temperature 

I Model (HC) Unit PRISM HC HAP Model 
Original 

Consumption 
Base Level (a) (MWh/Day) 135.60 

Heating Ref. Temp (7: h ) eF) 57.00 

Cooling Ref. Temp (7: c) eF) 72.00 

Heating Slope (~h) -1.02 

Cooling Slope (~c) 6.56 

HDD (HOD/Day) 15.04 

CDD (CDDlDay) 0.18 

CV (NAC) (%) 2.30 

R2 0.78 

NAC (MWhlYear) 44,326 47,738 45,555 

Difference (%) 2.7 -4.8 

Table 59: Steam demand using HAP temperature (RBB) 

I Model (HC) Unit PRISM Model 
Original 

Consumption 
i Base Level (a) (Ib X 1000/Day) 8.59 

Heating Ref. Temp (7: h) eF) 59.00 

• Cooling Ref. Temp (r) eF) 62.00 

Heating Slope (~h) 0.49 

Cooling Slope (~c) -0.29 

HOD (HDD/Day) 16.46 

CDD (COD/Day) 1.60 

CV (NAC) {%} 2.30 

R4I: 0.98 

Normalized Annual 

Consumption (NAC) 
(Ib X 1000IYear) 5,910 5,567 

Difference (%) Over predict (5.9) 
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6.3. Energy consumption summary 

Ryerson University annual total energy consumption summary for the 16 

buildings are listed in Table 60. 

Table 60: Energy comparison 

From PRISM 
From base case From 

Source model (HAP 
HAP simulation actual bill 

weather data) 

Steam (Ib) (15 buildings 
95,069,716 107,492,000 101,461,156 

and RBB) 

Difference (%) Under predict (6.3) Over predict (5.9) 

Hydro (kWh) (15 
42,781,509 44,335,000 45,555,022 

buildings) 

Difference (%) Under predict (6.1) Under predict (2.7) 

According to the information of Ryerson University website, total number of staff 

is 1700, continue education students are 19039, undergraduate students are 22926, 

and graduate students are 1085. It is assumed that university staff works on a full time 

basis (8 hours/day, 5 days a week), undergraduate students have class 4.5 hours/day 

(5 days a week), graduate and continue education students have class 3 hourslweek. If 

the academic staff will be considered full time basis, then annually total number of 

people can be counted as 16105. If the undergraduate student will be considered full 

time basis then annually total number of student can be counted as 25609.Table 61 

shows total energy uses at Ryerson University for the selected audit area. 
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Table 61: Annual total energy uses 

Total Energy Consumption (GJ) 251,052 

Total Energy Consumption (G"lImL) 1.04 

Energy consumption (GJ/person) or 15.59 9.80 

(GJ/student) (Staff & Student) (Student) 

Number of person ImL 14.91 

Energy consumption (GJ/(personl m2» 16,838 

Figure 51 and Table 62 shows energy intensity (GJ/student) in different locations 

in Canada (NRCan, 2005). 

Energy intensity (GJ/student) 
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Figure 51: Energy intensity in different locations in Canada 
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Table 62: Energy intensity (NRCan, 2005) 

Location Energy Intensity 
(GJ/student) 

i Ryerson University 10 
Quebec 28 

I British Columbia 37 
Canada 49 
Ontario 56 
Atlantic 66 
Prairies 75 
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7.0. Conclusion 

Energy audit and simulation for most of the buildings (86% of area) in Ryerson 

University has been carried out. Energy simulation was done using Carrier HAP 

software. This study was conducted to balance total energy consumption for chilled 

water balance from the chillers plant. Steam energy balance and electricity consumption 

were calculated and compared to the actual bill for Campus Planning. For performing 

accuracy necessary data and information of the buildings has been collected and 

measured on site as the input of the model. Also this report conducted energy analysis 

and compared energy consumption for the Ryerson University in different location using 

PRISM software. 

Sources of the heat gain, heat loss and typical effect on the whole building have 

been predicted. The energy consumption profile of the buildings illustrates that 51 % 

energy used is for HVAC system and 49% energy is used for Non-HVAC system. For 

the HVAC system, 25% of the energy used during the summer season and 26% of the 

energy was used during the winter season. Annually, 26% of the hydro energy was 

used for lighting, 19% was used for equipment and 4% was used for miscellaneous. 

The three types of energy demands: chilled water demand, steam demand and hydro 

demand, were analysed in this report. 

From the analysis it showed that the Engineering building, Kerr Hall, Jorgenson 

Hall, Library Building and Rogers Business Building required more cooling demand in 

the summer season compared to other buildings. Because Kerr Hall has a different air 

distribution system, Library Building operates for the longer hours. and Engineering 

Building and RBB have lots of exposed area consisting of glass. their cooling are 

expected to be higher. This is because lots of internal heat gain and heat gain through 

envelope system. The data also shows that comparatively Kerr Hall needs higher 

heating demand. It is identified that having air distribution of constant air volume (CAV). 

Kerr Hall and IMA need more air supply. So both heating and cooling systems require 

more energy. Engineering Building, Kerr Hall, and Library Building have lots of 

equipments, lab equipments, computer that lead to higher electricity consumption. In 

addition, this will result in higher cooling load but lower heating load. 
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This report also performed a sensitivity analysis in two cases. One of these was 

on HVAC system and other one was on lighting schedule. The HVAC system for the 

economizer was switched to integrated dry bulb system. The present economizer 

setting is an integrated enthalpy system. This analysis shows that the present 

economizer setting is the most desirable system. The potential saving could be done 

from electricity uses. The entire audit area (86%) of Ryerson campus consumes about 

26% of electricity in lighting system. So when attempting energy savings, lighting is 

probably the first place in a facility to look for savings because changes are usually 

easy, inexpensive. The second sensitivity analysis was done for the lighting schedule. 

In this case the program was run for the 16 Ryerson buildings by reducing lighting 

schedule. The output from the program shows significant saving in this case. It shows 

that by rescheduling lighting schedule, lighting electricity consumption reduced by 21% 

as well as 10% cooling demand decreased, but 14% heating load increased. 

PRISM HC model was established based on the Toronto weather data for hydro 

demand and steam demand. The results from these models were compared to the 

actual bills for Campus Planning, base case simulation from Carrier HAP model and 

PRISM model was established from HAP weather data. This model was also applied for 

the Ryerson campus in three different locations namely as Edmonton, Vancouver and 

Fredericton. This model shows that for steam consumption Ryerson University is the 

second highest and for hydro consumption Ryerson University is the second lowest 

position. This report also estimated energy intensity for the Ryerson campus. Result 

shows that Ryerson University in Toronto consumed less energy compared to other 

universities. 
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8.0. Recommendations 

Performing building energy simulation needs to account for many of things 

related to the building environment, occupancy behaviour, building thermal 

performance, building operating schedule. It also needs to identify the factors of wastes 

energy. This project was done based on the information gathered from the Campus 

Planning about the building operation and schedule with some assumption on the plug 

load and miscellaneous energy uses in the buildings. 

This project was completed 86% of the entire Ryerson campus, it is highly 

recommended that for further improvement of this analysis it is required to complete the 

remaining area for energy audit and find out potential savings from the analysis. It is 

also recommended to collect actual data for the plug load, electricity consumption for 

different types of equipment to determine accurate electricity consumption for entire 

Ryerson campus. 

The analysis showed that Constant Air Volume (CA V) air distribution system 

required more electricity for continuous recirculation of air. As a result in this system 

required more cooling load demand and heating load demand compared to Variable air 

Volume (VAV) system. Kerr Hall, Victoria Building, Jorgenson Hall and one part of 

School of Image Art have CAV air distribution system. It is recommended that for the 

potential savings CAV air distribution system must be replaced with the VAV air 

distribution system for those buildings. 

This report performed PRISM modeled and analysis for combined 15 buildings 

energy consumption (steam and hydro) and RBB only for steam consumption. For 

better result it is good practise to do PRISM model for individual building. To performed 

individual analysis for PRISM model, it is more important individual building metering 

data for different end-uses. 
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Hydro Kwh Reporl 

Fiscal Year 2005 
BUILDING TobIIOIKWH 1liiy 

Appendix A: Bill information 

Hydro bill from campus planning 

.111ft JuI Aug .... Oct N"" OM Ja" f ... IW' Apr 
~'"""_''t .. ,,,,-..,,,, ."0.'1J;""'''~'''_>IO.--I>~~-'<:JO'W~,,_.~'''''''''~~'''''~_ .• ·#o''''+.~;r,.,.'t'''~~'''''-_~_~""'''''+''''''''l~~_"",.''''''''''C~''''','lj_'''''''''''''''''~_~.'''~''''' 

( ... .1'-:. 101 GERIlARD n. 1I$,9H 9.4~) 8,420 12.000 9.600 1.Zao 7.200 9,600 11.400 9,120 11.(100 1,610 1.200 

<:it- III BOND ST. 1:>4.113 9,360 13.065 17.160 14.100 1.~ 6,900 1,401 IIJ)4I1 16,610 8.2lll 11,060 11,931) 

ill; I>' III GERIlARDST. 146,701 7,040 u.m M60 8.0lI0 1.400 7.160 14,8IIO ',100 IIp'll ll.$6O 6,9'lI 8.400 
\~,t O} 112 BO!\D ST. 101-"'0 MOO u.tO $,340 5.120 !.4..'O 3,160 1.220 12.720 t,.fao IMao 10.200 12.360 

l')'" 137 BOND ST. 53.lao 3.560 1.120 3,6l1fl 3.600 3.640 J,1IlO 3,640 9.010 4.320 5.260 • .MIl U40 

, 1 ,-. 160 Mt:lt!AL ST. 5,$00.402 -402,544 -1'1.0$7 '2-1.9n $O$MO 607.161 '.9,172 426,544 37l1,nJ 4",394 316.617 435.143 420.5" 

to'" 11 GOlW ST. 2.130 100 It€> 174 160 140 120 161 m 242 214 224 110 

J c..:' 240 JARVIS ST. 2.12M1O IOS.480 141.120 nullO 1112._ 1 .... 000 142.200 1~.S20 44.Il10 376.160 237.2110 1112.700 161._ 

243 ClIU\OI ST, U12.078 392.91>1 379.1111 .l"Ul. 16S.224 «'11.260 m..lM 381.486 mJ07 J44,~ Jl~.804 389.498 3&1.671 
.,;, <::. 2M VICTOR11\ ST ___ 3,6118.472 m,t09 277,062 2S2.226 161,107 262.4>14 30MII 317,247 1lOJl1 l4O,l14 

)07_ 
}.I6.m 33S,22S 

t 
300 VICTORII\ ST, 366.066 29.460 2$.(\(J() 2$.$66 2'.120 2),,20 2',2110 U.440 37.600 3),200 38.080 31.040 36,160 

",'!:>J02C1IURCH ST. lM.S4J 2I.22J 28.3\lO 2$,600 2$.600 2$.600 31,920 3',S2O 30.010 29,760 3'.200 2"'00 37,440 
I 
!A~< 325 0I111t0i ST, ~o.ltl 64.IS2 67.290 IUIO n~ 118,1~ '2,~ 92,400 74.400 76.800 11/;,400 10.800 tUoo 

.... "t :HI L'llUROI ST. .".600 34.JOO u.ooo St;,000 S2-000 44.000 33,200 n.oclQ 32,100 34,400 30,400 21,200 14,aoQ 

361 VICTORII\ ST. S.918.696 443,197 497.t118 496J~ 491.083 !<OS.686 511.631 SI2.fIIiII 4~.t94 :!O.),803 4S7.7$3 .!O1.905 ~.Im 

/,,),'1' 3110 ~'ICTQRJI\ ST, 16.19~.lS6 1.29).222 1.194.1~ 1.949.361 2.0)4,6)1 1,9(",40) 1.260,103 1.094.422 1.0S4,9OII 1,067,640 1.03),111 1,161.(0) 1,14I.2IW 

. ~ 44 GEIUWU)Sltr~ 2-13.200 IMO 20.120 25.120 2-1,960 26.S60 :23.360 22.560 16.48() 17.-440 20.160 1 • .lMl 19,360 
/' '.:; •. > 

t'~$. ~ GOULD ST. "'-:..- 2,3118,200 204.100 192.000 Itl,OOO 200.000 1'2.000 111),600 lOl,lIlO 190,400 166,400 lQIi,600 1'lUOO 241.000 

• '.:.; SS (]OtiLDST. 1,65Il.m 129.491 129.J1t) 125.195 125.620 uun 14OJj7 14'.mt 1010.411 m,9S0 1l1.¥n lSIAl(> llUU 
I 

I" I':' 17 GEIUWU) sr. UI3.tJ(,8 3O!.17$ 191.10' 11l8..7lJ 214.667 291.430 31US6 l46.S91 3.lO.787 :t3J,247 33S.9111 lSl,2$) l46,7l4 
.. 

EI:U·if;~E~~~:~~.~~~~~~~~~~II~:~!~~rr~ri!:~~r~~~~.:~~~I~;~:~tl~:~~;.~~t~~:·:~~!~;] 
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Fiscal Year 2006 
BUILDING Totol Of KMi May Jun Jill Aug 6ep Oct Nov OM! Jan Feb Mat Arw 

~.'~""._~"'_"''''_''' .• ''~''O_'''''_. __ '_'''<-<' _____ --'' __ '_'''_'~''.<'~,",,·.'''~ ___ ~._,,,::;;-.;;;'·."":'%";'.=~.·Tf!.:',~""''t-.. ___ .... ,.._._ ... _ .......... ·,,,~-'r.="'."""-'l '" 

105 BOND ST. 

III IIONO ST. 

111 rn-:RRARO ST. 

112 lION!) ST. 

160 MUTUAl. ST. 

17 GOULD ST. 

240 lAkVIS sr. 
243 CHI!'K1t ST. 

28' VICTORIA sr. 
300 VICTORIA ST. 

la2CHURCH ST. 

3~ CHURCH ST. 

:141 CHURCH ST. 

361 VICTQRIAST. 

lIIO VICTORIA sr. 
44C1F.JtRAROST. 

$OOOULDST. 

"GOULD ST. 

11 GERRARD ST. 

142.920 

IH.") 

1$0.1120 

113.420 

5.39'1.900 

2.105 

9,)60 

11.160 

8,J4Q 

"15.m 
116 

2.023.474 103.200 

4.411&.541 

4,01\7.896 

33'.991 

43',a.w 

985.230 

4(;).653 

3.,,1._ 

US.225 

29,928 

2'.lOO 

1>9,(>lO 

28.053 

6.044.139 499.11' 

11,l"I6,049 I.S16,726 

2$6.000 1:\.760 

2.726.;100 214.400 

1.70'.010 130,'139 

',OS7-'48 343.J6's 

13.06' 11.lfIO 

12.:!\(,(l 14.MO 

4,320 S.lIO 

467,0'3 5JI,296 

III 154 

1)4, 71iD I(,I.~ 

161.124 395.14' 

116.902 314.239 

21.640 lJ.SlO 

29,440 29,120 

",200 93,WO 

44._ 49.WO 

492.064 491.101 

14.100 

14.000 

<1.910 

SQ1.J(J9 

114 

1'10.371 

11l~Jm 

nO.n) 
19.)110 

29.760 

lI4.000 

45.200 

510.111 

1.860 

U.f>IW 

3.460 

SJI,s4(J 

144 

UII.920 

J8l.607 

'IU20 

24,480 

3<;1.6110 

'lI1.400 

41.200 

5Il3.TII 

2.1IllI."12 US1,638 2,161.959 1.8l1li..991 

2O.'K>O 211.400 24.160 26,S60 

220,300 12',600 211.600 244._ 

123,610 1:zo.:I45 

324J24 317."3 

MOO 
4._ 
5.001II 

456,912 

III 

104.400 

)9'iI.~8'iI 

333.162 

2l.C80 

36.160 

?3.200 

)5.600 

321.2OJ 

22.240 

216.000 

.,I,9U 

:147.'44 

65.760 

1,401 

1:UOO 

12.480 

4(l9J(1(> I. 
2Il2.2OO 

3M.m 

J2U':12 

2U20 

45.120 

9l._ 

37.200 

519.lJ2 

.4,'20 

1.040 

l4,OBO 

7.J20 

l6J.246 I,. 
11>7.760 

317"'7 

29J;279 

24.6-10 

32.320 

1>4.100 

21._ 
"Mil 

2J.2I!O 

16.6110 

12.000 

21.1l1li 

429.'lOO 

W2 

29:\.100 

344.0311 

321.954 

42.240 

41.040 

91.lOO 

.13.200 

S4~.042 

1.26&,('3 t.0S9.3H 1.IlU7S 

24. 'K>O 14.400 23.&40 

240.000 16J.lOO 291.600 

1$0,162 145.161 11>4,646 

U, .210 ll6,.1'I)5 37&.1111l 

12.960 

1.220 

7.'nO 

14,54(J 

400,111 

2116 

259,6aO 

J22.1$$ 

lOl.ln 

llklO 

37.440 

72.000 

ll.600 

m,.. 
1.0lIl.224 

17.'nO 

2n.400 

!SUJ1 

"1.154 

11.060 

8.1110 

12.'100 

443.*,4 

212 

1'13,120 

360.10') 

'7MOO 

29.750 

31.440 

71.200 

:l2.IOO 

360.14) 

1.193.336 

19.J60 

211.200 

11>4.491 

36'l.114 

14.400 

11.\130 

11I.1:!O 

11,'110 

420-,,'11 

I~ 

16.6'111 

381.611 

:107.SSS 

JU60 

.'.120 

I7,WO 

l7.WO 

383.1"* 

l.}Ill.'1l 

21,440 

~2.1IOO 

144.1011 

)50.260 

·~I.1W56: f.n4.4ii£ '.4;no:l1J;·s.m.6i\l: '''9il:!IOi~4.'7)I,009 i,lwitE"(i7il,fif: 331i:9;: '4m:~aso,~u,: 4j14,l!JO .. :::: ).aoU~ ':~ 
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Hydro Kwh RepoIt 
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101 GEJIIIARDst'. 

105IlONDST, 

IlIIlONDST. 

III <lERItJ\RIl ST. 

III lION{) ST. 

160 MUruAL ST. 

:uo JARVIS ST. 

243 CHl'RCH sr. 
ztI, VICTOIUA sr. 

302 CHlllOl sr. 
)23 CHl'l«."It sr. 
;loll (lII.'RClI sr. 
361 VICTORIA sr. 
)10 VICTOIUA sr. 
!Hl GOI.!LD Sf. 

" DI'NDAS ST. 

"OOlfU)ST. 

17 O£.RRARD ST. 

101.493 6,3W 

600.'1111 12.4110 

134.'1113 93110 

120'~ 10)20 

114.126 6,3$0 

5,1IO'.~ 4~l' 

1,~.1S1 14.600 

4.111.2111 )44.136 

l,l99.652 lOO.OSS 

373.760 31.0lI0 

1112.000 ".600 

4".WO 40.100 

4.lS4.372 4'J9,1I' 

20,3\19.66& 1.931,675 

2,77',741 2:1,.100 

Jun 

1.0IIII 

9.J60 

Il,Ol>S 

1J,280 

1I.J!Hl 

Jill "'" Sep Oct Nov OM Jan Fft Mat "-

-469.191 

93.600 

328.1') 

21<1.127 

21,100 

61.200 

4UOO 

3SM91 

~------....----.,-,-.,--, 
6.120 

11.400 

IT.IM 

11J,S60 

6.211 

$14,419 

9UOO 

J42.00I 

271,361 

l5.2110 

61.lOO 

39.lOO 

U4,744 

10,l2l) 

16.JOO 

14.100 

12.140 

9.961 

!26,o26 

181.920 

334.713 

l82,.JIlO 

ll,oall 

91,-

50.100 

J.4O.401 

6,600 

204.000 

7,J60 

1l.J20 

6.!I11 

jK'.7~ 

14'-6111 

l4I.llI 

:!8U.'14 

21.200 

13.200 

'9.200 

15'.401 

6.000 

2.100 

6,900 

10.1>40 

IU10 

562.4" 

111.Il00 

3'10.161 

31~,I01 

JA,400 

16.
u.ooo 

315 • .06 

L'lIO 

'19.200 

1.4111 

'.600 

10.1-11 

414 • .0' 
1)1..100 

""'.ZI9 

SII.III:I U._ 
1W,IlOO 

32.400 

:u.J,ID 

9,721) 

l6.9W 

I.IJ.IO 

1.-

11.331 

34'.66$ 

1\14 •• 00 

:JU9,J9I 

261.Sltt 

2'0,760 

&1._ 

32.400 

J2>\,2i6 

11,$80 

31.700 

16,6110 

U40 

1l,lJ6l 

423.%11 

1110.000 

3~lM7 

311.2'81 

'10,4/11) 

7I.1lOO 

;'.200 

JSI,1!(.9 

11.704 

72.9W 

11.220 

.. -
12,6)1 

411,2U6 

~IIOO 

332.881 

3UlIS4 

29.440 

84,1lOO 

36._ 

J2U71 

9.01'1 

61.138 

lJ.06O 

1.640 

10.9$1 

4J..,I' 

.65.WO 

301.099 

;IoIU4Ci 

:I4,SIIO 

'19,200 

32.400 

161.l29 

124M54 2,25$,319 2.lIO,m 2.132,389 1.7114.324 1.)I>j.m 1.174.05' 1.2J4.11114 1.19$.4!cs 1.26'.\lOl 

204.100 18&,100 252._ 211.600 23&._ 249.600 lIU41 27l.600 204.Il00 236.000 

""""' ....... "" ,,"" ...... """'.--. 
1,040 

SI,20J 

11.910 

9,140 

11.'100 

.fJ9.519 

29,0.10 

140.1>'.11 

313.193 

31,960 

11',200 

36.400 

l4l.JO' 

1.473.60'1 

V4..oo 

'.001.970 323,122 JoI,'45 309.217 314.001 lla.I'" 351.- U},7.' 296.203 353,6'10 ;IoI'.WO 312.041 ;1011.010 

1.7l2.1111> 134._ 126.33' 136,602 1.\B,336 143.112 142.121 161.963 1",970 169.439 142,727 142.620 .,U.~ 

3.60'1.471 111,D31 186,S14 Jo2,041 284M1 293.332 310.191 Jot.M 29l,941 310.102 29S.l6I l2II.!Il9 283.210 

54.,,?,454 ., 'l1s6:~,:m:m' iMl.20t i U09A~, ".2it:9ciili:li$;-;uauI$ j"jii;H.TUii.ll4· .-,o.ii.m"'~U92.74'-:~"4:i~193 1,!1' 
"-'-,~.' .... - .... ,,' ."i~.~",',;:b~,.\o;.C:.;4 ~'~~"';to; :3-aJit.'!"~ ...... ,.'·~l,:::i:'.!.~.; :,·.M.~l~~~,.L;,~~-;,~il"i·1\,~ ... ~.:""j,~~~; ... ",,~~·:lI 
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Fiscal Year 2008 
BUILDING TOUoIOfKWH ..., .lull .lui Aug Sep Oct N .... Dec .hi" hb MIot ArK _. 

.,,... .... ;,c...,~ ...... "'""'"" ......... " ....... _, .... ' ." .. -'t',,' ~ ... ,' 
'"'_ .. ,_--.. ... __ to!"~ __ ~. 

'"') .. --~'-,.. 'j'~ ... ~ "<1'''"'''''''._ < _ ..... _ 

10$ Il()NI> ST. $16.%2 69.920 111.666 U.OZ7 (!!I,m (!!I.920 ,11,176 53.13' nJ41 
100 MunJAL ST. l.1>I3.oz:t 471,016 ')l).I>4} SII.l23 "7.499 4Jz.J.I. 402.137 3'3.:"2 '11.100 

240.ARV1SST. 1.l34.I69 77.'09 169,1ll!I 110.700 Ul.900 116.100 l:II,tiflO 211),- 2'7,140 

243 CHUROl ST. 1,IJ9(),~ J.'I\I,lU1 3:W,3II1 :WS.192 ~ :l6O,Il14 31!l.1J6 1S5.?91 ;l61.nl 339,_ 

28$ VK."tUIUA ST. 2,513.006 116,'150 29'1.'2.\ m.2a4 2.S2.I)4S lJl.OOO 2$0,,113 21.1.700 lJj.921 lI2,309 

300 VI<."TURIA n. 1111.611 Jt.1<iO 5UJl 

m CHtJR<''H ST. 691._ (!!I,ooo ,.,.00 1''- 7 .. 400 AUO 1I.$01J 111,000 7UOD '7.$11 

W CHllRaI ST'. "-:zoo &:zoo 

3" YONOE ST. 24.000 24.000 

361 VICTORIA ST. l,11i(l,971 332,7« )lI,7S) 143.01» 3lO.J91 .lM,109 )1.1,475 )71,J1ItI 333.1'" )52.651 

1110 VICffiRIA ST. 15,5U.676 1.511,491 2.103.791 2,37),017 Ul<W7' 2.031.1)41 l.lOO.O14 1,3)1,0112 1.240 •• 23 1.2'3.1'11' 
lO OOllLD ST, U«.'" 243,200 222,_ 2.l1 • .tOIl 215.lOO l72,166 tlII,.tOIl 2110.000 212)100 ;162,149 

UDlJ1IIDASST. l.IOO,2$' 319,3" 32MI! 332,'" 327:m 3'3,191 )61,$1' 351,."1$ .24.913 361,692 

SHlOULDST. UlJ,657 I3I.1G 124.017 121.121 127.439 m.m H$,9]2 145.970 1.co.J71 1~.276 

17 QItRAlU) ST. U~.l6) 239.191 273,710 ltIJ,l53 l~ 293.4>' llS.Jl9 33&,301 366.651 401.l51 

,.~~-:-,V":~~40.0IQl1 :i,664jt.4 "1,69i;.1s-$~Ii,i99,3.1 '· ... 9.ii . .m 4,101,31'~ifu,.· l,917,606 .4.267,m 'T'l:" '. 
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Table 63: Steam consumption bill for Meter-1 

! 

Steam Steam 
2005 Consumption 2006 Consumption 

(Ib/hr) I (Ib/hr) 
May_ 2005 7,647,218 May_ 2006 7,651,590 

! June 2005 2,617,669 • June 2006 2,719,484 
July_ 2005 1,694,000 July_ 2006 2,532,838 
August 2005 1,854,757 i August 2006 1,554,106 
Sept 2005 1,892,409 Sept 2006 2,997,085 
Oct 2005 6,084,417 Oct 2006 6,567,065 
Nov 2005 10)41,258 Nov 2006 10,503,550 
Dec 2005 13,600,716 Dec 2006 10,127,434 
Jan 2006 17,905,233 Jan 2007 16,884,195 
Feb 2006 17,2~ Feb 2007 15,851,593 
March 2006 15,88 March 2007 9,161,666 . 
April 2006 10,224,038 April 2007 10,763,171 
Total 107,411,195 Total 97,313,777 

Steam Steam 
2007 Consumption 2008 Consumption 

(Ib/hr) (Ib/hr) 
May_ 2007 3,566,440 May_ 2008 7,249,496 
June 2007 2,801,018 June 2008 3,026,709 
July_ 2007 2,411,719 . July_ 2008 2,260,656 
August 2007 2,224,515 August 2008 2,296,366 
Sept 2007 2,401,000 Sept 2008 2,138,684 

t 2007 3,786,249 Oct 2008 6,694,544 
! Nov 2007 4,793,000 Nov 2008 12,669,623 

Dec 2007 15,781,554 Dec 2008 15,965,697 
• Jan 2008 17,619,732 Jan 2009 19,176,725 

Feb 2008 16,400,608 Feb 2009 0 
March 2008 16,025397 March 2009 0 
April 2008 8,043,753 April 2009 0 
Total 95,854,985 Total 71,478,500 
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Table 63: Steam consumption bill for Meter-2 (RBB) 

Steam 
2006 Consumption 

(Ib/hr) 
May. 2006 0 
June 2006 0 
July_ 2006 0 

• August 2006 OJ 
Sept 2006 248,579 
Oct 2006 495,774 
Nov 2006 585,672 
Dec 2006 663,546 

• Jan 2007 950,792 
Feb 2007 1,200,570 
March 2007 641,073 
April 2007 0 
Total 4,786,006 

Steam Steam 
2007 Consumption 2008 Consumption 

(Ib/hr) 
339,2131 May. 2008 = (Ib/hr) 

May_ 2007 347,690 
June 2007 186,729 June 2008 218,324 

• July_ 2007 153~ July. 2008 194,155 I 
August 2007 149, August 2008 204,522 
Sept 2007 210,743 Sept 2008 241,088 
Oct 2007 300,677 Oct 2008 433,659 
Nov 2007 540,814 Nov 2008 573,457 
Dec 2007 698,698 Dec 2008 670,796 

• Jan 2008 746,711 Jan 2009 838,608 
• Feb 2008 764,775 Feb 2009 0 

March 2008 738,444 March 2009 0 
April 2008 432,941 April 2009 0 

Total 5,262,143 Total 3,722,299 
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SI. Building 
No. Name 

1 ENG 

2a KNE 

2b KNW 

.; ; .... i ·~eWWttt(tC75-TfC-iE5J7n • 

Appendix B: Building envelope 
Table 64: Building envelope data 

Overall U-
Types value 

W/m2/K 
Wall Assembly-1 0.376 

! Wall Assembly-2 0.323 

I Wall Assembly-3 0.407 
Type-1 Window Assembly 3.62 

! Type-2 Window Assembly 3.087 
I Type·3 Window Assembly 3.03 
i Type-4 Window Assembly 3.571 
! Type-5 Window Assembly 3.18 
I Type-6 Window Assembly 3.041 
Type-7 Window Assembly 3.654 

Door Assembly 1.073 
Roof Assembly-1 0.549 
Roof Assembly-2 0.358 

Wall Assembly 0.32 
Type-1 Window Assembly 3.14 

Type-2 Window Assembly 3.645 
Type-3 Window Assembly 2.782 

. Type-4 Window Assembly 3.623 
! Type-5 Window Assembly 2.816 

Door Assembly 1.703 
Roof Assembly 0.317 

Wall Assembly 0.361 
Type-1 Window Assembly 3.686 
Type-2 Window Assembly 3.18 

• Type-3 Window Assembly 3.659 
Type-4 Window Assembly 3.611 
Door Assembly 1.703 
Roof Assembly 0.305 
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Overall Shade 
U-value Coefficient 

W/m2/K 

0.648 

0.427 

0.435 
0.747 

0.833 

0.479 
I 0.792 

3.293 

0.628 

0.747 

0.696 
0.747 

0.71 
3.293 

0.792 

0.833 
0.747 
0.747 

6.416 



2c KSE Wall Assembly 0.186 
Type-1 Window Assembly 2.646 0.82 
Type-2 Window Assembly 2.657 0.641 

Type-3 Window Assembly 2.709 0.641 
• Type-4 Window Assembly 2.629 0.641 

I 

Door Assembly 1.703 6.416 
Roof Assembly I 0.317 
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SI. Building Overall U- Overall Shade 
No. Name Item value U-value Coefficient 

W/m2/K W/m2/K 
2d KSW Wall Assembly 0.351 

Type-1 Window Assembly 3.611 0.747 
Type-2 Window Assembly 3.641 0.747 

Type-3 Window Assembly 3.625 0.747 
Type-4 Window Assembly 3.617 

Door Assembly 1.703 6.416 

Roof Assembly 0.317 

3 SCC East Wall Assembly 0.33 
• North Wall Assembly 0.339 

I South Wall Assembly 0.321 
: 

West Wall Assembly 0.321 
i Type-1 Window Assembly 3.271 0.751 
i Type-2 Window Assembly 3.286 0.751 
i Type-3 Window Assembly 3.266 0.751 
Type-4 Window Assembly 3.624 0.747 
Type-5 Window Assembly 3.586 0.747 
Type-6 Window Assembly 3.584 0.747 
Type-7 Window Assembly 3.583 0.747 
Type-8 Window Assembly 3.29 0.751 
Door Assembly 1.703 3.293 

. Roof Assembly 0.348 

4 HEI North Wall Assembly 0.253 
South Wall Assembly 0.233 
East Wall Assembly 0.27 

• West Wall Assembly 0.285 
Type-1 Window Assembly 3.301 0.751 
Type-2 Window Assembly 3.299 I 0.751 
...... 3 Window Assembly 3.321 0.751 I . 

I Type-4 Window Assembly 3.329 0.751 
Door Assembly 1.703 3.293 
Roof Assembly 0.379 

5 IMA Wall Assembly 0.402 

Window Assembly A 3.062 
: 
Window Assembly B 3.064 
Window Assembly C 3.612 

f Window Assembly D 3.657 

i Window Assembly E 3.628 
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51. Building Overall U- Overall Shade 
No. Name Item value U-value Coefficient 

W/m2/K W/m2/K 
6 VIC Wall Assembly 0.478 

· Window Assembly 2.69 0.641 
Door properties Assembly 1.703 3.293 

Roof Assembly 0.317 
7 JOR i East Wall Assembly 0.327 

i North Wall Assembly 0.403 
South Wall Assembly 0.403 

: 

West Wall Assembly 0.316 
Type-1 Window Assembly 3.61 0.747 
Type-2 Window Assembly 3.611 0.747 
Type-3 Window Assembly 3.612 0.747 

! Type-4 Window Assembly 3.613 0.747 

I Type-5 Window Assembly 3.615 0.747 
I 

• Type-6 Window Assembly 5.617 0.747 

Door Assembly 1.703 3.293 

Roof Assembly 0.476 

8 LIB East Wall Assembly 0.347 

North Wall Assembly 0.348 
i 

• South Wall Assembly 0.348 

West Wall Assembly 0.348 

i Type-1 Window Assembly 3.594 0.747 

i Type-2 Window Assembly 3.605 0.747 

Type-3 Window Assembly 3.612 0.747 

i Type-4 Window Assembly 3.613 0.747 
i Type-5 Window Assembly 3.615 0.747 

Type-6 Window Assembly 5.617 0.747 
i Door Assembly 1.703 3.293 

Roof Assembly 0.352 

9 POD East Wall Assembly 0.344 

South Wall Assembly 0.344 

West Wall Assembly 0.344 

Typ_e-1 Window Assembly 3.594 

Type-2 Window Assembly 3.595 

TYlle-3 Window Assembly 3.6 

Type-4 Window Assembly 3.606 

Door Assembly 1.703 3.293 

Roof Assembly 0.379 
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SI. 
No. 

10 

11 

12 

13 

Building 
Name 

EPH 

SHE 

SID 

PIT 

Item 

East Wall Assembly 
North Wall Assembly 

South Wall Assembly 
West Wall Assembly 

Window Assem bly 

East Wall Assembly 
I North Wall Assembly 

South Wall Assembly 

West Wall Assembly 
Window Assembly 

Door Assembly 

Roof Assembly 

East Wall Assembly 
North Wall Assembly 

South Wall Assembly 

West Wall Assembly 
! East Window Assembly 

North Window Assembly 
South Window Assembly 

• West Window Assembly 
Door Assembly 

Roof Assembly 

Wall Assembly 
I Type-1 Window Assembly 

Type-2 Window Assembly 

Door Assembly 
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Overall U- Overall Shade 
value U-value Coefficient 

W/m2/K W/m2/K 
0.384 

0.363 
0.363 

0.329 

3.668 0.747 

0.385 
0.329 

0.363 

0.329 
3.617 0.747 
1.073 3.293 

0.386 

0.344 
0.348 

0.386 
0.344 

3.618 0.747 
3.624 0.747 
3.612 0.747 

3.631 0.747 
1.073 3.293 
0.505 

0.319 
3.185 0.641 
3.339 0.811 

1.703 3.293 



s_------.. -------------------------.-.... ~· 
Overall Overall Shade 

SI. No. Building Name Item U-value U-value Coefficient 

W/m2/K W/m2/K 
14 RCC North Wall Assembly 0.203 

South Wall Assembly 0.244 

I East Wall Assembly 0.348 
West Wall Assembly 0.2 

• Type-A Window 
Assembly 3.662 0.74 
Type-B Window 

. Assembly 3.635 0.74 

Door Assembly 1.703 3.293 

Roof Assembly 0.497 

15 RBB North Wall Assembly 0.285 
! 

South Wall Assembly 0.695 

• East Wall Assembly 0.233 
! West Wall Assembly 0.215 
• Type-1 Roof 
I Assembly 0.235 
Type-2 Roof 
Assembly 0.203 

.. Type-3 Roof 
Assembl~ 0.388 
Type-A Window 

• Assembly 3.301 1.703 0.751 
Type-B Window 
Assembly 3.275 0.751 
Type-C Window 
Assembly 3.321 0.751 
Type-D Window 
Assembly 3.278 0.751 

Door Assembly 1.703 
Roof Assembly A 0.235 
Roof Assembly B 0.203 
Roof Assembly C 0.237 
Roof Assembly D 0.383 
Roof Assembly E 0.383 

Roof Assembly F 0.388 
Roof Assembly G 0.292 
Roof Assembly H 0.309 
Roof Assembly I 0.323 
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Appendix C: Calculation 

I Central Chiller Plant Model 

Chiller Output (kWh) 13231280 
Chiller Output, Chilled water 
(kBTU) 45145127 
Remote steam load (kWh) 5814941 
Remote steam load (kBTU) 19840579 
Steam cost $ (0.025 $/lb) 496014 

Electricity consumption (kWh) 
• Chiller Input, Electricity 1229193 
i Misc. Electric 394722 
Primary Chilled Water pump 229645 
Secondary Chilled Water pump 99414 
Condenser Pump 633868 
CoolinQ Tower Fan 664352 
Total 3251194 

658,426 
39472.2 
22964.5 
63386.8 
66435.2 
850,685 

45145127 

I Chilled water cost ($/ton-hr) 0.231 
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Steam demand calculation for Meter-1 

I 51. Name of building 
Gross 

• No. Area 
(m") 

1 School of Image Art(IMA) 9345 

i 
2 Heaslip House Continuing Education (CEO) 4180 
3 Kerr Hall (KNE, KNW, KSE, KSW) 52409 

I 
4 Engineering Building (ENG) 22350 
5 Jorgenson Hall (JaR) 10964 

I 6 Library Building (LIB) 18487 
7 Podium Building (POD) 21730 
8 Eric Palin Hall (EPH) 13942 
9 Sally Horsfall Eaton Centre for Studies in 7077 

community Health (SHE) 

10 Student Campus Centre (SCC) 4180 
11 School of Interior Design (SID) 4373 
12 Victoria Building (VIC) 12708 
13 Heidelberg Centre-School of Graphic 2985 

Communications Management (HEIIGCM) 
14 Rogers Communications Center (RCC) 13100 
15 MaN Civil Engineering Building 2843 
16 South Bond Building (SBB) 6494 
17 Architecture Building (ARC) 7239 
18 Oakham House (OAK) 2033 
19 Research and Graduate Studies (GER) 2860 

20 Pitman Hall Residence (PIT) 3828 
Total area serves for Meter-1 223,127 
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Audit area serves for Meter-1 

I 51. 
! No. Name of building Area 

(m':) 

1 School of Image Art (IMA) 9345 
2 Heaslip House Continuing Education (CEO) 4180 
3 Kerr Hall (KNE, KNW, KSE, KSW) 52409 
4 Engineering Building (ENG) 22350 
5 Jorgenson Hall (JOR) 10964 
6 library Building (LIB) 18487 
7 Podium (POD) 21730 
8 Eric Palin Hall (EPH) 13942 
9 Sally Horsfall Eaton Centre for Studies in 7077 

community Health (SHE) 

10 Student Campus Centre (SCC) 4180 
11 School of Interior Design (SID) 4373 

12 Victoria Building (VIC) 12708 
13 Heidelberg Centre-School of Graphic 2985 

Communications Management (HEIIGCM) 

14 Rogers Communications Center (RCC) 13100 
15 Pitman Hall Residence (PIT) 3828 

Total audit area for Meter-1 201,658 

Total Steam demand for 15 buildings in Meter-1 I 90.30% I 
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Steam demand for Fiscal year 2006 

Fiscal Year-2006 
i Steam Consumption (Ib) 
! January 17,905,233 

February 17,267,436 
March 15,882,044 
April 10,224,038 

I May 7,651,590 

· June 2,719,484 
July 2,532,838 
August 1,554,106 
September 2,997,085 
October 6,567,065 
November 10,503,550 
December 10,127,434 

Total I 105,931,903 
Steam Used for selected buildings (90.3%) 95,656,508 

, ., I 
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Appendix D: Necessary data for PRISM model 

Canadian Climate Normals 1971-2000 

(http://c1imate.weatheroffice.gc.ca/climate_normals/index_e.html) 

Month/City Edmonton Toronto Fredericton Vancouver 
(OF) (OF) (OF) (OF) 

January 8 21 14 38 
February 13 22 17 41 
March 24 31 28 44 
April 40 43 40 49 
May 51 55 52 55 
June 57 64 61 59 
July 61 69 67 64 
August 59 68 65 64 
September 50 60 56 58 
October 40 48 45 50 
November 22 38 34 43 
December 12 27 21 38 

PRISM (HC) model result for steam demand of 15 Ryerson buildings 

Jan- Jan- Jan-
May'05- Dec Dec Dec Jan'06- Jan'07-

Model (HC) Dec'08 2006 2007 2008 Dec'07 Dec'08 
Base Level (a) (Ib X 
1000) 24.91 -78.11 117.07 -3.66 -2.49 49.69 
Heat Ref Temp. (OF) 68.00 73.97 47.65 69.00 70.00 63.00 
Cool Ref (OF) 68.00 74.00 61.00 69.00 71.00 69.00 
Heat Slope 10.58 12.86 14.22 11.73 10.63 11.05 
Cool Slope 6.28 67.36 -4.80 23.95 20.75 5.85 
CV (NAC) (%) 3.50 6.90 9.90 3.60 6.50 5.20 
R.l 0.90 0.91 0.86 0.98 0.84 0.89 
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PRISM (He) model result for hydro demand of 15 Ryerson buildings 

Jan
May'05- Dec 
Dec'08 2006 

135.60 
57.00 
72.00 
-1.02 
6.56 
2.29 

'0.78 
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Jan
Dec 
2007 

115.57 
11.00 
42.00 
19.34 

1.03 
2.80 
0.57 

Jan
Dec 
2008 

102.4 
13.00 
40.00 
67.59 

1.36 
2.60 
0.66 

Jan'06- Jan'07-
Dec'07 Dec'08 

""1 
" 
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Appendix E: Carrier HAP simulation result for each building 

1. Engineering Building Annual Component Costs 

3.1% Misc. Electric 

Cooling 17 Electric Equipment 

Pumps 1.2% 

1. Annual Costs 
Percent of 

Annual Cost Total 
Component ($) ($/m2) (%) 
Air System Fans 37,547 2.135 5.3 
Cooling 123,647 7.032 17.4 
Heating 148,101 8.423 20.8 
Pumps 8,245 0.469 1.2 
Cooling Tower Fans 0 0.000 0.0 

HVAC Sub-Total 317,541 18.059 44.6 
Lights 188,005 10.692 26.4 
Electric Equipment 183,846 10.455 25.8 
Misc. Electric 22,016 1.252 3.1 
Misc. Fuel Use 0 0.000 0.0 

Non-HVAC Sub-
393,867 22.399 55.4 Total 

Grand Total 711,408 40.458 100.0 

Note: Cost per unit floor area is based on the gross building floor area. 

Gross Floor Area 17583.8 m2 

Conditioned Floor Area 17583.8 m2 
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2.a. Kerr Hall (KNE) Annual Component Costs 

2.4% Misc. Electric 
10.2% Electric Equipment 

Cooling 12.1% 

~-;tu .5% Lights 

.1% Pumps 

1 Annual Costs 
Percent of 

Annual Cost Total 
Component ($) ($/m2) (%) 
Air System Fans 8,396 2.120 3.6 
Cooling 28,255 7.134 12.1 
Heating 117,434 29.648 50.2 
Pumps 2,531 0.639 1.1 
Cooling Tower Fans 0 0.000 0.0 

HVAC Sub-Total 156,616 39.541 66.9 
Lights 47,978 12.113 20.5 
Electric Equipment 23,850 6.022 10.2 
Misc. Electric 5,567 1.405 2.4 
Misc. Fuel Use 0 0.000 0.0 

Non-HVAC Sub- 77,395 19.540 33.1 
Total 

Grand Total 234,011 59.080 100.0 

Note: Cost per unit floor area is based on the gross building floor area. 

Gross Floor Area 3960.9 m2 

Conditioned Floor Area 3960.9 m2 
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2. b. Kerr Hall (KNW) Annual Component Costs 

1.7% Misc. Electric 
6.6% Electric Equipment 

Cooling 10.1% 

17.2% Lights 

.8% Pumps 

1 Annual Costs 
Percent of 

Annual Cost Total 
Component ($) ($/m2) (%) 
Air System Fans 6,252 1.739 2.6 
Cooling 24,374 6.780 10.1 
Heating 148,092 41.197 61.1 
Pumps 1,968 0.548 0.8 
Cooling Tower Fans 0 0.000 0.0 

HVAC Sub-Total 180,686 50.264 74.5 
Lights 41,732 11 .609 17.2 
Electric Equipment 15,901 4.423 6.6 
Misc. Electric 4,053 1.128 1.7 
Misc. Fuel Use 0 0.000 0.0 

Non-HVAC Sub-
61,686 17.160 25.5 Total 

Grand Total 242,372 67.424 100.0 

Note: Cost per unit floor area is based on the gross building floor area. 

Gross Floor Area 3594.8 m2 

Conditioned Floor Area 3594.8 m2 
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2.c. Kerr Hall (KSE) Annual Component Costs 

2.4% Misc. Electric 
Air System Fans 6.9% 10.5% Electric Equipment 

Cool ing 11.7% 

8.1 % Lights 

.0% Pumps 

1 Annual Costs 
Percent of 

Annual Cost Total 
Component ($) ($/m2) (%) 
Air System Fans 56,758 4.678 6.9 
Cooling 97,001 7.995 11 .7 
Heating 410,174 33.806 49.5 
Pumps 8,004 0.660 1.0 
Cooling Tower Fans 0 0.000 0.0 

HVAC Sub-Total 571,937 47.138 69.1 
Lights 149,580 12.328 18.1 
Electric Equipment 87,122 7.181 10.5 
Misc. Electric 19,461 1.604 2.4 
Misc. Fuel Use 0 0.000 0.0 

Non-HVAC Sub- 256,163 21 .113 30.9 Total 
Grand Total 828,100 68.251 100.0 

Note: Cost per unit floor area is based on the gross building floor area. 

Gross Floor Area 12133.2 m2 

Conditioned Floor Area 12133.2 m2 
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2.d. Kerr Hall (KSW) Annual Component Costs 

Air System Fans 5.0% 3.0% Misc. Electric 

19.2% Electric Equipment 
Cooling 14.9% 

25.8% Lights 

1.4% Pumps 

1. Annual Costs 
Percent of 

Annual Cost Total 
Component ($) ($/m2) (%) 
Air System Fans 27,915 2.703 5.0 
Cooling 82,483 7.987 14.9 
Heating 169,788 16.440 30.6 
Pumps 7,886 0.764 1.4 
Cooling Tower Fans 0 0.000 0.0 

HVAC Sub-Total 288,072 27.894 52.0 
Lights 142,833 13.830 25.8 
Electric Equipment 106,570 10.319 19.2 
Misc. Electric 16,763 1.623 3.0 
Misc. Fuel Use 0 0.000 0.0 

Non-HVAC Sub-
266,166 25.773 48.0 Total 

Grand Total 554,238 53.666 100.0 

Note: Cost per unit floor area is based on the gross building floor area. 

Gross Floor Area 10327.5 m2 

Conditioned Floor Area 10327.5 m2 
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3. SCC Annual Component Costs 

Air System Fans 10.4% 17.9% Electric Equipment 

Heating :l~.4,U/n--

1 . Annual Costs 
Percent of 

Annual Cost Total 
Component ($) ($/m2) (%) 
Air System Fans 6,655 2.224 10.4 
Cooling 1,299 0.434 2.0 
Heating 16,246 5.428 25.4 
Pumps 278 0.093 0.4 
Cooling Tower Fans 0 0.000 0.0 

HVAC Sub-Total 24,478 8.178 38.2 
Lights 28,145 9.403 43.9 
Electric Equipment 11,435 3.820 17.9 
Misc. Electric 0 0.000 0.0 
Misc. Fuel Use 0 0.000 0.0 

Non-HVAC Sub-
39,580 13,224 61 .8 

Total 
Grand Total 64,058 21.402 100.0 

Note: Cost per unit floor area is based on the gross building floor area. 

Gross Floor Area 2993.1 m2 

Conditioned Floor Area 2993.1 m2 
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4. HEI Annual Component Costs 

Air System Fans 10.3% 
22.3% Electric Equipment 

Cooling 1:>.£-/n ____ 

Heating 1 

1. An nual Costs 
Percent of 

Annual Cost Total 
Component ($) ($/m2) (%) 
Air System Fans 7,088 2.954 10.3 
Cooling 10,419 4.343 15.2 
Heating 13,665 5.696 19.9 
Pumps 197 0.082 0.3 
Cooling Tower Fans 0 0.000 0.0 

HVAC Sub-Total 31,368 13.074 45.7 
Lights 21,984 9.163 32 .0 
Electric Equipment 15,347 6.397 22.3 
Misc. Electric 0 0.000 0.0 
Misc. Fuel Use 0 0.000 0.0 

Non-HVAC Sub-
37,331 15.560 54.3 

Total 
Grand Total 68,699 28.634 100.0 

Note: Cost per unit floor area is based on the gross building floor area. 

Gross Floor Area 2399.2 m2 

Conditioned Floor Area 2399.2 m2 
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5. CEO Annual Component Costs 

Air System Fans 8.7% 17.3% Misc. Electric 

Cooling 1o.o ·/o--~ 

2.1% Electric Equipment 

Pumps 1.1% 

1 Annual Costs 
Percent of 

Annual Cost Total 
Component ($) ($/m2) (%) 
Air System Fans 7,062 3.068 8.7 
Cooling 13,416 5.828 16.6 
Heating 15,681 6.812 19.4 
Pumps 852 0.370 1.1 
Cooling Tower Fans 0 0.000 0.0 

HVAC Sub-Total 37,011 16.078 45.8 
Lights 20,045 8.708 24.8 
Electric Equipment 9,795 4.255 12.1 
Misc. Electric 14,014 6.088 17.3 
Misc. Fuel Use 0 0.000 0.0 

Non-HVAC Sub- 43,854 19.050 54.2 
Total 

Grand Total 80,865 35.128 100.0 

Note: Cost per unit floor area is based on the gross building floo r area. 

Gross Floor Area 2302.0 m2 

Conditioned Floor Area 2302.0 m2 
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6. IMA Annual Component Costs 

3.6% Misc. Electric 
Air System Fans 11.6% 

16.0% Electric Equipment 

Cooling 15 

Lights 

1 Annual Costs 
Percent of 

Annual Cost Total 
Component ($) ($/m2) (%) 
Air System Fans 29,211 4.046 11 .6 
Cooling 38,988 5.401 15.4 
Heating 71,064 9.844 28.1 
Pumps 834 0.116 0.3 
Cooling Tower Fans 0 0.000 0.0 

HVAC Sub-Total 140,097 19.407 55.5 
Lights 62 ,926 8.717 24.9 
Electric Equipment 40,484 5.608 16.0 
Misc. Electric 8,969 1.242 3.6 
Misc. Fuel Use 0 0.000 0.0 

Non-HVAC Sub-
112,379 15.567 44.5 

Total 
Grand Total 252,476 34.974 100.0 

Note: Cost per unit floor area is based on the gross building floor area. 

Gross Floor Area 7219.0 m2 

Conditioned Floor Area 7219.0 m2 
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7. VIC Annual Component Costs 

Air System Fans 3.1% 3.1% Misc. Electric 

Cooling 17.4% 

Heating 1 

1. Annual Costs 
Percent of 

Annual Cost Total 
Component ($) ($/m2) (%) 
Air System Fans 9,078 0.928 3.1 
Cooling 51,090 5.220 17.4 
Heating 56,663 5.789 19.3 
Pumps 6,106 0.624 2.1 
Cooling Tower Fans 0 0.000 0.0 

HVAC Sub-Total 122,938 12.560 42.0 
Lights 100,320 10.249 34.2 
Electric Equipment 60,536 6.185 20.7 
Misc. Electric 9,209 0.941 3.1 
Misc. Fuel Use 0 0.000 0.0 

Non-HVAC Sub- 170,064 17.375 58.0 
Total 

Grand Total 293,002 29.935 100.0 

Note: Cost per unit floor area is based on the gross building floor area. 

Gross Floor Area 9788.0 m2 

Conditioned Floor Area 9788.0 m2 
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8. JOR Annual Component Costs 

Air System Fans 13.2% 
10.3% Misc. Electric 

5.1 % Electric Equipment 

Cool ing 19_8%---

1. Ann ual Costs 
Percent of 

Annual Cost Total 
Component ($) ($/m2) (%) 
Air System Fans 46,998 5.755 13.2 
Cooling 70,518 8.635 19.8 
Heating 34,431 4.216 9.7 
Pumps 4,795 0.587 1.3 
Cooling Tower Fans 0 0.000 0_0 

HVAC Sub-Total 156,743 19.194 44.0 
Lights 109,387 13.395 30.7 
Electric Equipment 53,653 6.570 15.1 
Misc. Electric 36 ,655 4.489 10.3 
Misc. Fuel Use 0 0.000 0.0 

Non-HVAC Sub-
199,695 24.454 56.0 Total 

Grand Total 356,437 43.647 100.0 

Note: Cost per unit floor area is based on the gross building floor area . 

Gross Floor Area 8166.3 m2 

Conditioned Floor Area 8166.3 m2 
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9. LIB Annual Component Costs 

Air System Fans 5.5% 10.3% Misc. Electric 

Cooling 14.1% 

Heating 
Pumps U.4~~-~ 

--:S:'~.4% Electric Equipment 

1. Annual Costs 
Percent of 

Annual Cost Total 
Component ($) ($/m2) (%1 
Air System Fans 44 ,102 2.859 5.5 
Cooling 112,983 7.324 14.1 
Heating 19,851 1.287 2.5 
Pumps 3,474 0.225 0.4 
Cooling Tower Fans 0 0.000 0.0 

HVAC Sub-Total 180,410 11 .695 22.6 
Lights 277,778 18.006 34.7 
Electric Equipment 259,227 16.804 32.4 
Misc. Electric 82,581 5.353 10.3 
Misc. Fuel Use 0 0.000 0.0 

Non-HVAC Sub-
619,585 40.163 77.4 

Total 
Grand Total 799,994 51 .858 100.0 

Note: Cost per unit floor area is based on the gross building floor area. 

Gross Floor Area 15426.6 m2 
Conditioned Floor Area 15426.6 m2 
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10. POD Annual Component Costs 

Air System Fans 6. 1% 12.1% Misc. Electric 

--£~).::170 Electric Equipment 

Heating 9nO/~--

1 Annual Costs 
Percent of 

Annual Cost Total 
Component ($) ($/m2) (%) 
Air System Fans 33,852 2.522 6.1 
Cooling 82,277 6.130 14.8 
Heating 49,919 3.720 9.0 
Pumps 2,337 0.174 0.4 
Cooling Tower Fans 0 0.000 0.0 

HVAC Sub-Total 168,385 12.546 30 .3 
Lights 187,141 13.944 33.7 
Electric Equipment 132,617 9.881 23.9 
Misc. Electric 67,317 5.016 12.1 
Misc. Fuel Use 0 0.000 0.0 

Non-HVAC Sub-
387,076 28.841 69.7 Total 

Grand Total 555,460 41.387 100.0 

Note: Cost per unit floor area is based on the gross building floor area . 

Gross Floor Area 13421 .1 m2 

Conditioned Floor Area 13421.1 m2 

149 



.• """""'--------------------------- - ------------ - - --

11 & 12. EPH & SHE Annual Component Costs 

Ai r System Fans 7.6% 3.2% Misc. Electric 

22.2% Electric Equipment 

Cooling 1 

39.0% Lights 

1 Annual Costs 
Percent of 

Annual Cost Total 
Component ($) ($/m2) (%) 
Air System Fans 40,194 2.319 7.6 
Cooling 96,875 5.589 18.3 
Heating 46,725 2.696 8.8 
Pumps 4,082 0.236 0.8 
Cooling Tower Fans 0 0.000 0.0 

HVAC Sub-Total 187,876 10.838 35.6 
Lights 205,813 11.873 39.0 
Electric Equipment 117,211 6.762 22.2 
Misc. Electric 17,128 0.988 3.2 
Misc. Fuel Use 0 0.000 0.0 

Non-HVAC Sub-
340,151 19.623 64.4 

Total 
Grand Total 528,027 30.461 100.0 

Note: Cost per unit floor area is based on the gross building floor area. 

Gross Floor Area 17334.7 m2 

Conditioned Floor Area 17334.7 m2 
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13. SID Annual Component Costs 

5.6% Misc. Electric 
Air System Fans 11 .8% 

14.0% Electric Equipment 
Cooling 2.2% 

Heating 10.8U
/',--

1. Annual Costs 
Percent of 

Annual Cost Total 
Component {$) ($/m2) -(%) 
Air System Fans 5,712 1.978 11.8 
Cooling 1,060 0.367 2.2 
Heating 8,136 2.817 16.8 
Pumps 199 0.069 0.4 
Cooling Tower Fans 0 0.000 0.0 

HVAC Sub-Total 15,106 5.231 31.3 
Lights 23,735 8.219 49.2 
Electric Equipment 6,756 2.340 14.0 
Misc. Electric 2,687 0.930 5.6 
Misc. Fuel Use 0 0.000 0.0 

Non-HVAC Sub-
33,178 11.489 68.7 

Total 
Grand Total 48,284 16.721 100.0 

Note: Cost per unit floor area is based on the gross build ing floor area. 

Gross Floor Area 2887.7 m2 

Conditioned Floor Area 2887.7 m2 
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14. PIT Annual Component Costs 

Air System Fans 8.6% 13.1% Electric Equipment 

Cooling 21 

1. Annual Costs 
Percent of 

Annual Cost Total 
Component ($) ($/m2) (%) 
Air System Fans 5,014 2.315 8.6 
Cooling 12,474 5.760 21 .3 
Heating 12,510 5.776 21.4 
Pumps 3,267 1.509 5.6 
Cooling Tower Fans 0 0.000 0.0 

HVAC Sub-Total 33,265 15.359 56.9 
Lights 17,550 8.103 30.0 
Electric Equipment 7,685 3.548 13.1 
Misc. Electric 0 0.000 0.0 
Misc. Fuel Use 0 0.000 0.0 

Non-HVAC Sub-
25,235 11 .652 43.1 

Tota l 
Grand Total 58,500 27.011 100.0 

Note: Cost per unit floor area is based on the gross building floor area. 

Gross Floor Area 2165.8 m2 

Conditioned Floor Area 2165.8 m2 
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15. RCC Annual Component Costs 

Air System Fans 9.6% 

Cooling 31.3% Electric Equipment 

Heating 11.070-_ 

Pumps 
Cooling Tower Fans 1. 

36.7% Lights 

1. Annual Costs 

Annual Cost 
Component ($) ($/m2) 
Air System Fans 22,337 2.055 
Cooling 12,539 1.153 
Heating 27,403 2.521 
Pumps 9,261 0.852 
Cooling Tower Fans 2,852 0.262 

HVAC SUb-Total 74,393 6.843 
Lights 85,607 7.875 
Electric Equipment 73,040 6.719 
Misc. Electric 0 0.000 
Misc. Fuel Use 0 0.000 

Non-HVAC Sub-
158,647 14.593 

Total 
Grand Total 233,039 21.437 

Percent of 
Total 

(%) 
9.6 
5.4 

11.8 
4.0 
1.2 

31 .9 
36.7 
31 .3 

0.0 
0.0 

68.1 

100.0 

Note: Cost per unit floor area is based on the gross building floor area. 

Gross Floor Area 10871 .2 m2 

Conditioned Floor Area 10871 .2 m2 
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16. RBB Annual Component Costs 

Air System Fans 7 

23.5% Electric Equipment 

Cooling 15. 

Heating 1 

1 Annual Costs 
Percent of 

Annual Cost Tota l 
Component ($) ($/m2) (%) 
Air System Fans 42,189 2.520 7.0 
Cooling 94,435 5.641 15.7 
Heating 111 ,523 6.662 18.6 
Pumps 4,158 0.248 0.7 
Cooling Tower Fans 0 0.000 0.0 

HVAC Sub-Total 252,305 15.071 42.0 
Lights 207,055 12.368 34.5 
Electric Equipment 141 ,136 8.431 23.5 
Misc. Electric 0 0.000 0.0 
Misc. Fuel Use 0 0.000 0.0 

Non-HVAC Sub-
348,191 20.799 58.0 

Total 
Grand Total 600,496 35.870 100.0 

Note: Cost per unit floor area is based on the gross building floor area. 

Gross Floor Area 16740.7 m2 

Conditioned Floor Area 16740.7 m2 
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