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ABSTRACT

Many residential buildings in British Columbia aother parts of North America have, or are, undergoi
comprehensive rehabilitation largely to remedy tuoesrelated problems. For reasons primarily eglat
to short-term cost, little or no attention has belmected at energy conservation strategies and/or,
greenhouse-gas emissions. Nevertheless rehabilitaf the building enclosure does present a unique
opportunity to examine and assess the actual emelgted performance of the in-service building] &m
determine the energy impact of the building enalesmprovements.

To understand the impacts of building enclosurabéitation on the energy consumption of mid to
high rise residential buildings in the Lower Maimaand Victoria, a large government and industry
sponsored research project is currently underwidye principal objectives of the study are to reviavd
assess the actual energy consumption of in-semiick and high rise residential buildings, and the
impacts of building enclosure rehabilitation rethteyprovements on the overall energy consumption at
these buildings. The results of the study willoate used to develop better building enclosuregdesi
strategies that take into account energy conseratind help reduce greenhouse gas emissionsfin bot
new and rehabilitated buildings.

This initial paper on the study presents baselioesamption data from 39 multi-unit residential
buildings (MURBS) in the Lower Mainland and VictayiBC. The data provides an understanding into
the current level of energy consumption within rachigh rise residential buildings. The contrilatiof
gas and electricity to overall energy consumptioml, aspecifically, space heat and ventilation are
discussed in detail. The disconnect between mgjldinergy consumption and billing to occupants for
their share of total energy usage is highlighted.

Plusieurs béatiments résidentiels de Colombie-Bnigure, et d’Amérique du Nord, subissent des
réhabilitations majeures pour solutionner des gnolels d’humidité. Les parties prenantes ayant uee v
a court terme, peu de projets incluent des stregédjefficacité énergétique ou de réduction de iB&ian
des gaz a effets de serre. Toutefois, la réhatdilit majeure de I'enveloppe du batiment représenge
occasion unique d’'évaluation du rendement énenggtity batiment existant et du potentiel de rédactio
de la consommation d’énergie résultant d'amélioretide I'enveloppe du batiment.

Pour comprendre les impacts de mesures de réh#ibitit de I'enveloppe du batiment sur la
consommation énergétique de batiments multi-résiglsret des tours d’habitation, le gouvernement et
l'industrie supporte présentement un projet de eadfe. Les objectifs principaux sont I'examen ae |
consommation énergeétique actuelle des batimenitderégels visés, et I'évaluation des impacts de ces
mesures de réhabilitation de I'enveloppe du batinsem la consommation énergétique globale de ces
édifices. Les résultats de cet étude servironéeldpper de meilleures stratégies d'intervention s
'enveloppe du batiment, tout en prenant in cofisition I'efficacité énergétique et la réduction de
I'émission des gaz a effet de serre, et ce a R gour les nouveaux batiments que pour les batanent
réhabilités.

Ce premier article résultant de ce projet préséagedonnées de consommation énergétique de 39
batiments multi-résidentiels de la grande régiorVdacouver et de Victoria. Les données permettent
d’avoir une vue de la consommation énergétiqueetietu Les parts des sources d’énergie, électratité
gaz naturel, dans la consommation totale d'énesgispécialement la consommation d’énergie pour le
chauffage et la ventilation, sont présentées eaildéte décalage entre la consommation énergétique
réelle et la facturation aux occupants pour leur g¢a la consommation énergétique totale est soéllig

12" Canadian Conference on Building Science and Tdobge- Montreal, Quebec, 2009
12e Conférence Canadienne sur la science et ladkgjie du batiment — Montréal, Québec, 2009
Page 137



INTRODUCTION

In British Columbia, particularly the Lower Mainldnthere is a relatively recent trend for people to
choose to live in multi-family mid and high-riseiloings greater than 4 stories in height. The oeas
are many and varied: the shortage of suitable, ltmal climate, the desire to live close to populate
centers, the views, etc. The developments mayritsate or public and tenure may be partial owngrshi
rental, or social housing. Preference is for irdiiel ownership of each unit with shared ownerstiithe
common areas, i.e., the walls, roofs, corridoreyators and stairs, foyer, recreation areas, arkinga
garage. Management is by means of the elected swancil, and maintenance and building operéaton
typically contracted to property management firmi.is with these types of strata corporations or
condominiums, which make up the majority of mudtiFiily residential housing stock, that we are
concerned.

The Lower Mainland of BC differs climatically frothe rest of Canada. Summers are mild in that air
conditioning is rarely necessary and the winteesadso temperate and mild, but rain is signifigarioth
overall quantity and duration. Both electricitydamatural gas are comparatively inexpensive argbod
supply. Therefore, buildings tend to be designedi @nstructed with a high proportion of visiblegg,
with less consideration given to environmental safg@n (including thermal bridging) compared toeth
building functions. These towers typically incorpie reinforced concrete structures, with stru¢tura
elements also used as components of the buildimipgire. Not surprisingly, a number of these
buildings have turned out to be “leaky-condos” aellwas having poor energy consumption
characteristics, and ‘green’ or environmentallyligmged.

From the owner’s perspective, the enclosure repaies usually critical, costly and controversial.
Critical because they have to be done and soordier @0 keep the buildings safe; costly becausg dhe
disruptive and substantial, and controversial beeatinvolves many owners and has social, economic
and political ramifications. It happens also tthet timing of the enclosure repairs is perhapstst and
only chance to make energy upgrades and also tesgldome of the “green” issues.

Accordingly, the first step of the study was tohgatdata on a large number of mid- to high-rise
MURBs in the Lower Mainland and Victoria in ordew &scertain the pre-enclosure repair energy
consumption.

OBJECTIVE

The purpose of this paper is to specifically re@ortl discuss the use of electricity and gas inrgela
sample of mid to high rise multi-unit residentialildings (MURBS) in the Lower Mainland and Victoria
BC.

BACKGROUND

In Canada, approximately 30% of all secondary gnergonsumed in buildings (NRCan 2005). Of this
30%, residential buildings use approximately 16% emmmercial and institutional buildings account fo
approximately 14%. Of the residential portion, 1B%ised in apartment buildings. Secondary enesrgy
energy used by final consumers (i.e. operation ggnerand does not include the production and
intermediate energy.

Energy intensity (total annual gas/electric/othexl fenergy consumption per unit area) in buildihgs
been broken down by region and housing type witbémada by Natural Resources Canada (NRCan
2005). The average energy intensity for all typeRouseholds in British Columbia is 0.80 G3/{222
kWh/n?), compared to 1.01 (281 kWhimfor the entire country. Specifically related imw-rise
apartment buildings (<5 storeys) in British Columbihe average energy intensity is 0.86 GJ289
kWh/n?), compared to 1.10 GJfn{306 kWh/nj) for all of Canada. Data for high-rise apartment
buildings (>5 storeys) or condominiums was not emttd or specifically identified as part of this
previous study. The study also found significaiffecknces in the energy consumption in low-rise
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apartment buildings based on who paid for the gnefd/here someone other than the occupant (i.e.
landlord or strata corporation) was responsiblepying at least one of the dwellings energy squtee
average energy intensity was 1.62 GJ(#50 kwh/m). In contrast, where occupants pay for all ofrthe
energy use the average energy intensity was 0.6823172 kWh/r). For this and other reasons, social
and rental housing was excluded from the survey.

The focus of the study is specifically mid and higde residential buildings. Data from the 2007 BC
Hydro REUS study indicate that approximately 21%th#d dwelling units in the Lower Mainland are
within mid- and high-rise buildings (>5 stories).

A typical multi-unit residential building in BC usenatural gas and electricity energy sources ih bot
the suites and in the common areas. A schemattbeotypical space heating and ventilation system
within a MURB is shown in the Appendix. Within eashite, electric baseboard heaters normally provide
space heating, and are usually thermostaticallyralded. Electricity is also used to power apptias,
lights, fans, miscellaneous electrical devices plud-loads. Natural gas domestic hot water heasng
common. Natural gas fired boilers are also tyfpycaked in buildings with recreational amenities,
including pools and hot-tubs. Distribution systdimsdomestic hot-water vary in efficiency, and bav
significant impact on the amount of gas used. ddngs may also have in-suite fireplaces for aestlost
partial space heating purposes.

Natural gas is typically used to heat ventilatian wsing from rooftop gas-fired units which is
distributed to the building corridors and suitespogitively pressurizing the corridors. In thisaep heat
system, gas-fired roof-top make-up air units (MAUsat outdoor air up to 15-18°C (year round), which
is then ducted down through shafts and to the akotrridor spaces on each floor within the buiddin
From the corridors, this pressurized ventilationisiassumed to find its way into suites througlordo
undercuts or other air-leakage pathways. Air isagsted from individual suites by means of exhaust
fans, through air leakage paths (both known andhowk) and occupants opening windows and exterior
doors. In reality, this pressurized corridor agato suffers from a number of problems relatinghi® t
provision fresh air, as well as the distributionhafat. Air supplied to corridors may or may noidfits
way into all suites on a floor, as door undercuts/rbe blocked-off, due to pressure imbalances from
wind and stack effect, or the fact that the airpligd to the hallways can more easily flow through
elevator and other shaft openings than into thiesui

Two of the buildings in the study are 1980’s vimagydronic heated, with gas-heated hot-water
supplied to baseboard heaters within each suitee pressurized corridor approach is still utiliZed
ventilation air, but the electric baseboard heaeeseplaced with hydronic baseboard heaters.

Study Buildings

For the study a total of sixty-four Multi-Unit Relgntial Buildings (MURBS) were initially selectedrf
analysis. Fifty-one of the buildings are 10 tosB&reys (high-rise) and thirteen of the buildings & to 9
storeys (mid-rise), and they were all constructetiveen 1974 and 2002. Fifty-six of the buildings a
located in Metro Vancouver, and eight in Victoridhe buildings were selected to be representafive o
typical MURB housing stock and contain buildings fofms common to other mid- and high-rise
residential buildings in BC.

Data from thirty-nine of these buildings are coderdeere. Data from the other buildings was
unsuitable for this paper due to a number of remsonluding namely, missing or erroneous data,
metering issues (i.e. single gas or electricity eretfor several buildings grouped in complexes),
difficulty in splitting consumption in buildings Wi mixed energy use (condominium plus commercial
space on same meter), or lack of available datd@ruildings at this time. All of the buildingseua
combination of natural gas and electrical energy.

The data represents an approximate total of 4 dfidential suites with 4.6 million square feet tis$
floor area where 173,000 GJ of natural gas and #domkWh of electricity is used per year. For
reasons of confidentiality, buildings are referehasing a number from 1 through 64 for the study.
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It needs to be appreciated that the study represetop-down consumed energy analysis, i.e., the
meter readings of the supplied energy are recaadedmanipulated to assess usage. No considerstion
given to the conversion effectiveness or efficierssasonal or otherwise, of any device in this plads
the study. Assumptions are few, and stated winengdre made. This is quite different frorattom-up
analysis which is perforce done on a single bujdind the assumptions may be many and varied.

Data Analysis Procedure

For each of the buildings, at least 10 years of aya$ electricity billing data from 1998 to 2008 was
requested. The intent of looking at 10 year da#s Yo understand how climate affects space heating
consumption in MURBS, and then during the latettpaf the study, capture at least 2-3 years of data
post- building enclosure upgrade for comparisoarmrgy savings.

BC Hydro and Terasen Gas are respectively the ipahsuppliers of electricity and natural gas te th
buildings in the survey. Meters are read at faidgular intervals of not more than 62 days, ara th
billing cycles are monthly. The metered data iéd#id by the period in days to obtain an averagaipg
which then may be added in accordance with thendaleand, hencealendarized. Consumption data is
not normalized for weather or other effects, anid s the name implies raw data. While the gak an
electricity meters may not be read on the same, dafendarizing the data allows comparison of the
monthly consumption for each. Weather normalizatibthe data will be performed during later phases
of the study, to accurately compare the pre antygmgrade energy consumption.

Electricity is metered by suite for each unit (ie lighting, all appliances, heating and domesitit-
water if electric) and the electrical demand oncatlier devices (rooftop, elevators, all common srea
including the pool, recreation rooms and outdoghting and parking areas) is read off usually one
common meter. For each of the buildings, BC Hypliravided the Common Area consumption and an
aggregate Suite consumption which summed all o$tiites within the building together.

Natural Gas is normally metered on a single metethfe entire building. This means that all gasdi
heating devices, even the fireplaces and domestigvater and pools (if any), are included in thegks
reading. At some of the building complexes in #tady, a single meter may be used for several
buildings, even mixing in some commercial usageheW the gas metering was mixed or questionable,
those buildings were excluded from this study.

Electricity and Natural Gas data is combined ireapgsheets and total monthly energy consumption is
calculated. Gas data is provided in GJ, but cdadaio an energy unit of kWh (1GJ = 277.78 kwh) for
comparison and analysis in standard units. Montlalta is compared usingstandardised month of
365/12 = 30.4167 days long (30.5 days during lezgryso that all months can be compared equally.
Thus the raw data has been bo#lendarized andstandardised. This is especially relevant when, say,
comparing January to February consumption.

Analyzing the annual data, we found that a contisueecord from August 1st to July 30th provided
the best 12 month period for our “calendar yeaggduse this completely and continuously covers the
heating period. This has no impact on the averageal energy consumption data provided in this ntepo

As one of the larger goals of the study is to l@kthe impacts of energy savings from building
enclosure rehabilitations, we focused on underatgrttie impacts of space heating energy. The sehso
heating contribution is clearly evident for botle #lectric and gas data for all of the buildindssuming
that the space heating is either turned off or @ornfior the summer (July and August) an averagéhtor
non-variable data can be established and subtrdobed this heating data. This non-variable data
baseline includes non-direct space heat usageyding domestic-hot water and gas appliances, fer ga
and a baseline for electricity, namely electricapl@ances including stoves, all lighting, elevators
miscellaneous devices and plug loads, etc. Figumesents total monthly energy consumption and
Figure 2 presents total monthly space heat enemgyilding 31, a typical MURB in the study.
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Figure 1: Building 31 — Monthly Energy Consumption,August 2003 to July 2005
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Figure 2: Building 31 — Monthly Space Heat Energy @nsumption, August 2003 to July 2005

The assumption that baseline electric loads casirbply removed for the analysis of space heat was
tested. Using data from the two gas hydronic likbtgldings (#19 and #45); the monthly electricity
consumption within a typical MURB can be analyzetheout influence of a direct electric space heat
component to demonstrate the seasonal variatidgighting and other electricity use. Neither of ke
buildings has air-conditioning, unless owners hara/ided their own portable units (which is repdiye
uncommon in these units). It is also typical fom& owners to purchase small electric space heaters
supplement baseboard heaters, particularly for atekderooms such as enclosed balconies. The majority
of energy used within building #45 is gas, accaumfor 72% of the total energy used. Figure 3 plioés

monthly common gas and suite and common area ielgctconsumption demonstrating the small
seasonal variation in suite electricity in builditp.
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Figure 3: Building 45 — Monthly Suite and Common Aea Electricity Consumption, August 1998 to July 207

In building #45, on average the non-space heabsahsariation was found to be 8% of the total ainu
suite electricity (annual range from 3% to 10%) &8d of the annual common area electricity (range
from 2% to 8%). In building #19, on average the-+heat seasonal variation was found to be 5% for th
total annual suite electricity (range from 2% to)&%d 6% for the annual common area electricitygea
from 4% to 8%). Note that these percentages peovate for buildings where the space heat is peavid
by gas.

In buildings with electric baseboards, where we astually concerned with this seasonal variation,
electric baseboard space heat energy accountfaverage 40% of the suite electricity. As thdesui
electricity load is on average 50% higher in thectlc baseboard heated buildings than these two
hydronic buildings (due to the space heat portiting, non-heat seasonal variation is estimated lp on
account for between 1% and 4% of the total elattric As these non-heat seasonal variations are
relatively negligible, and attempting to factor algir contribution would add an unnecessary unknow
error, the electric space heat can be determindld ieasonable accuracy using the baseline method.
Moreover, these seasonal variations in lighting alsttricity actually contribute to the heatingtbe
building (i.e. incandescent light bulbs), and imtoffset the required space heat from other machbn
sources.

To assess the impact of the baseline gas assumtieriotal energy consumption is plotted versus
monthly heating degree days (an indicator of rexglispace heat energy per month) in Figure 4 for
building #45. More correctly, the plot should shbeating degree days versus space heat load, howeve

as we are attempting to determine the baseline ilodlde gas for zero space heat, these plots are mo
useful.
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Figure 4: Building 45 — Monthly Electricity and Gas Consumption versus Heating Degree Days
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Significant scatter exists in the relationship bedw gas consumption and heating degree days dheng
heating months however trends are apparent. kiggtconsumption is typically more predictable and
correlates well with the heating degree day valDering the summer months (HDD <50) the scatter in
gas consumption diminishes, and a baseline eneayy flor only the domestic hot-water portion of the
natural gas becomes apparent, particularly belomD. An average of the gas consumption at only
the lowest HDD values is calculated as an apprtprimseline indicating zero space heat for each
building. This is equivalent to weather normaligithe data, and selecting the minimum baselineevalu
The baseline gas value is the monthly energy reduor heating the domestic hot water, cooking with
gas stoves, and indoor pool water heating.

Once baseline consumption values of electricity gasl are determined, the monthly total and space
heating energy consumption data is determineds iBHdroken down into the following for each builgli
on a monthly and annual basis:

e Total Gas Consumption

0 Total Gas for Base-line Usage (i.e. for heatingahestic hot-water, gas stoves, heating
of indoor pools and hot-tubs)

0 Total Gas for Space Heating (i.e. for heating aftiation air within rooftop make-up air
units, gas for hydronic heated buildings, and &8 fireplaces in some suites).

e Total Electricity Consumption

0 Total Suite Electricity
= Suite Electricity for other baseline non-primarynan-direct heating uses (i.e.
baseline lighting, appliance, and plug loads)
= Suite Electricity for Space Heating (i.e. Electiizseboards)
0 Total Common Area Electricity
No baseline was obtained for this as the seasdiflethce was small and there was not a
clear cut delineator between the two main usesritbestas follows;
= Common baseline electricity for other devices faas, ventilation systems,
pumps, elevators, indoor and outdoor lighting, paylgarage etc.)
= Common variable electricity for space heating lgic&ic re-heat or baseboard
heaters are used in the corridors or elsewhere)

Note that the conversion effectiveness of raw gnprgchased to energy consumed in the building can
be taken as 100% for electric devices while thes@ma conversion efficiency of the gas heating4plan
and appliances depends on the device and varieed&etabout 40%and 90%. At this time during the
study, we are only concerned with the supply offgyneand even though 1 GJ of gas purchased does not
equal 1 GJ of gas energy output, it does not affectonsumption data reported here.

Statistically, the data set is variable, like th@ldings chosen for the study. However as thedmijs
are all within the same geographical and weathgioneand all are privately owned residential, the
variability of the used energy consumption datdaisly good. Average (mean) values are close to
median values.

ENERGY CONSUMPTION

Total Energy Consumption

Total energy consumption for 39 MURBS is presertethis section. Figure 5 presents the total energ
consumption for all of the buildings, normalized dposs floor area, sorted from low to high, witke th
overall electricity and gas energy portions indiciat

Average energy use intensity for MURBs in the Lowtainland and Victoria is 213 kWh/fyr for
the 39 buildings analyzed in the study. A rangenirl44 to 299 kWh/Ayr was observed in the well
distributed sample set. Of the 39 study buildirRfsare in Metro Vancouver and 5 are in Victoriche
average for Vancouver is 220 kWH/gr and Victoria is 166 kWh/fyr. Per heating degree day, the
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average energy consumption of the buildings is @.K&/h/nf/yr per HDD in Vancouver, where the

average heating-degree day (18°C baseline) is ftf4he study period. In Victoria, per heating o

day the average consumption is 0.061 kWh/rmper HDD where the average heating degree dayig

for the study period. The 1971-2000 Environmenhdita, 30-year annual average heating degree day

value is 2750 for Vancouver and 3040 for Victodiferent than that seen over the past decade. The

differences between Vancouver and Victoria willfls¢her discussed in a later phase of the study.
Comparing energy use normalized per suite, additiamerages and trends for total building energy

consumption are shown in Figure 6, sorted fromtoWwigh and noted by study building ID.
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Figure 6: Total Building Energy Consumption Normalzed by Suite, divided between Total Electricity ad Gas

The energy use per suite is on average 21,926 k\Wlitlyin a range from 11,566 to 34,812 kWh/yr (with
one building at 50,611 kwh/yr). Building 57, withe highest consumption at 50,611 kWh/yr, is ahigh
end luxury condominium with suites in the 2000+rfige and is a building with full amenities indhgl
air conditioning, in-suite fireplaces, and commoaaarecreation centre and pool.

From the average total energy use per suite, 10k¥dB/yr is electricity, and 11,486 kWh/yr (41
GJlyr) is gas. On average, 5,828 kWh/yr of eleityriis typically used within the suite, and remam
4,615 kWhl/yr is designated common electricity whiglapportioned to each suite. Within each suite o
average 2,196 kWh/yr of 5,828 kWh/yr (38%) of tlutes electricity is used for space heat. On awerag
51% of the gas used within these building is facgpheat, therefore per suite 5,870 kWh/yr (21 G afy
energy is used for space heat.
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Distribution of Space Heat Energy

The buildings in the study have similar mechangatems, with centrally provided gas heated air to
pressurized corridors, and electric baseboard reatesuites. Buildings 19 and 45 have hydroniathe
baseboard heaters in suites instead of electrieboasd heaters. Several of the buildings haveiiie-s
gas-fireplaces in some of the suites (i.e. pentaustes). Buildings 21, 36 and 58, have fire@ace
within all of the suites, and based on the gasuwopsion data, appear to be providing much of trecsp
conditioning heat to the suites (albeit largelyfic@ntly). The distribution of energy which ised for
space heat, for both electricity and gas, is shimswFigure 7. Furthermore, the percentage of sphaet
which is from gas sources is shown in Figure 8.
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Figure 8: Approximate Percentage of Total BuildingSpace Heat which is from Gas Energy

As shown, the predominant space heat energy séurteese MURBSs is gas. Even in buildings without
gas fireplaces, gas remains the predominant spgeatesburce. This space heat gas is that usectahee
air within the make-up air units for ventilatio@nly 5 of the buildings have less than 50% of tlspiace
heat energy from gas heat (provided by makeuprety, with none less than 40%.

Removing the hydronic heated buildings from theytation data set has a negligible impact on the
overall averages, and instead of 69% space heatdes, the non-hydronic buildings use on averagé 67
of space heat from gas sources.
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Influence of Predominant Energy Source on Consumjin

The influence of predominant energy source andifgaty the predominant space heat energy sowsce i
analyzed in an attempt to understand the differ@mteenergy consumption within the buildings of the
study. Consider the total energy consumption frhebuilding plotted against its gross floor anea i
Figure 9. As shown, there are an equally disteébduget of more and less efficient buildings tham th
average of 213 kWh/fyr. It is of interest to understand why buildirage more or less energy efficient.
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Figure 9: Total Energy Consumption versus Gross Flar Area

To understand which buildings are more efficiehg buildings are grouped by predominant energy
source. Four categories were developed for thiysiaa
* Gas dominant (>55% of total energy consumptiorais) g 13 of 39 buildings,
» electricity dominant (>55% of total energy consuimpts electricity) — 13 of 39 buildings,
 no dominant consumption (gas/electric consumptierbétween 45 and 55%) — 11 of 39
buildings, and
» hydronic gas heat — 2 of 39 buildings.

Using the same data-points as in the previousdigine categories are highlighted in Figure 10endr
lines have been approximated to indicate the diffees in total energy consumption versus the darhina
energy source. Not all buildings fit the corradati and possible reasons for discrepancies arel.note
While the population may be statistically insigo#it, the purpose is to highlight the relative etiéihces
in the study buildings.
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Figure 10: Total Energy versus Gross Floor Area, Sji between Gas and Electric Energy Dominated Builahgs.

12" Canadian Conference on Building Science and Tdobge- Montreal, Quebec, 2009
12e Conférence Canadienne sur la science et ladkgjie du batiment — Montréal, Québec, 2009
Page 146



From the plot, it is shown that the gas energy dameid buildings use on average more energy than the
electric dominated buildings. This may be largatyibutable to the efficiency losses of gas amyies.

In the dataset above, the average consumption lfdsuddings is 213 kWh/fiyr, whereas the gas
dominated buildings use on average 238 kWh/mthe hydronic gas buildings 200 kWH/gr, and the
electric dominated buildings 160 kWHiyr.

As it is apparent that the space heat energy isdtheng contributor to the energy consumption
between buildings, the total space heat portioi@buildings’ energy is analyzed in greater detkibur
slightly different categories were developed, siietd the space heat contribution:

» Gas space heat >70% of the total space heat {Lesstibution of electric baseboards) - 15
of 39 buildings,

* gas space heat <55% of the total space heat (Hagimeribution of electric baseboards) - 9 of
39 buildings,

e gas space heat >55% and <70% - 13 of 39 buildamys,

e hydronic gas heat - 2 of 39 buildings.

The total space heat consumption intensity is @iottgainst gross floor area in Figure 11. Tremeksli
again have been approximated to indicate the difiezs in space heat energy versus the dominargyener
source.
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Figure 11: Space Heat Energy versus Gross Floor Aa, Split between Gas and Electric Space Heat Donaited Buildings.

Here, the differences in buildings become even nemident. A gross annualized relative space heat
efficiency factor was determined for each of thddag types compared to the electric baseline 0sEh
buildings with a high proportion of gas fireplacesed for space heat have an efficiency factor of
approximately 50% compared to the electric domuhdgildings. Those buildings which are more gas
dominant (i.e. higher contribution of make-up aentilation to suites) have an efficiency factor of
approximately 64%. The hydronic gas space hedtlihgs have an efficiency factor of 72%. These
factors would be lower still compared to an enjirelectric space heated building (100% site heat
efficiency), however the baseline “electric domeditcategory of building still relies on gas for5% of

the space heat. The use of modeling in later ghabé¢he study will help determine a more suitable
baseline for comparison and determination of mopeiaate heating system efficiencies.

For comparison, equipment efficiencies of the gmsce heating appliances are approximately 80% for
the hydronic gas-heat boilers, 75-80% for the makeair ventilation units, and much less for gas
fireplaces. Therefore the efficiency factors depeld for the buildings as a whole are comparalld, a
expectedly less to account for distribution anceotystem energy losses. Determining these spsate h
system efficiency factors is another goal duringldter part of the study.
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These apparent differences between gas and eldotrimated buildings will be further investigated i
the next phase of the work. In particular the afl@entilation make-up air coupled with gas spheat
in these buildings requires further investigatidhis however evident that the efficiency of thake-up
air unit (typically 75-80%), will have a significaimpact on gas energy consumption. High efficjenc
(>90%) condensing make-up air ventilation units rhaypreferable to reduce energy consumption.

Energy Consumption End Use

For the 39 MURBS in the study, a summary of aver@agergy consumption and distribution of energy
sources is determined. As each building is uniguenge of values are provided.

+ Average high-rise MURB consumes 213 kWHim(range of 144 to 299 kWh/iyr)
* Average size of the MURBs within the study is 1dfis (5-33 floors), 11,023 m2 (range of 2,142
to 19,563 ) and contains 113 suites (range of 16-212 suites).
«  49% of the energy is electricity, 102 kWH/yr (range of 28 to 82% Electricity)
0 57% of electricity is used in suites (range of 837%)
= 38% of suite electricity is used for electric basaol heating (range of 6 to 61%)
= 62% is used for appliances, lighting, electrongéts,(range of 39 to 94%)
0 43% of electricity is used in common areas (rarfg&3do 67%)
= 100% is used for operation of elevators, lightidy,AC distribution, ventilation,
plumbing, fans, pumps, parking garage etc. Aldhiwipools, hot-tubs and other
amenity areas. A very small portion is used fecelc baseboard heat in lobby or
other common areas
0 22% of the total electricity (suites and common)sed for space heat (range of 4 to 36%)
+ 51% of the energy is gas, 111 kWHimn (range of 18 to 72% Gas)
0 51% is used for space heat within make-up air wmtsfireplaces (where provided, range
of 30 to 83%, or 100% where electric hot-water)
0 49% is used for domestic hot-water (range 17% 86,68 0% where electric-hot water)
«  37% of the total building energy is used for splagat (range of 24 to 53%)
0 69% of space heat is from gas (range of 40 to 97%),
0 31% of the remaining space heat is from the ireseléctric baseboard heaters (range of
3% to 60%).

Building Operating Energy Costs and the DisconnedBetween Consumption and Billing

Assuming 7¢/kWh for electricity and $11 /GJ for gagerage 2008 BC Hydro and Terasen utility rates,
the operating costs of the 39 MURBs can be compaitttbut allowing for inflation and rate changes.
For the 39 buildings in the study, the averagd &nargy cost ranges from $27,000 to $260,000 hed t
mean of all buildings is $128,000 per year. O$tK49,000 is spent on gas, and $79,000 on eligtric
For the building as a whole this represents a sigmt amount of money (in the order of $1.07 pprase
foot of floor area per year). Per suite the tetadrgy cost ranges from $700 to $3000 per suiteyqar,

for an average of $1186.

Individual occupants typically pay directly for tismite electricity, and are invoiced on a monthly
basis. On the other hand, the monthly invoiceggls and the common area electricity are paid ttiirec
by the collective owner group (Strata Corporatiolihe monthly fee paid by the individual ownershe
Strata Corporation includes for the cost of thisrgg, but also includes a number of non-energyscarsdl
the occupants typically never see these energg. bilfherefore, the average energy distribution and
associated costs per suite are as follows:

*  28% for suite electricity or $408 per year paidlivy suite owner or occupant.

* 21% for common area electricity or $323 per yedd pg Strata Corporation.
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» 51% for gas (MAU space heat and DHW) or $455 paer paid by Strata Corporation.

Of the per suite total of $1186 paid per year, 3834 per month) is paid by the owner or occupant,
and 64% ($65 per month) is paid by the Strata Qatpm. Clearly, the actual amount paid by the
occupant is small and this disconnects the ownercoupant from the relative size of the total ahnua
energy bill which on average is $128,000. Thisaiect is a hurdle which must be overcome in order
to effectively reduce energy consumption. It soatlear that the central HVAC and electrical syst
have a large impact on total energy usage. Theredfpergy efficiency improvements made to central
shared systems will result in significant benefits.

CONCLUSIONS

Multi-Unit Residential Buildings in the Lower Maegmd and Victoria, BC consume on average 213
kWh/n/yr of energy. Of this energy, 49% is electricityd 51% is natural gas. 37% of the total building
energy is used for space heating, of which, 69%h@Epace heat energy is from gas.

Although the majority of the buildings were initialdesigned to be electrically heated, the primary
energy source for space conditioning heat is gagdlly from heating of ventilation air. This aggrs to
be the result of the inefficiencies of make-up it gas heaters and ventilation distribution syste
within MURBS, pressurized corridor ventilation sysis, air leakage, and occupant behaviour. Thefuse
fireplaces for space heating is also shown to leffiaient. Buildings which rely more on gas than
electricity for space heat typically use more epgeligely because of the inefficient gas-heat dlsttion
systems. Distribution system aside, the efficieatyhe appliances used to turn natural gas inszep
heat or heat for domestic hot-water will have gdéampact on the total building energy consumption.

The majority of energy usage in MURBSs is paid fgrthe Strata Corporation, and not the individual
owners, resulting in a disconnect between the gnasgrs and the collective client. There is a rfeed
an improvement in the energy efficiency of MURBsaawhole, as the overall cost to each building and
society is high and will likely continue to increasinless changes to the design, construction and
operation of these buildings are made.
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APPENDIX - Typical MURB Heating and Ventilation Sysem Schematic

Schematic of a Typical High-rise Residential Building - Heating and Ventilation Systems
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