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EXECUTIVE SUMMARY “LUNGS OF THE CITY”

The Greater Vancouver Regional District (GVRD) is developing both incentive based and
disincentive-based programs to reduce emissions of building related greenhouse gases in
existing buildings. These programs are intended as part of Canada’s effort to comply with the
Kyoto Agreement on climate change. A cursory evaluation undertaken by Theodor Sterling
Associates (TSA) Ltd. and Earth Tech (Canada) Inc. on the net effect of commercial buildings on
both greenhouse gases and common urban pollutant concentrations in Vancouver showed a net
positive effect, ranging from a 10% removal efficiency for particulates to 350% for carbon
monoxide and oxides of nitrogen. The cursory evaluation assumed that buildings both emit
greenhouse gases and common urban pollutants from combustion sources, such as building
boiler systems, and remove greenhouse gases and common urban pollutants through active
filtration by the HVAC system and natural deposition and absorption by building materials.

Air pollution emissions of concern to the GVRD can be grouped into two distinct categories;
Urban Air Pollutants (UAP’s) and Greenhouse Gasses.

As defined by GVRD, UAP's include carbon monoxide (CO), volatile organic compounds
(VOC's), nitrogen oxides (NOX), sulphur oxides (SOX), and particulate matter. Greenhouse
Gasses consist primarily of carbon dioxide (CO2). While there is little disagreement as to the
negative health and environmental impact of the host of Urban Air Pollutants, the impact of
Greenhouse Gasses is not as clearly defined and is the subject of considerable and significant
scientific controversy with respect to the predicted global warming effect and related economic
costs and benefits associated with the Kyoto Agreement.

Urban Air Pollutants are the root components of smog and according to GVRD “can damage
lungs of the young and the old. For people with asthma, smog can worsen the attack. It can raise
risks of getting respiratory diseases, such as bronchitis, and raise the risk of developing certain
types of cancer.”

Of Urban Air Pollutants, fine (i.e. very small) particulates are of most concern to the GVRD.
Inhaling these fine particulates can exacerbate respiratory illness. Trace elements and
hydrocarbon compounds found in the particulate can have adverse effects on human health. As
well, fine particulates scatter light in the atmosphere and reduce visibility.

A recent study conducted by respirologists at St. Paul's Hospital in Vancouver and the University
of B.C., published in the “American Journal of the College of Cardiology” concluded that
exposure to particulates in urban air causes vascular changes that contribute to cardiovascular
morbidity and mortality. The researchers recommended that with the accumulating evidence of
the effects of particulate pollutants on the cardiovascular system, it would be wise for people to
wear masks to filter out fine particulates on high pollution days.

As part of their Air Quality Management Plan (AQMP), the GVRD has set Smog and Fine
Particulate Matter at the top of the list as the first Priority and determined that emission control
and reduction measures are required as soon as possible. In comparison, for Greenhouse
Gasses, the GVRD Air Quality Management Plan sets a lower priority ranking and recommends
additional study before emission reduction measures are implemented.
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According to GVRD statistics, 301,000 tonnes of Urban Air Pollutants and 15,334,000 tonnes of
Greenhouse Gasses are pumped into the atmosphere in Greater Vancouver annually. More
specifically: 191,000 tonnes of CO, 48,000 tonnes of VOC's, 42,000 tonnes of NOX, 4,000
tonnes of SOX, and 16,000 tonnes of particulate matter. Almost 75% of this pollution was
produced by motor vehicles.

This BOMA B.C. sponsored “Lungs of the City” pilot study now provides a reasonable starting
point for benchmark data to estimate the impact (i.e. the relative contribution or cleaning effect)
of commercial and institutional buildings to air quality in the GVRD for both Urban Air Pollutants
and Greenhouse Gasses.

For the pilot study, a typical office building was selected as reasonably representative of the
100,000,000 square feet of commercial and institutional buildings in the GVRD. The total impact
of selected Urban Air Pollutants and Greenhouse Gasses was measure for this typical building
and the results were used as the basis to estimate the impact of commercial and institutional
buildings on air quality of the GVRD.

With respect to Greenhouse Gasses (i.e. CO2) associated with global warming, buildings were
found to be a minor contributor to the overall pollution load in the GVRD, accounting for only 15%
of emissions.

With respect to the higher priority Urban Air Pollutants, the study measured CO, NOX, and fine
particulate matter. Based on these results, buildings contribute only .01% of the total emissions
of CO and 14% of the NOX emissions in the GVRD, confirming commercial and institutional
buildings as minor sources in comparison to motor vehicles. However for fine particulates, which
are the greater health concern of the GVRD, commercial and institutional buildings were found to
provide a significant cleaning effect for the Greater Vancouver air basin, filtering out and
removing an estimated 10 tonnes of harmful fine particulates annually.
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1.0 INTRODUCTION

The Greater Vancouver Regional District (GVRD) is developing both incentive based and
disincentive based programs to reduce emissions of building related greenhouse gases in
existing buildings. These programs are intended as part of Canada's effort to comply with the
Kyoto Agreement on climate change. A cursory evaluation undertaken by Theodor Sterling
Associates (TSA) Ltd. and Earth Tech (Canada) Inc. on the net effect of commercial buildings on
both greenhouse gases and common urban pollutant concentrations in Vancouver showed a net
positive effect, ranging from a 10% removal efficiency for particulates to 350% for carbon
monoxide and oxides of nitrogen. The cursory evaluation assumed that buildings both emit
greenhouse gases and common urban pollutants from combustion sources, such as building
boiler systems, and remove greenhouse gases and common urban pollutants through active
filtration by the HVAC system and natural deposition and absorption by building materials.

Based on the results of the cursory evaluation, TSA Ltd. was requested by Paul LaBranche,
Executive Director with BOMA B.C., to undertake real world measurements to confirm the
removal effect of commercial buildings on both greenhouse gases and common urban pollutants.

This project is entitled “Lungs of the City” and site measurements were collected on January 18,
2002.

The building to be included in this project was required to have a central ventilation system and
its own boiler system (independent of the downtown Vancouver central steam system). The
Morguard Investments Limited building at 1500 West Georgia Street in Vancouver was selected
for the “Lungs of the City” project as it met the noted criteria.

1500 West Georgia Street is a 20-floor commercial office building with two Cleaver Brooks
boilers located on the top mechanical floor. Each boiler has a maximum input of 5,000,000 BTU.
Individual HVAC units on each floor provide ventilation from a separate mechanical room.
Outside air is introduced to each individual HVAC unit via an intake on the side of the building
(one intake for each floor). A relief air vent is also located on each floor.

2.0 SCOPE OF WORK

To evaluate if commercial buildings actually do act as “Lungs of the City”, the following common
urban pollutants were evaluated:

e Carbon monoxide

e Carbon dioxide

e Oxides of nitrogen

e Respirable suspended particulate (RSP)

These parameters were measured in the outdoor air, inside the building and in the air exhausted
by the boilers. Airflow volumes were calculated for the HVAC system and for the boiler exhaust
stacks.
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Measured concentrations of these parameters were then used with airflow volumes to calculate
the amount (in kilograms) introduced or exhausted over period of one year. Estimates of boiler
operating rates and ventilation system ‘settings were derived from discussions with building
operators.

For outside air and building air measurements, the following instrumentation was used:
e Carbon monoxide — Biosystem Toxi Ultra

e Carbon dioxide — TSI Q-Trak Model 8550

e Oxides of nitrogen — Gastec colourimetric detector tubes (tube 11L)

o Respirable suspended particulate (RSP)

For stack testing, Enbridge Business Services were utilized to conduct the following
measurements:

1. Continuous sampling of flue gases for carbon monoxide and oxides of nitrogen

2. Continuous calculation of carbon dioxide
3.0 RESULTS

Ventilation System

Using the design specifications for the building, the following air volumes are delivered by the
various air-handling units.

Floors 2, 3, 18, 19 and 20 — 7960 cubic feet per minute (cfm) for each unit
Floors 4 to 17 — 13300 cfm for each unit

Based on these figures, a total of 226,000 cfm is supplied to the building at 1500 West Georgia
Street. Permitting for a 10% loss due to age of system and pressure loss from filter loading, etc.,
a working flow rate of 203,400 cfm was calculated.

Based on operating 12 hours per day for 6 days a week, the total air supplied to the building over
a one-year period was estimated to be 45.7 billion cubic feet (ft3).

Discussions with building maintenance personnel of 1500 West Georgia deduced that the
ventilation system provides approximately 32.5% outside air during the heating and cooling
months (8 months of year). In the spring and fall, the system typically operates at a much higher
outdoor air rate that is estimated to be 75% (4 months of the year).

Based on these estimations, a total of 21.3 billion ft3 of outdoor air is supplied to the building on
an annual basis.
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