
































































































 

© Deloitte & Touche LLP and affiliated entities. LEED Gold Certification Cost Analysis – Summary Report 

Appendix 2 –  
Phase 3 Supporting Analysis 



 

© Deloitte & Touche LLP and affiliated entities. LEED Gold Certification Cost Analysis – Summary Report 

Appendix 2A –  
Life Cycle Costing Analysis 



 

 
 
 
 
 
 
 
 
 
ALBERTA 
INFRASTRUCTURE 
 
 
 
 
Facilities LEED Study  
 
 
 
July 4, 2008 
 
 
 
 
 

Life Cycle Costing 



Alberta Infrastructure 
Facilities LEED Study – Life Cycle Costing 

July 4, 2008 

 
 
 

 
t:\ss\o\6-5436\LEED Certification Report – June, 08.doc 

1 

1.0 INTRODUCTION 

In late June 2008, Deloitte, BTY Group and Eco-Integration were retained by 
Alberta Infrastructure to undertake a Life Cycle Costing for three (3) social 
infrastructure projects as an extension of the “LEED Certification Cost 
Analysis” prepared in early June 2008.  The projects selected by Alberta 
Infrastructure were: 

• Chestermere Lake Elementary School (the “Elementary School 
Project”); 

• Dinosaur Provincial Park Visitor Centre and Tyrrell Field Station (the 
“Visitor Centre Project”); 

• Mount Royal College – Centre for Continuous Learning (the “College 
Project”). 

 The elementary school is under construction and the other two, the Tyrrell 
Field Station and the Mount Royal facility, have been completed and are 
currently occupied. 

 

2.0 EXECUTIVE SUMMARY 

BTY Group has estimated the 30-year Life-cycle cost premiums for LEED 
Silver and LEED Gold levels, compared with a “Non-LEED” baseline, as 
follows: 

PROJECT $ pay back $ pay back 
(years) (years)

- Chestermere Lake Elementary School   1,504,300 7    1,126,900 13

- Tyrrell Field Station        57,300 27           8,800 28

- Mount Royal College - 1,723,100 8 1,331,100 12

SILVER GOLD
COST SAVINGS

 

Notes: 

The detailed calculation of these figures is shown in the Appendices of this report.  

A 5% annual rate has been included for escalation and a 6% real discount rate has 
been used to calculate the present value of future cash flows. 
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3.0 METHODOLOGY 

This Life Cycle Cost analysis includes elements of capital costs, periodic 
replacement costs, maintenance and energy costs.   

The capital costs for three design scenarios namely Base Design, LEED 
Silver, and LEED Gold are extracted from the “LEED Certification Cost 
Analysis” prepared in early June 2008. 

The replacement costs are estimated based on the building system 
description for the three different designs prepared by the consultants during 
the early stage of this cost analysis. 

The yearly maintenance costs are estimated based on historical cost data of 
buildings of similar nature and size. 

The yearly energy costs are estimated based on the Energy Modeling 
prepared by the mechanical engineers in the early stage of the building 
design.   

An escalation rate of 5% has been included in the life cycle costing exercise 
to cover cost escalation over the assumed 30 years of building life.  

The Future Costs have been expressed in terms of Equivalent Cost by using 
a discounted cash flow method to allow Future Costs to be compared to 
Present Values in constant dollars for cost comparison purposes. In this 
particular cost analysis, a 6% real discount rate has been used to calculate 
the present value of future cash flows. 

An allowance of water supply charge of $5/m3 is included in the Life Cycle 
Cost calculation of the Tyrrell Station project.  We recommend a detailed cost 
estimate be carried out based on local site condition to verify this allowance. 

 

 



 

 
 
 

          APPENDIX 1  

-Chestermere Lake  
Elementary School 



Alberta Infrastructure Projects
Chestermere School

Order of Magnitude Estimate #1
July 4, 2008

LIFE CYCLE COST ANALYSIS

Element : Overall Building
Gross Floor Area:
Discount Rate: 6%
Escalation Rate: 5%
Life Cycle Period : 30 years

Estimated Present Estimated Present Estimated Present
Cost Worth Cost Worth Cost Worth

$ $ $ $ $ $
1.0 INITIAL COSTS

Construction Cost 10,594,600 10,594,600 10,594,600 10,594,600 10,594,600 10,594,600
Premium for LEED (Hard Cost) 0 0 265,000 265,000 731,000 731,000
Premium for LEED (Soft Cost) 0 0 190,000 190,000 190,000 190,000

TOTAL INITIAL COST (A) : $10,594,600 $11,049,600 $11,515,600
2.0 REPLACEMENT COSTS

Replacement cost over 30 years: 615,400 403,800 464,000

TOTAL REPLACEMENT COST (B) : $615,400 $403,800 $464,000
3.0 ANNUAL COSTS

Maintenance cost :
  -  yearly capital expenditure on 92,100 2,338,400 73,700 1,871,200 78,300 1,988,000
         maintenance
Operating cost :
  -  yearly energy cost (Gas & Electricity) 102,740 2,608,500 52,305 1,328,000 41,844 1,062,400

TOTAL ANNUAL COST (C) : $4,946,900 $3,199,200 $3,050,400
4.0 SUMMARY

Total Life Cycle Cost (A+B+C) ($) $16,156,900 $14,652,600 $15,030,000
Variance ($) (LEED - Base) base ($1,504,300) ($1,126,900)
Pay back (years) 7 13

Base Design LEED Silver LEED Gold

4,188 m²



 

 
 
 

 APPENDIX 2 

-Dinosaur Provincial Park  
Visitor Centre and 

Tyrrell Field Station



Alberta Infrastructure Projects
Tyrrell Field Station 

Order of Magnitude Estimate #1
July 4, 2008

LIFE CYCLE COST ANALYSIS

Element : Overall Building
Gross Floor Area:
Discount Rate: 6%
Escalation Rate: 5%
Life Cycle Period : 30 years

Estimated Present Estimated Present Estimated Present
Cost Worth Cost Worth Cost Worth

$ $ $ $ $ $
1.0 INITIAL COSTS

Construction Cost 1,227,200 1,227,200 1,227,200 1,227,200 1,227,200 1,227,200
Premium for LEED (Hard Cost) 0 0 65,000 65,000 119,000 119,000
Premium for LEED (Soft Cost) 0 0 151,000 151,000 151,000 151,000

TOTAL INITIAL COST (A) : $1,227,200 $1,443,200 $1,497,200
2.0 REPLACEMENT COSTS

Replacement cost over 30 years: 129,400 72,900 83,400

TOTAL REPLACEMENT COST (B) : $129,400 $72,900 $83,400
3.0 ANNUAL COSTS

Maintenance cost :
  -  yearly capital expenditure on 11,000 279,300 8,800 223,400 8,800 223,400
         maintenance
Operating cost :
  -  yearly energy cost (Gas & Electricity) 10,452 6,925 6,295
  -  yearly water cost (based on $5/m³) 5,223 2,415 2,415

TOTAL ANNUAL COST (C) : $677,300 $460,500 $444,500
4.0 SUMMARY

Total Life Cycle Cost (A+B+C) ($) $2,033,900 $1,976,600 $2,025,100
Variance ($) (LEED - Base) base ($57,300) ($8,800)
Pay back (years) 27 28

500 m²

398,000 237,100 221,100

Base Design LEED Silver LEED Gold



 

 
 
 

 APPENDIX 3  

-Mount Royal College for 
Continuous Learning 



Alberta Infrastructure Projects
Mount Royal College Centre for Continuous

Order of Magnitude Estimate #1
July 4, 2008

LIFE CYCLE COST ANALYSIS

Element : Overall Building
Gross Floor Area:
Discount Rate: 6%
Escalation Rate: 5%
Life Cycle Period : 30 years

Estimated Present Estimated Present Estimated Present
Cost Worth Cost Worth Cost Worth

$ $ $ $ $ $
1.0 INITIAL COSTS

Construction Cost 14,014,964 14,014,964 14,014,964 14,014,964 14,014,964 14,014,964
Premium for LEED (Hard Cost) 0 0 400,000 400,000 750,000 750,000
Premium for LEED (Soft Cost) 0 0 232,000 232,000 232,000 232,000

TOTAL INITIAL COST (A) : $14,014,964 $14,646,964 $14,996,964
2.0 REPLACEMENT COSTS

Replacement cost over 30 years: 737,800 464,100 636,300

TOTAL REPLACEMENT COST (B) : $737,800 $464,100 $636,300
3.0 ANNUAL COSTS

Maintenance cost :
  -  yearly capital expenditure on 111,700 2,836,000 89,400 2,269,800 94,900 2,409,500
         maintenance
Operating cost :
  -  yearly energy cost (Gas & Electricity) 141,155 3,583,900 81,476 2,068,700 70,849 1,798,800

TOTAL ANNUAL COST (C) : $6,419,900 $4,338,500 $4,208,300
4.0 SUMMARY

Total Life Cycle Cost (A+B+C) ($) $21,172,664 $19,449,564 $19,841,564
Variance ($) (LEED - Base) base ($1,723,100) ($1,331,100)
Pay back (years) 8 12

Base Design LEED Silver LEED Gold

5,078 m²



 

© Deloitte & Touche LLP and affiliated entities. LEED Gold Certification Cost Analysis – Summary Report 

Appendix 2B –  
Water Consumption Analysis 
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Report on Process for Phase 3        June 30, 2008 
LEED Gold Certification Cost Analysis 
 
For the Phase 3 LEED Gold Certification Cost Analysis the following environmental areas were 
addressed for each of the 3 case study buildings; Chestermere Lake Elementary School, Dinosaur 
Provincial Park Visitor Centre and Tyrrell Field Station, and Mount Royal College Centre for 
Continuous Learning: 

1. Water Consumption  
2. Energy Consumption and Green House Gas Emissions  

 
In our analysis of each of these areas we compared back to our previously identified project 
descriptions:  

• Baseline: what would the project brief have been if there was no LEED requirement 
• Silver LEED: what strategies were undertaken for the project and what possible 36 points 

would have been targeted for LEED Silver (in some of the project cases this meant 
eliminating strategies to bring the projects back to LEED silver) 

• Gold LEED: what strategies were undertaken for the project and what possible 42 points 
(or close) would have been targeted for LEED Gold 

 
1. WATER CONSUMPTION 
 
Chestermere Lake Elementary School 
Irrigation: The Catholic School Board have a policy not to provide any irrigation on school 
grounds therefore the potable water use for irrigation is zero. 
 
Building Use: Quinn Young provided us with the LEED Calculation Template for building use 
(LEED; Water Efficiency Credit 3). Since this project is not yet certified, this information is an 
estimate of the LEED credits to be obtained to achieve the LEED Silver Certification required. The 
calculations show that there would be a 35.16% savings in water compared to the LEED Baseline. 
This results in achievement of 2 LEED credits; as reflected in the LEED Cost Analysis document 
forming part of Phase 2 (attached again for your information). For this study however we are not 
comparing to the LEED Baseline but to the Baseline described above.  
Therefore our analysis below includes the estimated water consumption for the building to achieve 
the targeted LEED certification, estimated water consumption to only meet the defined baseline 
and to achieve LEED Gold. The following summary indicates no. of occupants, total annual water 
consumption and savings in water consumption. 
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Chestermere School 

  Water Consumption (irrigation) 
  Baseline Silver Gold 
Total water use 
(litres) 

No water used for 
irrigation 0 0 

    

  Water Consumption (building level) 

Total Occupants 
= 370 Baseline 

Silver  
(Actual specified) Gold 

Description 

medium flow 
fixtures for showers 
and faucets 
low flow (6 litre) 
toilets for kids 
conventional urinals 
with sensor flush 
dual flush toilets for 
staff 

in addition to base 
line: 
sensors on kids low 
flow toilets 
low flow urinals with 
sensor flush 
sensors + aerator 
to further reduce 
flow on faucets 

In addition to base 
line: 
low flow showers 
ultra low flow kids 
toilets (or dual 
flush) 

Total Annual 
Volume (litres) 1,269,270 1,136,270 856,590 
    

Total water 
consumption for 
Irrigation 0 0 0 

Total water 
consumption for 
Building Use 1,269,270 1,136,270 856,590 

Grand Total 
(Irrigation + 
Building Use 1,269,270 1,136,270 856,590 

Water Savings 
Compared to 
Defined 
Baseline 
(Annual L) 

0 133,000 412,680 
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Mount Royal College Centre for Continuous Learning 
Irrigation: The College provide irrigation for landscaping, therefore part of the design strategies 
for this building was to reduce potable water for irrigation, hence a stormwater storage tank was 
installed to use for irrigation in the summer months and for toilet flushing year round. For our 
analysis Stantec provided an estimate of water required for landscaping for the planting chosen.  
 
Building Use: Stantec provided us with the LEED Calculation Template for building use (LEED; 
Water Efficiency Credit 3). This project is certified Gold, however this information is an estimate 
showing an 84.09% savings in water compared to the LEED Baseline. This results in achievement 
of 2 LEED credits + 1 innovation credit; as reflected in the LEED Cost Analysis document forming 
part of Phase 2 (attached again for your information). For this study however we are not 
comparing to the LEED Baseline but to the Baseline described above.  
Therefore our analysis below includes the estimated water consumption for the building to achieve 
the actual LEED Gold certification, estimated water consumption to only meet the defined baseline 
and to achieve LEED Silver. The summary indicates no. of occupants, total annual water 
consumption and savings in water consumption. 
  

Mount Royal College 

  Water Consumption (irrigation) 
  Baseline Silver Gold 

 Description 

landscaping options 
that would require 
more irrigation 

would likely achieve 
50% reduction in 
water for irrigation 
with the choice of 
planting even if a 
cistern has not been 
provided 
(Landscape 
architect advised 
that water 
consumption was 
probably only 
reduced 25% from 
baseline with 
planting choices) 

native and 
adaptive, drought 
tolerant planting 
used, minimum 
irrigation provided 
by cistern collection 
of rainwater 

Total water use 
(litres) 262,500 210,000 

Zero potable water 
used for irrigation 
(cistern collects 
rainwater for 
irrigation) 

 
    
  Water Consumption (building level) 
Total Occupants 
= 210 Baseline 

Silver  
(Actual specified) Gold 
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Description 

standard flow 
fixtures for showers, 
faucets and urinals 
low flow toilets not 
dual flush 

would probably still 
achieve if dual flush 
toilets and low flow 
fixtures -  
delete cistern 

Dual flush toilets 
waterless urinals 
low flow fixtures  
rainwater stored in 
cistern to flush 
toilets 

Total Annual 
Volume (litres) 914,934 697,921 215,678 
    
Total water 
consumption for 
Irrigation 262,500 210,000 0 
Total water 
consumption for 
Building Use 914,934 697,921 215,678 
Grand Total 
(Irrigation + 
Building Use 1,177,434 907,921 215,678 
Water Savings 
Compared to 
Defined 
Baseline 
(Annual 
Litres) 0 269,513 961,756 
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Dinosaur Provincial Park Visitor Centre and Tyrrell Field Station 
Irrigation: Water conservation was critical for this arid, dry site, therefore the baseline was set at 
no water (potable or stored) for irrigation. 
 
Building Use: Designworks Architecture provided us with the LEED Calculation Template for 
building use (LEED; Water Efficiency Credit 3). This project is certified Gold, however this 
information is an estimate showing a 53.77% savings in water compared to the LEED Baseline. 
This results in achievement of 2 LEED credits + 1 innovation credit; as reflected in the LEED Cost 
Analysis document forming part of Phase 2 (attached again for your information). For this study 
however we are not comparing to the LEED Baseline but to the Baseline described above.  
Therefore our analysis below includes the estimated water consumption for the building to achieve 
the actual LEED Gold certification, estimated water consumption to only meet the defined baseline 
and to achieve LEED Silver. The summary indicates no. of occupants, total annual water 
consumption and savings in water consumption.  
 

Dinosaur Provincial Park 
  Water Consumption (irrigation) 
  Baseline Silver Gold 
        
Total water use 
(litres) 

No water for 
irrigation used 0 0 

    
Total Occupants 
= 116 (based 
on a visitor 
count) Water Consumption (building level) 

  Baseline 
Silver  

(Actual specified) Gold 
        

Description 

Water conservation 
was important for 
this site as arid, dry 
area  
 
installed dual flush 
for existing retrofit 
-no waterless urinals 
-did not add flow 
restrictors for 
existing  

For LEED Silver 
(revised scorecard) 
keep strategies as 
baseline 
 
  

In Addition to 
baseline:  
add aerators to 
restrict flow to 
1.9gpm on existing 
fixtures 
Retrofit Waterless. 
urinals in existing  
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Total Annual 
Volume (litres) 749,109 749,109 483,005 

Water Savings 
Compared to 
Defined Baseline 
(Annual Litres) 0 0 266,104 
    
Total water 
consumption for 
Irrigation 0 0 0 
Total water 
consumption for 
Building Use 749,109 749,109 483,005 
Grand Total 
(Irrigation + 
Building Use 749,109 749,109 483,005 
Water Savings 
Compared to 
Defined 
Baseline 
(Annual 
Litres) 0 0 266,104 
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2.0  ENERGY CONSUMPTION and GHG 
Energy modeling reports were provided by the design teams for each of the three case studies and 
these numbers have been used in the following analysis. The modeling results in the energy design 
reports are for the reference building (as defined by MNECB), and the proposed building (designed 
and outlined in the LEED Cost Analysis document). Energy modeling has not been done for our 
defined baseline, and a variety of LEED levels. We have therefore estimated the energy 
consumption based on number of assumed points for various levels of LEED. From these numbers 
we have then estimated the GHG emission savings for LEED Gold and LEED Silver compared to our 
defined baseline levels. 
 
The attached spreadsheet is a summary of these results. 
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Appendix 2C –  
Energy Consumption Analysis 



Area = 4188sq m Baseline
Silver 

(Actual specified) Gold

% Consumption 
Savings (energy 

modeled bldg 
compared to LEED 

Ref bldg)
LEED Reference 
bldg

Description
See Cost Analysis LEED 
Scorecard 

See Cost Analysis 
LEED Scorecard 

See Cost Analysis 
LEED Scorecard 

Estimated based on 
15% better than 
MNECB ie LEED 
prerequisite is not 
achieved*

Estimated based on a 
merged 40% better 
than MNECB* 
ie achieved 4-5 points

Estimated based on 
50% better than 
MNECB*ie achieved 6-
7 points
Note these are 
modeled numbers - 
7 points were 
modeled (55% 
better than MNECB) 

Energy 
Consumption - 
Electricity (MJ)

1,193,400 967,980 835,000 37% 1,326,000

Energy 
Consumption - 
Natural Gas (MJ)

4,165,091 2,689,200 2,010,000 60% 4,980,000

Total 5,358,491 3,657,180 2,845,000 55% 6,306,000

Energy Savings: 
Electricity MJ 
(compared to 
Defined Baseline)

0 225,420 358,400

Chestermere School

ENERGY CONSUMPTION

Energy Consumption 



GHG Savings : 
Electricity tonnes 
of CO2 (compared 
to Defined 
baseline)

0 62 99

Energy Savings; 
Natural Gas MJ 
(compared to 
Defined Baseline)

0 1,475,891 2,155,091

GHG Savings: 
Natural Gas tonnes 
of CO2 (compared 
to Defined 
baseline)

0 73 106

TOTAL GHG 
Savings
tonnes of CO2 
(compared to 
Defined Baseline)

0 135 206

Tonnes of 
CO2/sqm savings 
compared to 
defined baseline

0.032 0.049

NOTE * these numbers are estimates only based on % better than the modeled reference building. 
Modeling of the actual systems proposed would need to be done to verify these estimated numbers



Area of Building = 
5078sqm Baseline

Silver Gold (Actual 
Certified)

Consumption 
Savings (compared 
to LEED Ref bldg)

LEED Reference 
bldg

Description
See Cost Analysis LEED 
Scorecard 

See Cost Analysis 
LEED Scorecard 

See Cost Analysis 
LEED Scorecard 

Estimated based on a 
merged 15% better 
than MNECB ie did not 
achieve LEED 
prerequisite*

Estimated based on a 
merged 40% better 
than MNECB* 
ie achieved 4-5 points

Estimated based on a 
merged 50% better 
than MNECB* 
ie achieved 6-7 points
Note these are 
modeled numbers - 
8 points were 
achieved (57% 
better than MNECB)

Energy 
Consumption - 
Electricity (MJ)

3,146,057 2,416,982 1,987,763 44% 3,554,385

Energy 
Consumption - 
Natural Gas (MJ)

6,264,734 3,980,181 2,807,334 63% 7,509,776

Total 9,410,791 6,397,163 4,795,097 57% 11,064,161

Energy Savings: 
Electricity MJ 
(compared to 
Defined Baseline)

0 729,075 1,158,294

GHG Savings : 
Electricity tonnes 
of CO2 (compared 
to Defined 
baseline)

0 202 321

Mount Royal College

Energy Consumption 



Energy Savings; 
Natural Gas MJ 
(compared to 
Defined Baseline)

0 2,284,553 3,457,400

GHG Savings: 
Natural Gas tonnes 
of CO2  (compared 
to Defined 
baseline)

0 113 171

TOTAL GHG 
Savings
tonnes of CO2  
(compared to 
Defined Baseline)

0 315 492

Tonnes of 
CO2/sqm savings 
compared to 
defined baseline

0.062 0.097

NOTE * these numbers are estimates only based on % better than the modeled reference building. 
Modeling of the actual systems proposed would need to be done to verify these estimated numbers



Area of new 
extension + 
existing  = 
500sqm + 850sqm 
(confirm that 
modeling was for 
whole building Baseline

Silver Gold (Actual 
Certified)

Consumption 
Savings (compared 
to LEED Ref bldg)

LEED Reference 
bldg

Description
See Cost Analysis LEED 
Scorecard 

See Cost Analysis 
LEED Scorecard 

See Cost Analysis 
LEED Scorecard 

Estimated based on a 
merged 15% better 
than MNECB*
ie did not achieve LEED 
prerequisite

Estimated based on a 
merged 40% better 
than MNECB* 
ie achieved 4-5 points

Note these are 
modeled numbers - 
4 points were 
achieved (38% 
better than MNECB)

Estimated based on a 
merged 50% better 
than MNECB* 
ie achieved 6-7 points

Energy 
Consumption - 
Electricity (MJ)

                    203,895 204,786 206,765 -0.73%
203,309

Energy 
Consumption - 
Natural Gas (MJ) 478,443 291,828 180,605

52%
602,015

Total Energy                     682,338 496,614 387,370 38% 805,324

Energy Savings: 
Electricity MJ 
(compared to 
Defined Baseline)

0 -891 -2,870

Dinosaur Provincial Park

Energy Consumption 



GHG Savings : 
Electricity tonnes 
of CO2 (compared 
to Defined 
baseline)

0 -0.25 -0.80

Energy Savings; 
Natural Gas MJ 
(compared to 
Defined Baseline)

0 186,615 297,839

GHG Savings: 
Natural Gas tonnes 
of CO2  (compared 
to Defined 
baseline)

0 9 15

TOTAL GHG 
Savings
tonnes of CO2  
(compared to 
Defined Baseline)

0 9 14

Tonnes of 
CO2/sqm savings 
compared to 
defined baseline
assume 1350sqm 
total area of new 
and existing 0.007 0.010

GHG Emissions 
Electricity (coal 
fired generation) 1000 tons /GWh 277x10-6tonnes/MJ
Natural Gas 0.0494tonnes/GJ 49.4x10-6tonnes/MJ

References for GHG

NOTE * these numbers are estimates only based on % better than the modeled reference building. 
Modeling of the actual systems proposed would need to be done to verify these estimated numbers



Environment Canada
(http://www.ec.gc.ca/pdb/ghg/inventory_report/2004_report/ann13_e.cfm#sa13_6_2)

Environment Canada: NATIONAL INVENTORY REPORT, 1990-2005: GREENHOUSE GAS 
SOURCES AND SINKS IN CANADA
Alberta: 1000tons of CO2/GWH
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Appendix 2D –  
Report 

‘Greening the Building and the Bottom Line’ 

Rocky Mountain Institute (1998) 





































 

© Deloitte & Touche LLP and affiliated entities. LEED Gold Certification Cost Analysis – Summary Report 

Appendix 2E –  
Sustainable Building Case Studies 
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 Sustainability  
High Performance Buildings deliver 

Better Learning Environments 
 

They also help teachers and staff perform better. 
They can reduce operating expenses. 

Look at some interesting case studies to see how! 
  

Indoor Air Quality (IAQ) 
  
According to the U.S. General Accounting Office, 50% of schools suffer from IAQ problems (EPA 
1998). Singer et al. (1997) report: "... at least 19 percent of U.S. school districts reported 
unsatisfactory or very unsatisfactory IAQ. Surveys have reported that at least 20 to 25 percent of 
schools have inadequate heating, ventilating and air conditioning ... a school that fails to take 
actions consistent with existing IAQ guidelines and standards runs the risk that it will be found 
liable for negligence. The risk is significant because, under negligence theory, a school 
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board's liability is not limited to the costs of remedying the IAQ problem; the board also 
faces the threat of actual and punitive damages."

A Scoping Study on the Costs of Indoor Air Quality Illnesses: An Insurance Loss Reduction Perspective, Allan Chen and 
Edward L. Vine LBNL 41919 

Indoor air problems can have consequences such as:  

• increasing acute and chronic health problems for students and staff; such as cough, eye 
irritation, headache, asthma episodes, allergic reactions, and possibly life-threatening 
conditions such as severe asthma attacks or carbon monoxide poisoning  

• spreading airborne infectious disease  
• reducing productivity and increasing discomfort, sickness and absenteeism for students 

and staff  
• increasing the likelihood that the school or portion of the school will have to be closed and 

occupants relocated  
• producing negative publicity which could damage the school's reputation and 

effectiveness presenting potential liability problems 

In an era of high education expectations but tight school budgets 
solving IAQ problems can be challenging. 

Here's one solution: 
In the EPA' s recently published IAQ Tools for Schools guide it is stated 
that, "Good indoor air quality contributes to a favorable learning 
environment for students, productivity for teachers and staff, and a sense 
of comfort, health, and well-being. These elements combine to assist a 
school in its core mission -- educating children". 

 

 

IAQ Tools for Schools Action Kit shows schools how to carry out a practical plan of action to 
improve indoor air quality at little or no cost using common-sense activities and in-house staff. The 
Kit provides simple-to-follow checklists, background information, sample memos and policies, and 
a recommended IAQ Management Plan. 

http://www.epa.gov/iaq/schools/toolkit.html 

What are High Performance Building Strategies? 
Case Studies show the following are some of the strategies that can make buildings healthy, 
comfortable and productive:  

• daylighting  
• properly commissioned and maintained HVAC systems  
• narrow floor plans to optimize natural daylight  
• high benefit lighting upgrades  
• under floor air distribution and displacement ventilation  
• occupant control of heat, light and air  
• operable windows and mixed mode HVAC 

What Improvements Do They Provide? 
Case Studies show the following benefits of High Performance Building strategies:  

• office productivity increases up to 16%  
• absenteeism reductions to 40%  
• increased market value up to 100%  
• ROI up to 1000%  
• up to 90% decreased energy costs  
• up to 73% decreased O&M costs  
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• reduction in liability insurance and workers comp cases  
• up to 40% increased retail sales  
• up to 26% increased learning rates 

Here is why High Performance Building makes good financial sense. 
Looking at annual operating expenses for commercial space, on a dollar per square foot basis, 
salaries are by far the largest item, followed by rent. Maintenance and energy costs are relatively 
insignificant. A one percent savings in salaries -- or a one percent productivity improvement -- of 
$2.00/s.f./year, exceeds either energy or maintenance costs. 

 

This can also apply to educational facilities. 
  

Indoor Air Quality Case Studies 
Elizabethtown College, 
Pennsylvania 
A 185-acre campus in Lancaster County, 
Pennsylvania, with 1,524 undergraduate 
students from 20 states and 17 foreign 
countries. Eighty-seven percent live on 
campus and 63% have on-campus jobs. 

 

 

The primary technical solutions for campus improvements included major retrofits and 
replacement of mechanical equipment, improvements in comfort control, lighting system upgrades 
and modifications, a technical support program, and the installation of a building automation 
system. 
Benefits of the performance contract were:  

• guaranteed savings of $267,000 per year. Total program savings to top $2.8 million in 10 
years.  

• improved comfort and satisfaction  
• cut temperature-related complaint calls by 75%  
• reduced deferred maintenance by 25%  
• cut repair budget by 15% 

The students and faculty really notice it, said Larry Bekelja, Director of Plant 
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Operations. We have all become totally engaged in the educational process to 
enhance the learning environment. As a result, we have many more students 
seeking the 'full college experience' here on campus. 

  
Hastings Public School District, 
Hastings, Nebraska 
The Hastings Public School 
District serves almost 3,500 
students in nine buildings totaling 
more than 500,000 square feet.  

Solutions implemented were a 
$2.1 million performance contract 
that included a lighting retrofit, 
installation of a Facility 
Management System (FMS) and 
other equipment improvements. 

 

 

Benefits of the performance contract were: 
• significantly improved classroom comfort levels of temperature and indoor air quality  
• implemented project without raising the tax levy, using existing funding options and 

monies saved from energy efficiencies  
• reduced first year utility expenses by $168,399, exceeding projected savings by $80,634; 

these resources were reinvested in the education process  
• achieved a 5 percent decrease in liability insurance  
• experienced operational savings of $85,014 

http://www.johnsoncontrols.com/cg-cases/cs_Hastings.htm 

  
Beyond Healthy Interior Environments, 

can the Classroom Itself Improve the Quality of Education? 
Consider these 

  

Daylighting Case Studies 
A study by the Heschong Mahone Group for Pacific Gas and 
Electric, published August 20, 1999, analyzed test score 
results for over 21,000 students in three school districts in 
California, Washington and Colorado. 
Capistrano Unified School District, 
Orange County, California 

• Classrooms with the most daylight had a 20% to 
26% faster learning rate  

• Classrooms with the most window area had a 15% 
to 23% faster learning rate  

• Classrooms with diffusing skylights had a 19% to 
20% faster rate  

• Classrooms with non-diffusing skylights (causing 
patches of light and glare) had a 21% decrease for 
reading tests and no significant results for math tests 

• Classrooms with operable windows had 7% to 8% 
faster improvement compared to classrooms with 
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fixed windows 

 

 

  
Seattle Public School District, Seattle, Washington 

• Students in classrooms with largest window area or the most daylight tested 9% to 
15% higher than those with the least window area or daylighting  

• Students in skylit classrooms tested 6% to 7% higher 

Poudre School District, Fort Collins, Colorado 
• Results showed a 7% improvement in test scores in classrooms with the most 

daylighting  
• Results also showed a 14% to 18% improvement for students in classrooms with the 

largest window areas  
• There was a 3% effect for classrooms with roof top monitors for math scores but with no 

significant effect on reading scores 

Heshong Mahone Group. Daylighting In Schools. August 20, 1999. http://www.h-m-g.com/ 
http://www.pge.com/003_save_energy/003c_edu_train/pec/daylight/daylight.shtml 

Daylit Schools 
Johnson County, North Carolina 

Michael Nicklas and Gary B. Bailey of 
Innovative Design in Raleigh, North Carolina, 
prepared two papers, 'Energy Performance of 
Daylit Schools in North Carolina' and 'Analysis 
of the Performance of Students in Daylit 
Schools.'  

The following conclusions are taken from 
those studies. 

 

All three schools are designed with overhead 
daylighting in all classroom and assembly spaces. 
They are more energy efficient than other County 
schools, as shown by the graph of 'Annual Energy 
Costs/s.f.' to the right, and as shown below in the 
table of Annual Energy Savings. 
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  $/s.f./yr savings school s.f. annual savings 

Clayton Middle 
Slema Middle 
Four Oaks K-5 

$0.28 
$0.22 
$.40 

120,000 
98,000 
120,000 

$ 33,600 
$ 21,560 
$ 48,000 

Table of Annual Energy Savings 

Further, square foot construction costs for the three schools were actually lower than other County 
schools. The three, built between 1990-1992, had an average cost of $64.06 per square foot. 
Eleven other County schools, built between 1992-1995, had an average construction cost of 
$82.88 per square foot. 
Studies of improvement in student test scores indicated relative improvement of 10% to 17% for 
the three schools when compared to the County average improvement in test score, as shown in 
the chart below. 

 

It is significant to note that another new, non-daylit school, constructed in the same time period, 
actually exhibited negative test score improvement compared to the County norm. 

www.innovativedesign.net/index.htm 

 

 

With questions, contact Peter Dobrovolny:
peter.dobrovolny@seattle.gov or 206.615.1094.
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