Multifamily Billing Analysis:
New Mid-Rise Buildings
in Seattle

ECOTOPE

CONSULTING
RESEARCH
DESIGN

Final Report

Prepared for:

City of Seattle Department of Planning & Development

Prepared by:

Jonathan Heller, PE, Ecotope Inc.
Kevin Geraghty, Ecotope Inc.
Shawn Oram, PE, Ecotope Inc.

Assistance From:

GGLO, LLC: Architecture, Interior Design, Landscape Architecture, Planning and

Urban Design

December 2009



Table of Contents

EXECUTIVE SUMMARY ..ottt ittt sttt b e s b e e s et e e s b bt e e e s e e e s eab e e e e s b b e e e s bb e e e e nbne e e s e |
1. INTRODUGCTION ... ottt e e oot e e e e oot e e e e e e st e e et e e e e e e e sn e e e e e e e e e e aasnnne et e e e e aeannnnneeeeesaanannes 1
1.1. THE BUILDINGS

1.2. INFORMATION SOURCES
1.3. ENERGY SOURCES. ..uuuvuvuuuuuuusssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnssssssssnnssnnnnnssnnnnsnnnnnnnnnn 2
2. ENERGY END USE DISAGGREGATION METHODOLOGY ..ottt ettt e e e envaa s 3
2.1. ESTIMATING THE NUMBER OF OCCUPANTS ...cetttttuuiieeeeererttsnaeeeesrssstnnaeeesssssstnnaeeesssssssueeesesssssssmsneesessssssnineeessssssses 4
2.2. WACANCY RATES .evtvtvererererererererereresesesesesssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssens 4
2.3. MODELING TO ESTIMATE RESIDENTIAL HOT WATER ENERGY CONSUMPTION ...uuuuuueunnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnns 5
2.4. MODELING TO ESTIMATE CLOTHES DRYER ENERGY CONSUMPTION ..evvvuunieeeeererrrnneeeeeeererstneeeeessesssnnaeeeeessssssnnneeessesesnes 5
2.5. VARIABLE-BASE DEGREE-DAY REGRESSIONS.....cevvutueieeeieeerutiiereeereeetsnieeeessessssnaesessssssssnetesessssssmuneeesesessssnmeeessesesses 6
3. ENERGY USE DISAGGREGATION RESULTS ...ooitititititieieieteeeteeeseessesssssssesssesssssssssssssssssssssssssesesssr. 7
4, WATER CONSUNMPTION ...ouuuuuii s aassssssssssasasssssssannsasasssssssssasasssasssssssssssssssssssnsnsnsssssnsnnnnn 9
. PROTOTYPE DEVELOPMENT ..ottt ettt ettt e e e et e e e e e e e e et e e e e e e e e s et e e e e e e e esataaeeeeesessaaaneeaeeeeneees 10
6. COMPARISON TO BUILT SMART PROGRAM EVALUATION. ... ottt eeaaa 13
6.1. COMPARISON TO REGIONAL IMULTIFAMILY STUDY cieieieieiiieieieieieieieieieeeeeeeeeeeeeeeeeeeeeeeseeeseessessesessssesesssesesesssssesenenees 13
6.2. COMPARISON TO STUDY OF AN OLDER KING COUNTY BUILDING....cceeiiiiiiiiiiiiiiieieieieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeens 14
A = 1115 1N L3 PN 14
7.1. DOMESTIC HOT WATER «.oevttitieeieetetttteee e e e e eeeateee e e e e eetab e e eeeeeeasa s aeeeessessbaaaaseesssssbanneeesesssstannseeessssrasannseeessennen
7.2. RESIDENTIAL SPACE HEATING ...uuuuuuuuuuusuusussssusnsssnssssssssssssssssssssssssssssssssssssssssssssssssssssssnssnsssssnssnssssnsssssnnnnnsnsnnsnnnnnn
7.3. VENTILATION SYSTEM DESIGN .uuuieieeertuiieeeeerettrunieseeererssnnaeseessssssnnaesesssssssnnasessssssssnnesessssssssnnaesesssssssnnneeseesssnes
7.4. COMMON AREA ENERGY USE...ciiiiiiiiiieieiiieiiie e e ettt et et e e e ee e et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeeeaeeeeeaeeaeeeeeeeaaaeeaeenns
7.5. ENERGY PERFORMANCE DISCLOSURE
7.6. WVATER USAGE ...eeeeeeituiieeeeeeettttiaeeeeseessteeseeeesssssnnneseesssssssnnasesesssssnnnsesessssssssnnsesessssssnnnesessssssssnsesessssssnnnneeseees
8. RECOMMENDATIONS FOR FURTHER RESEARCH AND PROGRAM DEVELOPMENT. ........covvvivvvevivieieennns 17

9. REFERENCES ...ttt e ettt e e oottt e e e e e ettt e e e e e e e et e e e e e et n e e e e e e e e e e e e eeeean 18



List of Tables

TABLE 1: NORMALIZED ENERGY USE (KWH/FTZ/YR)*, AVERAGES FOR 10 MULTIFAMILY BUILDINGS .....cvvvvieeeiiiiiiieceee e I
TABLE 2: KWH/FT?/YR OF TOTAL CONDITIONED SPACE (RESIDENTIALTCOMMON) ....vveieiirreeesieee et e e e 7
TABLE 3: KWH PER YEAR PER ASSUMED OCCUPANT ...ttt s 8
TABLE 4: KWH PER YEAR PER RESIDENTIAL UNIT ...ttt s
TABLE 5: COMPARISON OF CALIBRATED MODEL WITH EQUEST “WizARD DEFAULT” MODEL

TABLE 6: COMPARISON OF ENERGY USE AT KCHA BUILDING TO STUDY AVERAGES......uuuuuuuuuunuininininnin e

List of Figures

FIGURE 1: GAS CONSUMPTION FOR DOMESTIC HOT WATER (MODELED & ACTUAL) ..vvvviiiieeeiiiiitieeeeeesesitneeeeeessssnnsseseeeesssnnnnns 5
FIGURE 2: METERED AND MODELED ANNUAL TOTAL WATER CONSUMPTION ...c.cvvtuuneeereeeuuenseeessesssnnnsseessessnnsnaaeeseessnnnnneeaenes 10
FIGURE 3: MODELED PROTOTYPE BUILDING .....ciiiiitiiiieiteieiiiee e e ettt ee e e e e e e e et e e e e e e eeeaaa e e e e e e esasaa e e e e e eesannan e eeeeeesnnnnnnaaaaaes 11
FIGURE 4: AVERAGE DISTRIBUTION OF ENERGY USE IN SAMPLE BUILDINGS ....evtiiiiiiiiiiieieieieiereieseseseeesesesesssesesesesesssssessrnnnnne 11

APPENDIX A: ENERGY USE DISAGGREGATION METHODS
APPENDIX B: eQuest OUTPUT FOR MULTIFAMILY PROTOTYPE

APPENDIX C: BALANCE POINT DISCUSSION



Multifamily Billing Analysis: New Mid-Rise Buildings in Seattle REPORT

Executive Summary

Energy and water bills from ten new mid-rise multifamily buildings in Seattle were analyzed to better
understand how energy is used in this building type, and to determine where to focus efforts aimed
at conservation. All of the buildings were participants in Seattle city Light's BUILT SMART*" energy
conservation incentive program and eight of the ten buildings were also participants in another
green building program such as LEED®, Built Green, or SeaGreen.

Energy bills were divided into primary end uses and were found to have roughly the following average
distribution:

25% for domestic hot water (DHW)
25% for non-heating electrical use in the apartments
25% for non-heating electrical use in the common residential spaces
25% for space heating - of which
e half is used in the apartment units and
e half is used in the common area corridors and lobbies

Table 1: Normalized Energy Use (kWh/ftZ/yr)*, Averages for 10 Multifamily Buildings

Residential Common Area Common Area | Residential

Buildi DHW All
uilding Space Heat Space Heat Other Other
Average 3.07 1.8 1.25 3.28 2.8 12.2
Median 3.08 1.2 1.43 2.89 2.84 11.44
Aggregate Ratio® 2.8 1.2 1.23 2.96 2.8 10.99

* Includes all gas and electric energy reported as simple energy units of kWh. To convert to kBtu multiply by 3.413
kBtu/kWh.

Since most of the domestic hot water systems are central water heaters, more than 60% of all the
energy use in these buildings is not in the apartment units. The major end uses evaluated were
divided into several categories:

DHW: All but one of these buildings has a central gas-fired hot water system. When present,
these systems are the single largest energy consumers in the building. Most of these systems
are 80% efficient boilers and another 20% of the heat energy is lost in the continuously
circulating distribution system. More research and design alternatives are needed to reduce
hot water use and distribution losses.

Non-heating electric use in apartments: Much of the miscellaneous electric usage in
apartments is associated with consumer items, but some use is for lighting and appliances
which can more easily be addressed through conservation programs. Observed loads in these
multifamily buildings are significantly less than research in single family homes has indicated.

! Aggregate Ratio is the sum of the energy use in all buildings for that category, divided by the total square footage of all
buildings. This gives a better picture of the regional energy impact of various end uses.
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Non-heating electric use in common area: About 70% of the non-heating energy use from the
common house electric meter is associated with common area, parking garage, and exterior
lighting. The other large energy user in this area is common laundry equipment which
consumes about 20% of the common area electricity (5% of total building load).

Apartment space heating: The energy code has driven envelope losses of the apartment units
down to a relatively low level. This leaves the ventilation/infiltration rate as the primary non-
regulated driver of the space heating energy. Poorly-ventilated tight apartments have very low
space heating demands and leaky over-ventilated apartments have high demands (a range of
approximately a factor of seven in our sample). To significantly affect apartment space heating
energy use, conservation programs must address ventilation rates and/or switch from electric
resistance heating to heat pumps.

Common area space heating. Common area space heating energy use is primarily associated
with the corridor ventilation system. All of the buildings are configured as “double-loaded-
corridor” with outside air delivered to the corridors for ventilation. The amount of heat required
for these spaces is completely driven by the amount of outside air delivered ventilation. More
research is needed to develop design guidelines and regulations for these systems.

Average use data was taken from this sample of buildings and used to calibrate an eQuest model of
a “typical” new multifamily building. The average billing data was used to develop accurate inputs
and schedules in order for the model to produce accurate results. This calibrated model can now
serve as a useful regional prototype for investigation of impacts of various conservation measures
and can be relied upon to produce reliable results.

Water bills and hot water energy use data validated water use models developed by Ecotope over the
last several years. This data indicates that in multifamily buildings about one-half of the water use is
hot water and that, with standard fixtures, multifamily buildings use approximately 42
gal/person/day.

Comparison to the 2008 Seattle City Light Impact Evaluation suggests a large discrepancy between
the reported savings and energy use for similar buildings and the findings of this report. The
difference can be explained by the fact that only residential electric bills were used in the study. Gas
bills and common area electric bills were not included in the City Light Evaluation.

Difficulties in bill collection, end-use disaggregation, and comparison of our data to earlier studies
exposed potential pitfalls that may be encountered as Seattle implements new regulations for energy
use disclosure. Standards are proposed for how multifamily and commercial buildings report energy
use per square foot (EUI).

Recommendations from this study are: (1) all energy for commercial spaces in the building should be
reported separately from any residential spaces; and (2) the residential portion of the building should
include all gas and electric bills for all functions (including common area and parking garages)
divided by the total conditioned floor area of residential and common residential areas (not including
commercial or parking garage areas).

ECOTOPE INC. i
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1. Introduction

This billing analysis study evaluated total energy use in recently constructed mid-rise multifamily
buildings in Seattle. Multifamily buildings are different from ordinary single-family homes in several
respects. First, the heat loss characteristics of the apartments are substantially influenced by the
fact that many walls and other surfaces are shared. The heat loss rate, and thus the heating
requirements, are much lower for individual apartments. A second difference is the common area
requirements. Lobbies, corridors and other services are shared by all the units and are typically
billed to the building as a whole. Bills for these uses can be quite high as they can include
substantial heating for corridor ventilation, common area lighting, central laundry facilities, fans and
elevators. In addition, bills can include all the cost of central domestic hot water (DHW) systems that
have become increasingly common in the Seattle market. The mechanical and lighting systems in
the common areas are essentially commercial equipment and controls resulting in different energy
use patterns than might be expected in other housing types.

In an effort to better understand energy and water use in multifamily buildings, GGLO collected
billing data and building characteristics data for a sample of multifamily buildings built in the Seattle
area over the last several years. GGLO provided this data to Ecotope for use in this study. Using a
combination of engineering evaluation and multivariate analysis, these bills were partitioned into the
major energy uses of the building:

Space heating in the individual apartments;

Domestic hot water energy use;

Other non-heating energy use in the apartments;

Corridor ventilation and heating; and

Common area lighting and other non-heating energy uses in the common spaces.

orwNE

The disaggregated bills and average building characteristics were used to develop a picture of a
typical prototype multifamily building in Seattle today. An energy model was created to describe this
prototype building using the average billing data to calibrate inputs to the model in order to correctly
allocate energy in the various end uses. This calibrated model can be expected to give very good
results to investigations of potential energy conservation measures. This information can be used to
guide energy conservation programs by targeting areas of high energy use that have received
relatively little attention from energy codes or conservation programs. The average results can also
be used to establish benchmarks for typical multifamily buildings.

1.1. The Buildings

The initial data set contained 13 recent multifamily developments within the city of Seattle. Three
developments were eventually excluded because of incomplete data or dissimilar building or system
configurations. The analysis for this report was done using the remaining ten buildings.

Building completion years range from 2001 to 2007, with a median completion year of 2005. The
buildings share many common features. They are all multistory mid-rise single-building
developments. All but one have a ground floor given over primarily to commercial uses. Seven
buildings are affordable housing offering below-market rents to qualifying tenants; three are market-
rate rental buildings (one of which was subsequently converted to condo), but none could be
considered a high-end or luxury development.

ECOTOPE IND. 1
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All of the buildings are known to have been participants in some form of third-party-sponsored
energy efficiency or sustainable building program. These included Seattle City Light's BUILT SMART
program, the US Green Building Council’s LEED certification program, the Master Builders’
Association Built Green program, and/or the City of Seattle’s SeaGreen program. The sample size
here was not large enough to identify any performance improvements apparent in buildings
associated with any of these programs compared to non-program buildings.

1.2. Information Sources

Electric and gas utility bills were collected over a minimum of two years for residential and common
spaces for all ten developments. Water bills were available for eight of the ten analyzed sites. Some
“as-built” documentation was available for mechanical and electric engineering drawings for all ten
projects. In addition Ecotope was able to visit five of the ten sites, concentrating on those buildings
where other information sources left discrepancies or unanswered questions to resolve.

1.3. Energy Sources

Only one building is an all-electric building. Gas is used for central hot water heat (9 of 10 buildings),
corridor heat (5 of 10 buildings), central laundry gas dryers (3 of 10 buildings), and residence heat (1
of 10 buildings). Across the board, aggregate gas energy consumption is roughly a third of total
energy consumption, varying in individual buildings from 0% in the all-electric building to 55% in a
building which used gas for residence heat as well as corridor and hot water heat. The median and
mean gas percentage of energy use per building (as well as the ratio of aggregates across all
buildings), is almost exactly a third.

Electricity constitutes the remainder of energy use. A mixed electric-gas energy source design is
quite representative of multifamily developments designed and built within the last decade. Prior to
that, all-electric designs predominated in the multifamily sector in Seattle. For the buildings in this
study with gas bills, each building receives a single bill that covers all of the gas used in the building
(or in the residential portion of the building). Table 2 shows the range of energy uses supplied by
gas, and general information regarding aggregate energy use for the ten buildings in the analysis.

ECOTOPE IND. 2
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Table 2: Aggregate Annual Raw Energy Use in Residential and Common Areas by Fuel

2 . Electric Nat Gas Gas Use % of Site Ener

B ‘ i et g (kWhlyr) ‘ (therm/yr) ‘ Code from Gas -
1 162 1,000,050 13,213 W 28
2 172 925,593 22,534 wC 42
3 44 427,938 4,530 W 24
4 51 512,136 6,395 wC 27
5 50 235,350 9,570 WCR 54
6 65 358,534 7,077 WL 37
7 19 184,036 2,707 W 30
8 49 297,959 5,948 WCL 37
9 75 643,890 0 0
10 70 471,646 16,790 WCL 51
Mean 76 505,713 8,877 33
Median 58 449,792 6,736 33
Agg Ratio® 34

Gas use codes: W=Domestic hot water; C= Corridor heat; L= Common gas dryers; R= Residence heat

2. Energy End Use Disaggregation Methodology

The initial goal of this billing analysis is to disaggregate resident and common-area energy
consumption within each building into its most important components. Commercial tenant energy
use varies too much for us to obtain any relevant comparisons. The approach taken to ground-floor
commercial tenant spaces and commercial tenant energy consumption was to isolate and ignore
them as much as possible. In all cases, commercial tenants had separate HVAC systems and
separate electric meters. In one case a gas meter was shared between residential uses and
commercial tenants (restaurants). We estimated the monthly commercial use, based on an existing
gas submeter and removed it from the rest of the common-area gas bill. In all other cases the gas
bill served only residential end-uses and common residential spaces.

The essential tools for disaggregating consumption within residential and common spaces were:

1. the knowledge of which fuels were used for which end uses in individual buildings;

2. variable-base degree-day regressions to separate temperature-sensitive (space heating) from
temperature-insensitive energy use in individual energy consumption streams;

3. modeled consumption in the case of two specific components: domestic hot water and
clothes dryer use.

Typically each building had a single gas meter, between two and four common-space electric meters,
and an individual electric meter for each of the apartments. Although Ecotope experimented with
analyzing individual apartments’ bills, aggregated resident bills proved much more tractable.
Occupancy changes and individual tenant idiosyncrasies tended to average out across all occupants

2 The names of the buildings have been removed from the report to protect privacy of the participating projects. In the
report they are referenced by number.

3 Aggregate Ratio is the sum of the energy use in all buildings for that category, divided by the total square footage of all
buildings. This gives a better picture of the regional energy impact of various end uses.
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in a building, leaving a much more regular aggregate consumption pattern with a clearer heating
signature.

The energy consumption was split into six end-use streams:

e domestic hot water, residence space heat, corridor/common area space heat, clothes dryer
use, residential “other” (lighting, plug load, kitchen appliances); and

e common “other” (common area lighting, elevators, ventilation fans, exterior and
unconditioned space lighting, other plugs).

Dryers represent a relatively small energy use relative to the other streams, but it was convenient to
break them into a separate category because their energy consumption shows up in different places:
on the common house bills in the case of central laundries, and on individual residential bills when
individual units have their own laundry facilities.

Without submeters, there was no reliable method with which to further disaggregate energy bills. For
lighting, there were not reliable lighting power densities (LPDs), so even that breakdown was not
possible.

For the most part, it was not possible to disaggregate water bills between residential and commercial
tenants. Most buildings have a single water meter that serves the entire project. In most cases the
water use of the commercial spaces is small in comparison to the residential spaces as it is almost
exclusively used for toilets and employee hand washing during the day. However some of the
buildings included restaurants which have a relatively high water demand. It was not clear from this
study how many of the restaurants had independent water meters.

Appendix A shows the methods used to disaggregate energy use for the various configurations of
fuel types and building characteristics.

2.1. Estimating the Number of Occupants

Although many components of domestic energy use, such as space heat and lighting, are most
logically interpreted on a per-square-foot basis, domestic hot water is better predicted by, and
interpreted as, a function of the number of occupants. There are no direct occupant counts for any
of the sample buildings. Based on King County new construction assessor’s and census figures and
occupancy data from recent multifamily developments (Heller and Larson, 2009) the following
occupancy formula was used (to create a synthetic occupant estimate for the sample buildings):

Number of Occupants per Unit = 1 + 0.57*(bedroom count)

2.2. Vacancy Rates

There was several years of vacancy information for two market-rate developments. In both cases
recorded occupancy rates were quite high, averaging around 95%. This figure is likely to be at least
as high in the rest of the sample, because seven of the eight remaining developments offer
affordable housing with below-market rents and have waiting lists for vacancies. It is reasonable to
assume that all the developments were fully occupied over the data-gathering period, although there
may have been small differences in effective occupancy between the three market-rate
developments and the seven affordable developments with below-market rents.

ECOTOPE IND. 4
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2.3. Modeling to Estimate Residential Hot Water Energy Consumption

Energy used to heat water for domestic use, expressed as a per-capita figure, is one of the more
easily understood components of residential energy consumption. Ecotope constructed a simple
model for per-capita domestic hot water energy use, which was used to compare with actual use in
the cases where gas was used exclusively, or almost exclusively, for domestic hot water. The model
expresses annual energy consumption for gas hot water heat as a function of boiler efficiency,
distribution efficiency, and the number of occupants: the energy required to heat 22 gallons of water
per person per day with an assumed average 60°F temperature rise, the thermal efficiency of the
central boiler, and a presumed 20% distribution loss. The 22 gal/person/day figure was based on
data gathered in residential submetering studies in the 1990s (Roos and Baylon, 1992).

For the sample of buildings, when hot water was provided by a central gas boiler, we were able to
determine whether the hot water boiler was conventional or a high-efficiency “condensing” boiler; for
the former, in the absence of other information, we assumed 80% thermal efficiency, and for
condensing boilers 90% efficiency.

Figure 1 compares modeled hot water energy use derived from the above assumptions for central
gas boilers (depicted as straight lines) with actual data points for the four sites where gas was used
predominantly or exclusively for hot water. The model appears to agree with the observed data
points. For all the remaining cases the central gas use was complicated by major common-area
loads, so the model was used to estimate the gas consumption for domestic hot water production as
a fraction of the total gas consumption.

Figure 1: Gas Consumption for Domestic Hot Water (Modeled & Actual)

o
o
3 4
L
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@
o
g @ building-6
o
<o |
o
[T
& huij
o 4
T T T T T
50 ) 100 150 ] 200 250
estimated # of occupants using unit_ct + 4/7*br_ct
L] actual, condensing boiler L actual, conventional boiler
modeled, condensing boiler modeled, conventional boile

2.4. Modeling to Estimate Clothes Dryer Energy Consumption

As noted in Section 2, clothes dryers were a potentially troublesome category of energy use. At some
buildings clothes dryer energy use registered on residents’ energy bills, and at others it registered on
common electric or gas bills. To render categories of partitioned total energy use comparable across
sites, we were forced to break dryer use out as a separate category. Unlike domestic hot water,
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dryer energy use was always commingled with other uses in bills; we did not have any bills reflecting
only dryer use. As a consequence, reported dryer energy use figures are modeled numbers, which
could not be cross-checked against any recorded consumption figures. This should be kept in mind
when assessing their reliability.

Modeled dryer energy consumption was borrowed from a national study of single-family energy use
by the National Renewable Energy Lab (Hendron, 2008), and is a function of unit and bedroom
count; separate model equations were developed for electric and for gas dryers. Since this estimate
is a national number taken from single-family housing data it is likely that it is too high for this
sample of multifamily buildings. However, since this is a small total usage, the errors introduced are
small. Note that for this analysis, estimates of dryer usage were included with the common-space
“other” energy bills.

2.5. Variable-Base Degree-Day Regressions

The variable-base degree-day regression standard methodology for separating metered consumption
into heating-degree-day (HDD) sensitive and HDD-insensitive portions has been widely employed
(Fels 1986). The temperature-sensitive portion is an indicator of space heating usage, while the
remaining consumption is interpreted as non-space-heating plug loads and DHW.

In its simplest form, the method regresses energy consumption onto periodic degree-days calculated
to various bases, and selects the degree-day base (balance point) which provides the best regression
fit, as represented by the regression coefficient of determination (R2). The HDD-sensitive portion of
aggregate consumption is then the total annual heating-degree-days to the chosen base multiplied
by the fitted regression degree-day response coefficient. The remainder of aggregate consumption is
“baseload” assumed not to vary with weather or seasonally.

In its original formulation, all the estimated heating-degree-day-sensitive consumption was assumed
to be space heat; however residential hot water energy use also shows HDD effects driven by
seasonal variation in input water temperature. Data from buildings with separately metered hot
water was used to determine the magnitude of the HDD effect on hot water bills. We have adjusted
space heat energy consumption estimates to reflect this in those cases where hot water and space
heat energy use are combined on one meter.

Although consumption response parameters, balance point (the constant term), and temperature
slope are always estimated using the actual weather data over the period when metered
consumption took place, it is advantageous to normalize estimated consumption to “typical” weather
so that unusually cold or warm weather during the estimation period does not give rise to misleading
consumption estimates. Such normalization can be easily done by calculating annual degree-days to
the estimated base from typical meteorological year (TMY) weather data, and then multiplying this
TMY annual degree-day figure by the estimated degree-day response coefficient to get “typical”
degree-day sensitive consumption. Annual non-degree-day sensitive consumption for this typical
year is simply the constant term times 365 days. We performed this normalization to all our
consumption estimates; in practice it made little difference to estimated values, since the actual
weather over the estimation period did not depart significantly from “typical” weather.

ECOTOPE IND. 6
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3. Energy Use Disaggregation Results

Table 2 displays estimated annual energy consumption for the ten buildings broken down into six
subcategories and expressed on a per-square-foot basis, as well as median, average, and aggregate
ratio values. Aggregate ratio values are defined as ratios of the sum of all consumption of that
particular type across all buildings, divided by the sum of all conditioned square feet across all
buildings.

The energy figures represent total site energy use with both gas and electric energy use reported as
kWh/year.4# The square foot figure used is the sum of estimated residential and common space
square feet. Commercial square feet are excluded. By intention, the common square feet include
only conditioned space and exclude areas such as parking garages and meter rooms which are
outside the heated envelope, although of course such spaces do incur some forms of energy use
such as lighting and fan energy.

Table 2: kWh/ft?/yr* of Total Conditioned Space (Residential+Common)

o Heat Heat Heat Other Other

el ’ Dryer ‘ DRV ’ Res ’ Common | Total ’ Common Res All
1 0.60 2.61 0.58 0.98 1.57 2.03 271 9.52

2 0.57 2.44 0.63 1.68 2.31 1.46 3.18 9.97
3 0.64 3.04 2.59 1.27 3.86 1.99 2.95 12.47
4 0.69 3.44 4.39 1.82 6.21 4.14 2.44 16.93
5 0.53 2.57 * ** 3.03 1.93 2.19 10.24
6 1.47 3.12 1.09 0.27 1.36 2.63 3.62 12.21
7 0.70 4.62 2.34 1.50 3.83 3.07 3.53 15.75
8 1.48 3.39 2.20 0.07 2.27 1.73 2.83 11.71
9 0.66 2.21 1.17 1.43 2.60 2.83 1.75 10.04
10 1.21 3.25 1.20 2.23 3.43 2.39 2.85 13.14
Average | 0.86 3.07 1.80 1.25 3.05 242 281 12.20
Median 0.68 3.08 1.20 1.43 2.81 221 2.84 11.96
Agg_Ratio 0.78 2.80 1.20 1.23 2.65 2.18 2.80 11.20

* Includes all gas and electric energy reported as simple energy units of KWh. To convert to kBtu multiply by 3.413
kBtu/kWh.

** Heat Residential and Heat Common provided by a central hydronic system and therefore could not be broken out. The
Total is displayed for both residential and common spaces.

Table 3 displays analogous data normalized by number of occupants rather than by square feet.
Some categories of energy use, such as domestic hot water, are most usefully scrutinized on a per-
occupant, rather than a per-square-foot basis. In addition, per-occupant numbers provide some
defense against possible errors in square foot calculations. Finally, * Includes all gas and electric energy
reported as simple energy units of kWh. To convert to kBtu multiply by 3.413 kBtu/kWh.

4 Note that using a “site energy” approach means that natural gas energy use is penalized by equipment combustion
inefficiencies on site whereas electricity is assumed delivered to the site at 100% efficiency.
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** Heat Residential and Heat Common provided by a central hydronic system and therefore could not be broken out. The
Total is displayed for both residential and common spaces.

Table 4 presents the same kWh numbers normalized by residential unit counts rather than square
feet or assumed occupants. The great advantage of this form of normalization is that actual unit
counts can be obtained easily and with high reliability.

Table 3: kWh* per Year per Assumed Occupant
Heat Heat Heat Other Other

Buileng DI Dl Res Common | Total Common Res Al

1 358 1,561 348 587 935 1,211 1,621 5,686

2 362 1,559 404 1,077 1,480 936 2,036 6,373

3 335 1,580 1,347 662 2,009 1,034 1,533 6,491

4 354 1,754 2,238 927 3,165 2,111 1,244 8,628

5 361 1,754 * ** 2,069 1,320 1,499 7,003

6 711 1,505 528 129 657 1,270 1,748 5,891

7 336 2,203 1,116 715 1,830 1,464 1,685 7,519

8 664 1,520 986 31 1,018 774 1,269 5,245

9 351 1,169 617 759 1,376 1,500 925 5,320

10 654 1,754 650 1,202 1,852 1,292 1,538 7,089

Average 449 1,636 915 676 1,639 1,291 1,510 6,525

Median 360 1,571 650 715 1,655 1,281 1,535 6,432

Agg Ratio 438 1,580 677 693 1,496 1,226 1,576 6,315
* Includes all gas and electric energy reported as simple energy units of kWh. To convert to kBtu multiply by 3.413

kBtu/kWh.

** Heat Residential and Heat Common provided by a central hydronic system and therefore could not be broken out. The
Total is displayed for both residential and common spaces.

Table 4: kWh* per Year per Residential Unit

576 1,917 1,012 1,244 2,257 2,459 1,517 8,725

1,243 3,333 1,235 2,283 3,518 2,455 2,921 13,470

Mean 752 2,747 1,575 1,150 2,759 2,147 2,510 10,915

Median 607 2,678 1,235 1,263 2,659 1,964 2,518 9,945

Agg Ratio 704 2,539 1,088 1,114 2,405 1,971 2,533 10,153
* Includes all gas and electric energy reported as simple energy units of kWh. To convert to kBtu multiply by 3.413

kBtu/kWh.

** Heat Residential and Heat Common provided by a central hydronic system and therefore could not be broken out. The

o Heat Heat Heat Other Other
NN ‘ Dryer DFW Res ‘ Common | Total ‘ Common Res ‘ Al

1 548 2,390 533 898 1,432 1,854 2,482 8,705
2 534 2,302 596 1,590 2,186 1,382 3,007 9,412
3 639 3,017 2,572 1,263 3,835 1,974 2,927 | 12,392
4 562 2,786 3,554 1,473 5,027 3,353 1,975 | 13,703
5 535 2,596 * * 3,061 1,954 2,218 | 10,364
6 1039 2,199 772 188 960 1,856 2,555 8,609
7 637 4,175 2,114 1,354 3,468 2,773 3,193 | 14,246
8 1,206 2,760 1,791 57 1,848 1,406 2,305 9,526
9

10

Total is displayed for both residential and common spaces.

Overall energy use intensity (EUI) in the analysis data set varies from 9.5 kWh/ft2/yr to 16.9
kWh/ft2/yr, with the most energy-intensive building using 77% more energy per square foot than the
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least energy-intensive. Expressed in per-occupant terms, the spread is from 5,245 kWh/yr per
occupant to 8,628 kWh/yr per occupant, representing a 64% increase in the most energy-intensive
building per occupant relative to the least energy-intensive.

Most buildings roughly preserve their relative position in these two rankings, although one, #8,
moves from a middle-of-the-pack building under the per-square-foot metric to the best building by a
slight margin under the per-occupant metric, and back to the middle of the pack in terms of per-unit
averages.

A second striking feature of residential and common space heat usage is that their magnitudes,
once normalized by total building area or number of occupants, are quite similar. Note that
conditioned common areas are only about 20% of total noncommercial conditioned space5. This
implies that on average, about four times as much space heat energy is used to heat a square foot
of corridor as a square foot of residential space. High rates of mechanical ventilation, either planned
or unintended, frequently with 100% outside air, and the engineering tradition of striving to provide
positive corridor pressurization, are the obvious explanation for this effect.

The relatively high heating estimates for the common area coupled with the use patterns at higher
outdoor temperatures suggest that this usage is driven almost completely by outside air used to
make-up and pressurize the corridors.

4. Water Consumption

Water bills were available for eight of the ten sites. Bill series differed in length and billing interval,
and for each site we constructed an observed average annual consumption by summing all the bills
and dividing by the number of available years. Fractional years were discarded, as well as any
leading bills where it appeared there was some sort of consumption ramp-up reflecting gradually
increasing occupancy in a new building. The number of complete years used per site varied from
one to five. Data concerning installation of high-efficiency plumbing fixtures and low-flow toilets was
available at all eight of these sites. Based on estimated consumption for different classes of water
use with different fixtures, and on previously measured per-capita consumption at five multifamily
developments, the prior assumption of per-capita water usage was roughly 42 gal/person/day in the
conventional fixture environment, and 34 gal/person/day with low-flow fixtures.

Figure 2 shows the eight annual consumption data points, plotted against assumed occupancy. The
graph also features expected water consumption based on 42- and 34-gallon per-capita estimates
for conventional and low-flow fixtures, depicted as straight lines.

One of the consumption points (building #6) displays anomalously low consumption, corresponding
to total water consumption of less than 22 gal/person/day. This was judged to be implausibly low in
a conventional fixture environment; slightly over 50% of expected consumption. Twenty-two gallons
is the modeling assumption for per-capita hot water use alone. It is likely that there is a missing

5 Individual building ratios vary from 13% to 32%; 20% is, by coincidence all three of: the average individual building ratio,
the median individual building ratio, and the ratio of the sum of all common areas for all buildings to the sum of
all non-commercial conditioned areas for all buildings.
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water meter as this building occupies a very old building site in the heart of downtown Seattle. We
chose not to use #6 in subsequent analysis.

The “fitted” line on Figure 2 is an OLS straight-line regression fit for the relationship between
occupants and consumption in the seven remaining annual consumption points. The slope of the
line is equivalent to an incremental water use of 42 gal/day per additional occupant; this is
effectively identical to our prior “conventional fixture” estimate of 42 gal/person/day.

The fitted regression line does not, however, go through the origin; which is to say, with no
occupants, it still predicts some consumption. This non-residential consumption is equivalent to
approximately 700 gal/day. This excess water usage is explained by a small amount of irrigation and
the commercial tenants in the building. Seattle Public Utilities allows only one water meter per legal
lot, so all of the commercial tenant water use is co-mingled with the residential use. For large water
users, such as restaurants, there will frequently be a water submeter, but more commonly the water
and sewer charges for commercial tenants are assumed by the building owner and factored into
rental rates. A better empirical estimate would require more data points, and more effort to detect
and quantify co-mingled nonresidential usage at each site.

Given the uncertainties regarding the extent of nonresidential consumption in the buildings, and
given the small sample size, it is not terribly surprising that low-flow residential fixture buildings (blue
points on Figure 2) cannot be distinguished on the basis of observed total consumption from
conventional residential fixture buildings (red points on Figure 2), even though there are strong priors
that such fixtures do reduce subsequent consumption.

Figure 2: Metered and Modeled Annual Total Water Consumption

6000
|

builcing 1 ®

4000
|

CCF water per year

2000
|

building 7 #

T T
50 100 150 200 250
estimated # of occupants using unit_ct + 4/7*br_ct

L metered, low-flow fixtures L metered, conventional fixtureg|
42 gal/person/day fitted, building 6 excluded
34 gal/person/day

5. Prototype Development

The aggregate averages from the sample of buildings were used to develop a prototype building that
could represent the average new multifamily building in Seattle. This prototype building was then
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evaluated with eQuest (an hourly building simulation tool) to develop a model calibrated to the
average bills. These results are also compared with typical outputs that result from using the eQuest
wizard inputs for a mid-rise multifamily building.

This average building is 68,600 ft2; 80% of this is in the residential units and 20% is corridors and
lobby. The building is five stories tall with 76 apartment units housing 122 occupants. Our
prototype building uses natural gas for a central hot water system and for heating the common
areas; all other energy use is assumed to be electric. All electric and gas energy use was added
together for the purpose of this analysis using the common energy units of kilowatt-hours (kWh). The
“average” building uses a total of about 12 kWh/ ft2/yr, 6600 kWh/yr/occupant, or 10,600
kWh/yr/unit. Appendix B includes the results of the calibrated eQuest model. Figure 3 below gives a
graphical presentation of the eQuest modeled building.

Figure 3: Modeled Prototype Building

Table 3 summarizes the energy end uses in the sample of buildings. Using mean numbers to
characterize a typical building, the DHW, space heating, residential “other,” and common “other”
each make up approximately one-quarter of the total energy use of the building. Furthermore the
total space heating used for all of the apartments is nearly the same as the space heating used for
the corridors and common spaces. This distribution is summarized in Figure 4.

Figure 4: Average Distribution of Energy Use in Sample Buildings
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The process of matching the observed results with the eQuest model requires three steps:

1. Describe the building envelope components including insulation levels, window area and
performance, building and component area, et al.

2. Assemble non-HVAC loads (since these are not directly simulated by eQuest) from the
average conditions observed in the buildings.

3. Start with eQuest standard modeling assumptions from eQuest wizard to assess the energy
use of the buildings, and adjust those parameters to match the average observed energy use
from the billing analysis.

In order to match the observed space heating energy use and total building energy use several
adjustments were necessary:

1. The actual non-space-heat energy use had to be substituted for the eQuest defaults for multi-
family buildings to develop an accurate input for internal gains.

2. The thermostat setpoint for the apartments had to be set at 71°F while the ventilation rate
for the apartments was set at 0.35 air changes per hour (ACH).

3. The ventilation rate for the corridor was set at 1800 CFM or 0.92 ACH based on the observed
average ventilation rates of the corridor fan systems. This was all assumed to be driven by a
ventilation fan.

Table 6 compares the simulation results between the calibrated model and the default model that
would be created if the eQuest wizard was relied on for the default inputs. This comparison is
instructive, since for most new building modeling the underlying assumptions cannot be verified, so
the modeling defaults could be assumed to be a reasonable estimate. The result in this case is a
substantial under-prediction, especially of the common area electrical usage and the residential
heating usage.

Table 5: Comparison of Calibrated Model with eQuest “Wizard Default” Model
Wizard Calibrated

End Use (KWhyr)* (KWhiyn)* Difference
DHW 128,500 200,676 36%
Other Common 75,532 221,464 66%
Other Residential 262,628 177,046 -48%
Heat Res 59,080 107,880 45%
Heat Common 29,713 100,558 70%
TOTALS 555,453 807,623 31%
EUI (kWh/ft*/yr)* 8 12 33%

* Includes all gas and electric energy reported as simple energy units of kWh. To convert to kBtu multiply by 3.413
kBtu/kWh.

As the table above indicates, the default plug loads (other residential) used in the eQuest wizard are
much higher than actual observed use. This impact is shown in the lower predicted heating energy
of the residential units. The domestic hot water (DHW) energy use is approximately 36% lower than
the calibrated model using the wizard’'s default; this is probably due to eQuest’s inability to model
distribution losses directly in the piping and schedule defaults. Common space heating energy use is
also significantly lower than the calibrated case; most of the wizard’'s inputs don’t include these
items nor give any indication of the magnitude of these end-uses.
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Accurate building energy use simulation is very dependent on accurate inputs. Without knowledge of
these inputs and a thorough understanding of energy end use most of the models are probably not
accurately showing the impacts of various energy efficiency measures. We believe that the values
generated in this billing analysis would better inform a modeling process for code compliance or
LEED certification than the eQuest default parameters.

6. Comparison to BUILT SMART Program Evaluation

Tachibana, Tso, and Romberger (2008 a,b) (henceforward TTR) examined thirteen 2003-2004
Seattle multifamily buildings, and thirteen 2003-2004 multifamily buildings from Bellevue and
Kirkland in the Puget Sound Energy (PSE) service territory. The Seattle buildings were all participants
in Seattle City Light's BUILT SMART conservation incentive program. The 13 Bellevue-Kirkland
buildings were selected as non-participants to represent the condition of new buildings in the
absence of BUILT SMART. The non-participants were drawn from beyond the SCL service territory
because TTR were unable to find virtually any Seattle buildings in their analysis time window which
met their selection criteria (i.e., mid-rise, electrically-heated residences, commercial ground floor)
which were not also BUILT SMART participants. These buildings were very similar to our sample in
general characteristics.

Based on Ecotope’s understanding of TTR’s screening criteria, eight of the ten buildings in this
analysis would qualify for TTR's sample; one would have been screened out for gas heat in
residential spaces, and a second for lacking ground-floor commercial spaces. TTR claim an annual
EUI for the 13 Seattle buildings of 6.66 kWh/ft2/yr, and 7.36 kWh/ft2/yr for their 13 Bellevue-
Kirkland “non-participants.”

This study, by contrast, calculates an average EUl value of approximately 12 kWh/ft2/yr, with
individual buildings ranging between 9.5 and 16.9 kWh/ft2/yr. Even the best-performing building in
this study does not come close to the average calculated for non-participant buildings in TTR’s study.

The difference can be explained by the fact that not all energy bills were accounted for by TTR’s
analysis. TTR restricted the analysis to the residential electric bills alone. This had the effect of
removing the energy bills associated with common-area ventilation, heating, and lighting. In
principle, this would still be a useful analysis. The problem, however, is that the TTR study also
excluded natural gas used for domestic hot water. It is apparent from this study that most buildings
of this scale built in the last ten years use a central gas boiler to heat the domestic hot water.
Without the gas bills associated with this use, the analysis likely attributed to energy efficiency what
could have been explained by fuel switching. The impact of this would vary depending on the
fraction of the sample that actually used electric DHW tanks in the units. From the present study, of
the ten buildings studied, only one had in-unit electric water heat.

Using the analysis presented in Table 4, and calibrating the Built Smart buildings in the TTR study to
include gas required for the DHW (2 to 3 kWh/sq. ft.) the overall EUIls for the units only (not including
common area usage) agree within 5% at approximately 8.5 kWh/sq. ft..

6.1. Comparison to Regional Multifamily Study

The overall energy use numbers in this study compare quite well with another much larger regional
billing analysis conducted by RLW for the Northwest Energy Efficiency Alliance (RLW Analytics 2007).
In that report, RLW found that the average energy use for all-electric apartments is about 10,800
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kWh/yr. This compares quite well to the average total energy use from this sample of about 10,500
kWh/yr per apartment unit.

6.2. Comparison to Study of an Older King County Building

Simultaneous to this study, Ecotope evaluated the energy use in another older multifamily building in
south Seattle owned by the King County Housing Authority (KCHA) (Heater and Heller 2009). Energy
bills were analyzed for that project using the same methodology as used in this study. The KCHA
building is very similar to the buildings in this data set except that it was built in the 1960s of
uninsulated masonry. It currently has aluminum double glazed windows and R-20 roof insulation.
Table 7 below shows the energy end-use split of this older building compared to the “average”
building in this sample.

Table 6: Comparison of Energy Use at KCHA Building to Study Averages

New Building Sample KCHA Building
Domestic Hot Water 2,592 2.9 1,291 1.8
Residential Space Heating 1,450 1.6 1,500 2.1
Common Area Space Heating 1,293 1.5 857 1.2
"Other" Common Electric 2,757 3.1 1,400 1.9
"Other" Residential Electric 2,392 2.7 2,237 3.1
Total Energy Use 10,484 11.8 7,286 10.1

* Includes all gas and electric energy reported as simple energy units of kWh. To convert to kBtu multiply by 3.413
kBtu/kWh.

The surprising result of the analysis is that this older KCHA building is better than the average new
building with an EUI at the low end of our sample of new highly-insulated buildings. The residential
space heating energy is nearly the same in this building as compared to the average of our sample.

This is most likely due to low thermostat setpoints coupled with low ventilation rates making up for
the higher losses through the poorly-insulated shell. These apartments have extremely tight wall
construction and old poorly-operating exhaust fans leading to extremely low apartment ventilation.
The occupants are all on fixed incomes and therefore are likely very conscious of keeping their
electric bills (and thermostat setpoints) low. Domestic hot water energy use looks low at this older
building compared to our average new building mostly because it has electric water heaters in the
units and therefore does not have the combustion and distribution losses associated with the central
gas DHW. Common area corridor ventilation and heating at this project is low due to the fact that
the corridor ventilation system provides very little outside air. The residential “other” electrical uses
are nearly the same (as might be expected with similar appliances and plug loads); however the
common area “other” usage is approximately half of that in the study’s average building due to low
lighting levels and limited common space area.

7. Findings

7.1. Domestic Hot Water

Only one of the sample buildings (#9) had individual electric water heaters distributed in every unit.
All of the other buildings had central gas-fired hot water systems. This represents a market change
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that has taken place over the last 10-20 years with older Seattle multifamily buildings almost
exclusively using individual electric hot water heaters. In areas without natural gas service, electric
tanks are still the primary system of choice.

There are some significant direct impacts of this fuel switch:

e While a few apartment buildings have included water submetering systems, most do not bill
directly for central hot water. This may result in a small increase in hot water use when it is
not directly billed to the tenant.

e Another impact from this analysis shows that in terms of “site energy,” the central hot water
systems include a combined combustion and distribution penalty of about 40% compared to
individual water tanks in the units, with losses of only about 8%. This indicates that programs
to improve central hot water heater efficiencies and distribution loss reduction could yield
large savings.

e The buildings indicate in this study that the market has accepted central water heating and
distribution systems for multifamily buildings. This change opens the possibility to
incorporate more innovative heat pump technologies to address this large fraction of the
building’s energy use.

7.2. Residential Space Heating

Most of the energy conservation analysis, code, and program efforts of the region directed at
multifamily buildings have been focused on reducing residential area space heating energy. The
results of this analysis shows that unit space heating is the smallest of all energy end-uses,
amounting to only 12% of the non-commercial energy use in the typical building. Any further efforts
in this area will result in relatively small incremental improvements. For example the last major
energy code changes - moving walls from R-19 to R-21 and windows from 0.4 to 0.35 U-Value -
together represent a reduction in total non-commercial energy use of just over 1%. The only way to
significantly impact this area of energy use in these buildings on average is to switch from electric
resistance heating to the use of heat pumps for space heating.

Note that there is a wide range of energy use for space heating in this sample; from 500-3500
kWh/yr/unit. This is true even though all of the units have essentially identical envelope insulation
(all met the Washington State Energy Code and participated in the BUILT SMART program).
Variability in ventilation rates appears to be the primary explanation.

Buildings #1 and #2 have the lowest apartment space heating energy usage and both have exhaust
venting for bath fans and rangehoods to the perimeter of the building rather than into vertical shafts.
These two buildings also have rigid insulation exterior to metal studs. Although this yields about the
same thermal insulation value for the walls as the other wood-framed buildings, it is likely to produce
a more airtight envelope.

Buildings #6, #9, and #10 also have relatively low apartment space-heating usage. These buildings
use vertical shafts for venting the apartment exhaust fans, but they exhaust directly to the outside on
the roof. Other buildings with higher apartment space heating requirements have continuously
operating exhaust fans on the roof at the top of the apartment exhaust fan ventilation shafts. These
exhaust fans have the effect of continuously pulling air out of the apartments. Building #4, which
used the largest amount of energy for space heating, is the only building which has a ventilation
system that provides continuous exhaust and make-up air to each apartment.
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7.3. Ventilation System Design

Ventilation system design is a tricky area to regulate; in addition to energy use it impacts indoor air
quality and hence occupant health. Utility programs have been hesitant to venture into this arena.
Nevertheless, we see from this billing analysis that ventilation rates are the prime variable explaining
a significant amount of multifamily space heating energy use. The majority is undoubtedly linked to
ventilation system design; both in the units but also in the corridor. The envelope insulation levels
have already been driven to relatively efficient levels by the Washington State Energy Code, but
control over ventilation and infiltration rates has not been achieved. This is evidenced by the old
uninsulated KCHA project which has a space heating energy use 15% lower than the average of the
new buildings in this sample.

The average amount of outside air provided to the buildings’ corridors and common spaces in our
sample is at least double the minimum air requirement dictated by the Washington State Ventilation
Code or the Seattle Mechanical Code. There are no well-established universal design engineering
guidelines for corridor ventilation systems in multifamily buildings. It has been common practice for
mechanical engineers to supply more than the minimum outdoor air volume in an attempt to
pressurize the corridors, with respect to the apartments, to prevent smoke and odors from entering
the corridors, or to provide adequate air to cool the corridors during the summer months. Corridor
ventilation system design and equipment selection is an area that deserves significant attention by
any program or code aimed at reducing energy use in multifamily buildings.

7.4. Common Area Energy Use

One important aspect to note from this study is that common area bills make up 40-60% of the total
energy use of the building. This relatively high level of common-area energy use in multifamily
buildings has been mostly ignored by the regional energy codes and energy-efficiency programs, with
the exception of common-area lighting. To make any significant further impact in new multifamily
building energy use, programs must change focus from energy use in the apartments to energy use
in the common area of the buildings.

One piece of data from this study that was surprising to these researchers is the magnitude of
common-area non-heating electrical bills. This segment of energy use represents a full quarter of all
of the non-commercial energy use of these buildings. A quick analysis of where this energy is being
used indicates that approximately 70% is for interior and exterior common-space lighting,
approximately 20% is for common laundry rooms, and the rest is for elevator, fans, and other
miscellaneous energy uses. These findings provide some clues regarding where to concentrate
future energy conservation programs.

7.5. Energy Performance Disclosure

The City of Seattle is in the process of implementing requirements for disclosure of energy
performance for commercial and multifamily buildings. This study illuminates some of the difficulties
in reporting a useful EUI for the multifamily (or any other) building type. While such an initiative is
potentially helpful, it would be a mistake to assume that all the possible mechanisms for normalizing
the energy use of multifamily buildings can be made equivalent. Ecotope recommends that a strict
reporting guideline be developed to standardize the calculation of EUls for multifamily buildings:
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1. Overall building energy use should include all energy sources that serve the residential
portion of the building. This would include not only the in-unit energy use but also the central
gas use for DHW and corridor heating.

2. All the common area bills should be included and some adjustments should be allowed to
exclude commercial space.

3. Energy use associated with unheated parking and storage areas should be included in the
total of all energy use in the building.

4. The building area should include all the conditioned areas associated with the residential
units including the common area, the lobbies, and any egress stairs and elevators if they are
included in the conditioned common area. Unheated areas such as parking garages and
storage should not be included in the calculations.

5. Mechanical penthouses should be excluded from the area calculation.

6. Energy use and floor area of commercial spaces should be calculated and reported
separately.

This methodology gives a complete picture of energy use in the non-commercial spaces of the
building by including all energy bills and conditioned square footage. The methodology used in the
2008 BUILT SMART evaluation (TTR) gives a distorted picture by excluding important portions of the
residential energy bills. If EUI reporting is to be of any use as a method to compare the relative
efficiencies of different buildings, it must be standardized to ensure that the same bill streams and
definitions of building area are used by all; otherwise, the results will be meaningless.

7.6. Water Usage

Water bill information confirmed results from previous studies. Apartments use about 42
gal/person/day of water, with about half of that being hot water. This amount can be reduced by up
to 30% through the use of readily-available flow fixtures and appliances. This also translates to a
similar savings potential in domestic hot water energy use.

8. Recommendations for Further Research and Program Development

e Additional research is warranted into the losses associated with central hot water distribution
systems. The data appears to indicate that these systems lose approximately 20% of their
heat in distribution losses. This could likely be reduced with more careful design,
installation, and inspection practices.6

e Significant improvements have been made in low flow plumbing fixture and appliance
technology over the last 5-10 years. A focused program to retrofit these devices into existing
multifamily buildings could result in a 30% water savings and 7-8% savings in total
residential building energy use.

e Research is needed to investigate opportunities to include occupancy sensor lighting controls
on a fraction of common area lighting in multifamily buildings. For example, 25% of corridor

® The energy code mandates insulation of hot water pipes. Observation of current practice indicates that it is often
not installed.
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and stairway and parking lights could stay on continuously, with 75% of the lights controlled
from occupancy sensors.

e More research is warranted into common-area ventilation system design. This could include
a better understanding of corridor pressure with relation to apartment units in existing
buildings. A regulatory approach could also be taken. For example, the Washington State
Energy Code could be amended to include some regulation for sizing controls, and selection
of corridor ventilation systems or requirements to include heat recovery for systems over a
certain size.

e More research is warranted into apartment ventilation system design. There is not universal
agreement among designers and code officials regarding what is desirable or allowable in
terms of the use of common vertical shafts and smoke and fire protection.

e The wide range of average space heating energy in apartments in the sample points to a
wide range of ventilation rates. The average apartment ventilation rate had to be modeled at
0.35 ACH to match the heating bills (conveniently, this is the ventilation rate that was the
basis for the Washington State Ventilation Code). This raises the question of why some
apartments are over-ventilated and if simple changes could be made to correct this.
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MULTIFAMILY BILLING ANALYSIS: NEW MIDRISE BUILDINGS IN SEATTLE

Appendix A: Energy Use Disaggregation Methods

Site
Configuration

Residence
Space Heat

Corridor/
Common
Area Space
Heat

Residential "Other"
(e.g. lighting, plug
loads, kitchen)

Common "Other"
(e.g. common

lighting, elevator,
ventilation)

gas only for | entire gas HDD-sensitive HDD- NREL modeled | (non-HDD-sensitive | non-HDD-sensitive
central hot bill portion of sensitive elec dryer portion of portion of common
water; no aggregated portion of usage aggregate resident electric bills
central resident electric common bills) - (NREL-
laundry bills electric bills modeled elec dryer
usage)
gas only for | entire gas HDD-sensitive HDD- NREL modeled non-HDD-sensitive | (non-HDD-sensitive
central hot bill portion of sensitive elec dryer portion of portion of common
water; central aggregated portion of usage aggregate resident electric bills) -
elec laundry resident electric common bills (NREL modeled
bills electric bills elec dryer usage)
gas for central | (gas bill) - HDD-sensitive HDD- NREL modeled non-HDD-sensitive | (non-HDD-sensitive
hot water and (NREL portion of sensitive gas dryer usage portion of portion of common
central gas modeled aggregated portion of (energy use has | aggregate resident electric bills) -
dryers dryer gas resident electric common both elec gas bills (NREL modeled
usage) bills electric bills use electric energy
components) usage of common
gas dryers)
gas for central Ecotope HDD-sensitive (gas bill) - NREL modeled (non-HDD-sensitive entire common
hot water and modeled portion of (Ecotope elec dryer portion of electric bills
corridor heat; DHW aggregated modeled aggregate resident
no central usage resident electric | DHW usage) bills) - (NREL-
laundry bills modeled elec dryer
usage)
gas for central Ecotope HDD-sensitive (gas bill) - NREL modeled non-HDD-sensitive (common electric
hot water and modeled portion of (Ecotope elec dryer portion of bills) - (NREL
corridor heat; DHW aggregated modeled usage aggregate resident | modeled elec dryer
central elec usage resident electric | DHW usage) bills usage)
laundry bills
gas for central Ecotope HDD-sensitive (gas bill) - NREL modeled (non-HDD-sensitive | (non-HDD-sensitive
hot water, modeled portion of (NREL gas dryer usage portion of portion of common
corridor heat, DHW aggregated modeled (energy use has | aggregate resident electric bills) -
central gas usage resident electric | DHW usage) - both elec and bills) - (NREL- (NREL modeled
dryers bills (NREL gas use modeled electric electric dryer
modeled components) energy use of usage)
dryer gas common gas
usage) dryers)
no gas (all- Ecotope (HDD-sensitive HDD- NREL modeled | (non-HDD-sensitive | non-HDD-sensitive
electric, modeled portion of sensitive elec dryer portion of portion of common
distributed electric aggregated portion of usage aggregate resident electric bills
DHW on DHW resident electric common bills) - (NREL-
resident bills) - (Ecotope electric bills modeled elec dryer
meters); no modeled DHW usage) - (Ecotope
central usage)*(fractio modeled DHW
laundry n of DHW usage usage) *(non-HDD-
which is HDD- sensitive frac of
sensitive) DHW usage)
gas for central Ecotope residence and corridor/common | NREL modeled | (aggregate resident entire common
hot water, modeled area space heat not separated. elec dryer bills) - (NREL- electric bill
corridor heat, DHW Jointly, they are (HDD-sensitive usage modeled elec dryer
and residence usage portion of gas bill) - (Ecotope usage)
heat; no modeled DHW usage)*(fraction
central of DHW usage which is HDD-
laundry sensitive)
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MULTIFAMILY BILLING ANALYSIS: NEW MIDRISE BUILDINGS IN SEATTLE

Appendix B: eQuest Output for Multifamily Prototype

Project/Run: Midrise base gasdhw gascorr - Baseline Design Run Date/Time: 01/14/10 @ 15:34
[ R R -
| Electric Consumption (kWh) i i Gas Consumption (Btu) i
(x000) (x000,000)
60 1201

50 100

40 80

30 60

20 40
10 ! 20
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
[] Area Lighting [ Misc. Equipment B Pumps & Aux. [ water Heating B Space Heatinc
B Task Lighting ] Exterior Usage [ ventilation Fans M ot Pump Supp. O Refrigeration
Electric Consumption (kWh x000)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Space Cool = o = o o o = = o = o = o
Heat Reject. = = = = = = = = = = = = =
Refrigeration - - - - - - - - - - - - -
Space Heat 25.89 13.07 12.45 7.53 0.88 0.09 - - 0.46 4,62 19.84 23.05 107.88
HP Supp. - - - - - - - - - - - - -
Hot Water - - - - - - - - - - - - -
Vent. Fans 1.20 0.96 1.04 0.95 0.90 0.86 0.89 0.89 0.87 0.94 1.10 1.16 11.76
Pumps & Aux. 0.06 0.05 0.06 0.05 0.06 0.05 0.06 0.06 0.05 0.06 0.05 0.06 0.66
Ext. Usage 17.56 15.86 17.56 16.97 17.55 16.99 17.55 17.55 16.99 17.55 17.01 17.56 206.70
Misc. Equip. 11.25 10.16 11.24 10.87 11.24 10.88 11.24 11.24 10.88 11.24 10.89 11.25 132.39
Task Lights = = = = = = = = = = = = =
Area Lights 3.99 3.61 3.99 3.86 3.99 3.86 3.99 3.99 3.86 3.99 3.86 3.99 47.00
Total 59.94 43.70 46,33 40.25 34,62 32.74 33.73 33.73 33.12 38.40 52.75 57.07 506.38
Gas Consumption (Btu x000,000)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Space Cool - - - - - - - - - - - - -
Heat Reject. - - - - - - - - - - - - -
Refrigeration = = = = = = = = = = = = =
Space Heat 51.8 39.7 42.2 32.4 20.9 12.7 6.6 5.3 13.9 26.2 40.8 50.6 343.2
HP Supp. - - - - - - - - - - - - -
Hot Water 59.9 54.4 60.2 57.8 58.5 55.6 56.4 55.9 54.3 56.8 56.1 59.1 684.9
Vent. Fans - - - - - - - - - - - - -
Pumps & Aux. 0.5 0.6 0.7 0.9 1.3 1.4 1.6 1.7 1.4 1.2 0.7 a.5 12.6
Ext. Usage = = = = = = = = = = = = =
Misc. Equip. = = = = = = = = = = = = =
Task Lights = = = = = = = = = = = = =
Area Lights = = = = = = = = = = = = =
Total 112.2 94.7 103.1 91.2 80.7 69.7 64.7 62.9 69.6 84.2 97.6 110.1 1,040.6
eQUEST 3.63.6510 Manthly Energy Consumption by Enduse Page 1
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MULTIFAMILY BILLING ANALYSIS: NEW MIDRISE BUILDINGS IN SEATTLE

Appendix C: Balance Point Discussion

Bearing on this issue of relatively high heating energy use indices (EUls) for corridors/common
spaces vis-a-vis residential spaces are estimates of balance points for common conditioned spaces
and for residential spaces. These were estimated in the course of HDD regressions. Balance points
are essentially the boundary outside air temperature at which heating is first needed to maintain
desired internal temperature. In the absence of internal or solar gains, balance points are equal to
thermostat set points; in the presence of such gains, thermostat set points exceed balance points,
and the difference between them is proportional to internal gains, and inversely proportional to the
heat loss coefficient of the conditioned space. In a typical residential setting for a moderately well-
insulated house, a thermostat set point might exceed the calculated balance point by 10-15
degrees: so a 70°F thermostat set point would not result in space heat generation until the external
temperature dropped to 55°F.

The median estimated corridor/common space temperature balance point in this sample is 65°F;
the median aggregate residential space balance point is 55°F. Mean balance points, as opposed to
medians, are slightly lower but preserve almost exactly the 10°F gap between common and
residential areas. Only in one case—the anomalous #6—is the estimated common space balance
point below the estimated aggregate residential space balance point. It is highly unlikely that this
average 10-degree gap in balance points reflects a 10-degree difference in thermostat setpoints;
rather, it is a reflection of the much greater heat loss in the corridors due to high ventilation rates.
One can speculate, in fact, that in this environment the corridor balance point is perhaps five
degrees below the corridor thermostat set point, whereas residential area thermostat setpoints are
15 degrees higher than their balance points. The 10°F gap in balance points is thus perfectly
compatible with an identical maintained thermostat temperature of ~70°F in both residential and
common areas.
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