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Introduction

The City of Seattle and King County have an interest in reducing the development impacts of
new residential construction on regional energy and water resources, waste management, traffic,
and greenhouse g@roduction. Two commaogreenbuilding rating systems purport to promote
sustainable construction practices that reduce the environmental impact of new construction

the LEED rating systems of the®J) Green Building Council, and the Built Green ratgygtems

of the MasteBuildersAssociation. This study examines the benefits to the region which may
result through the adoption of these rating systems into new building practices. Spedifisally
report focuses on the energy impacts of these ratstgrsg in single and multifamily

construction in the local area (Seattle and King County).

To evaluate the impacts of theo rating systems, we analyzegdiprototype buildings:
a1,850ft>house, a 2,808% house, a duplex consisting of two 1,400dwnhomes, a 6Qnit
mid-rise apartment building with-8tories of wood framing over a amete parking garage, and

a 190unit highrise multifamily building with norcombustible curtainwall construction. Each
prototype building was considered with tw@#g of heating systemsne based on natural gas
and one electrionly. The prototypes were first evaluated built to\tth@shingtorState Energy
Code (WSEC) typical construction standards. We then devefmadge®f energy efficiency
improvements that suld meet the requirements of the various levels of certification for the two
Green Building rating systemshe mandatory energy efficiency levels dictated by the two
programs are shown below for the various certification levels.

Tablel. Energy Savings Requirements for Various Program Levels.

Bult Green _ 4-Star

Single Family Energy Star + low flow faucets Energy Star + low flow faucets +
Prescriptive envelope measures + lighting
measures

Multifamily 15% modeled savings evWSEC 30% modeled savings over WSEC

(LEED ___ Siber ... God

Single Family Energy Star Energy Star

Multifamily 14% modeled COST savings over ASH| 14% modeled COST savings over ASHR/

90.1-2004 90.1-:2004

This report is divided into an analysissifigle fimily andtownhomeconstruction in the first

half of the reporaindhigh-riseand midrise multifamily construction in the secohédlf. The

report is divided in this way because there are large differences in the building characteristics,
rating systems,ral energy savings results betwesamgle family and largemultifamily
constructionA final section discussdke sensitivity of the results to assumptions about building
glazing levels.

! Note that the LEED program offers one higher certification IleRiatinum. This was not evaluated since there are
no additional mandatory ergy measures beyond the requirements for Silver and Gold.

1| Ecotope, Inc.




City of Seattle Department of Planning and Development
ResidentiaEnergyComparison:Built Greerand LEED October2008

SingleFamily and Townhomes

Includedin thissection of theeportareannualenergy use calculations for thneetotype
dwellings: a 1850 ft house, a 280f” house, and a 1400%townhome. The houses are
standalone buildings, while the townhome is modeleahasof twq sideby-side units sharing a
common wall. Eag building is modeled witfour different packages of measures aimed at
reducing energy consumptiamcomparison to 8/SECbhase casé he four packages aré:Star
Built Green,5-StarBuilt Green, LEED Silver, and LEED Gold. The annual energy consumption
is calculated for five categories: Appliances + Plugs, Lighting, Water Heating, Space Cooling,
and Space Heating. Space cooling is @agplicableto the electric path fdBuilt Green 5star

and LEED Gold homeas they havbeen modeled witheat pumps Additionally, the

buildings in the detailed breakdowneall assumed thavea 21% glazingo floor arearatio.

PrimaryFindings

The rating systems relevantgmgle familyconstruction are th8ingle FamilyBuilt Green

program and theEED for Homegrogram.Thefigures below show the relative energy savings
for the prototypesingle familygasheatechouses in terms of percent savings and total savings in
comparison to the WSEC base case building. The 1,260iftling is a single townhome.

Figurel. PercentEnergySavings Compared to 2006 WA State Energy Code (WSEC)
30%

25%

20%

15%

W SF1400
W SF1850

10% - W S5F2800

5% -

0% -

4-Star Built 5-Star Built LEED Silver LEED Gold
Green Green

2 The assumption was thatSar and Gold homes would not likely be sold with electric resistance heating.
However, there is nothing in the programs which prohibit this.
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The programs appear to deliver real savings in most categories of energy use. The two programs
also appear to deliver approximately the same level of savihige 4Star Built Green savings
is 14% and LEED Silver is 18%. TheSiar Built Green and LEED Gold are both 26%.

The majority of the energy efficiency measures delivering savings in the case «$tidreathd

LEED Silver cases are driven by theuggments of the EnergyStar program. Therefore a
similar level of savings could be expected from application of the EnergyStar residential
program. An advantage of the NW EnergyStar program is that it limits the glazing to floor area
ratio to 21% which hels to control the heating load. The extent to which homes would exceed
21% glazing without the limit imposed by these progr&mwst accounted for in the baseline

used to model the energy savings shown here.

Most of the energy savings in theésar and 8ver packages are not due to improvements in the

building envelopeelative to WA State Energy Cotee c ause t hese arenodt req
EnergyStarRather they are due to improvements in heating equipment efficiency, appliances,

water savings, and lightingeasures. These programs are effectively reducing energy use in all

areas except for miscellaneous electrical loads (MELs). MELs are a large fraction of energy use

in residential buildings and are not addressed by any of these programs. Assumptions about

MELSs have a big impact on total anticipated energy use and space heating requirements. These
become more important in smaller wilsulated homes. Future programs should seek a way to

reduce these loads as well.

The most significant difference between thwe rating systems in hot water savings is that Built
Green has no incentive to install ldilow showerheads. By including this important measure in
the Built Green program-gtar Built Green energy savings could be improwvéd minimal

effort.

3| Ecotope, Inc.
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Figure2. Total Energy Saving€ompared to 2006 WSEC
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Thefigure above shows the absolute energy savings for the various packages. Note that the total
savings is strongly linked to the size of the home. This is bespase conditiong and lighting

energy are linked to home size. Larger homes use much more energy, so the potential savings are
larger. An important impact to note is that both LEED and Built Green provide incentives to

build smaller houses which effective, will have a very large impact on residential energy use.

EnergyModeling

The inputs used to create the different pack&gethesingle familyandtownhomeprototypes

are summarized imable2. The parameters were devedopbased on mandatory program

measures, measures that are common in the region, and measures that would yield points in the
relative point system without significant cost or effort. Most of the measures applied #tidre 4

and Silver levels are mandatied the requirement to attain EnergyStar certification. The
EnergyStar program mandates measures for the envelope, lighting, water heating, and
appliancesEnergyStar has much stricter prescriptive requirements for electrically heated
buildings than for budings heated with fossil fuels. Additional mandatorgasuresvere

requiredfor the5-Star and Gold levels of certification.

% Gas usage was converteceftective kWh in order to have a common energy unit for comparison.

4 Ecotope, Inc.
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Table2. Input Parameters forSingleFamily andTownhomeModeling

Base Cas
WSEC 4-Star 5-Star LEED

Component Units | Complant| Built Green Built Green Silver
Envelope
Attic U-Value 0.031 0.026' 0.026 0.026 0.026
Wall- Above Grade U-Value 0.057 0.057 0.04 0.057 0.057
Floors- Over Unheated U-Value 0.029 0.029 0.029 0.029 0.029
Glazing Vertical- Gas U-Value 0.35 0.35 0.3 0.35 0.32
Glazing Vertical- Elec U-Value 0.35 0.3 0.3 0.3 0.3
Glazing % of Floor Area % 21% 21% 21% 21% 21%
Doors RValue 5 5 5 5 5
Ventilation
Effective ACH Gas ACH 0.35 0.35 0.3 0.3 0.3
Effective ACH Elec ACH 0.35 0.19 0.19 0.19 0.19
Heating + Cooling Equipment
GasFired AFUE 80% 90% 90% 90% 92%
Elec- Heating HSPF 3.413 3.413 8.5 3.413 8.6
Heat Pump Cooling SEER NA NA 13 NA 14
Water Heating
GasFired (50 galEF EF 0.58 0.6 0.8 0.6 0.8
Electric (75 gal) EF 0.9 0.93 0.93 0.93 0.93
Distribution Losses % 100% 1059% 105% 100% 100%
Low flow appliance/fixtures % 100% 86.5% 86.5%% 76% 70.7%
Lights/Appliance/Plug Loads
Appliances kKWh'yr 1875 1520 1520 1520 1520
Lighting Density W/Ht? 1.75 1.1 0.8 1.1 0.8
Plugs- Misc kWh/yr 3200 3200 3200 3200 3200
Ducts and Controls
Duct Location Location | Crawlspace Crawlspace Crawlspace Crawlspace Crawlspace
Duct Insulation RValue 6 6 6 6 6
Duct Leakge Supply % leakage 0.12 0.05 0.05 0.05 0.05
Duct Leakage Return % leakage 0.10 0.03 0.03 0.03 0.03
Other Measures and Notes
Tightness Testing No Testing Blower Door Blower Door Blower Door Blower Door
LowFElowEixtures GPM 2.5 shower 25 shpwer 25 shpwer 2 shqwer 1.75 shower

2.5 sinks 1.0 sinks 1.0 sinks 1.0 sinks 1.0 sinks
Lighting Incand | 50% Energy St 75% Energy Sta 50% Energy Sta 75% Energy Stg
Appliances Standard Energy Star Energy Star Energy Star Energy Star

R5 wall foam,

Other Measures Adv. Frame

“ Built Green and LEED buildings assumed to use a raised heel trus8®virRulation. This is not a mandatory
measure but one that is easily accomplished to gain points.
®R-26 walls ae a prerequisite for-Star certification.

® U=0.3 windows and Heat recovery ventilation required by electric prescriptive path for EnergyStar.

" Northwest Energy Star program requires heat recovery ventilation for the electric heat prescriptive jpatiew/ b
door tightness testing.
8 Instantaneous gas water heaters assumedbtarsand Gold homes.
° Penalty taken for hot water recirculation loop installed for water conservation in Built Green homes.

5]
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Water Heating

Water heating energy was derived from regional residenitaheteredata and adjusted to
account for current base water heater efficientfiemt water consumption was assumed to be
based orthe National Energy Conservatiorctstandard 2.5 GPM baseline for all fixtures
(showers, lavs, kitchenand standard appliances. Savings were estimated bakae-thow
fixtures and Energy Star appliances. The most significant difference between tlag¢iigro r
systems in hot water savings is that Built Green has no incentive to iostdlibw
showerheads.

The water heaters in the base case were assumed to be standard efficiency storage tank type
water heaters. The most significant improvement to thikeé gas heated case is to switch to an
on-demand type instantaneous gas water héatéhe 5Star and Gold caseshis is not a

required measure but one that is easily implemented for additional pnahts becoming
increasingly common in the regiofhere is no comparable measure in the electrically heated
case

Appliances

In this study, four major items make up the appliance category: refrigerator, dishwasher, clothes
washer, and clothes dryer (electric). The base case appliances are chosealamtigp

commonlyin use in the Pacific Northwest. For all Built Green and LEED homes, typical Energy
Star appliances are us€d.

Miscellaneous Electric Loads

One constant across all the modglase case, Built Green, and LEED the study are plug

loads, otherwise known as miscellaneous electric loads (MELs). These comprise all electricity
consuming devices found in a house excluding the HVAC sydigiming, hot waterand the

big four appliances mentioned elsewhere. A typical home could &as#yover a hundred

devices in use ovehe course o& year. The highest energgnsumingdevices aréems that

are in use continuously or most days suctelwvisions, cable boxes, VCRs or DVD players,
component stereo systems, computers, microwaeéfee makers, and seatary refrigerators?

10 Carolyn Roos and David BayloNonSpace Heating Etgrical Consumption in Manufactured Homes:
Residential Construction Demonstration Project Cycléittober 1992, Ecotope. Prepared for Bonneville Power
Administration.

' Energy use for Energy Star and standard appliances was derived from a spreasstasdiéor program
evaluations by Tom Eckman for the Oregon Energy Trust.

12 Hendron, Robert. 200BRuilding America Research Benchmark Definition, Updated December 20, 2007
NREL/TP-550-42662. Golden, Colorado: National Renewal Energy Laboratory

6 | Ecotope, Inc.
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The actual total MEL number from house to house vaithvdramatically with lifestyleTo a

lesser degree it will depend tre number of occupants and on floor area. Importantly for this
study, neither Bui Green nor LEED make an attempt to regulate MELs. Therefore, there is no
reason to believe the plug load will vary across any of the gméfigiency paths considered.

The nllémber used in the study i@ kWh/yr which has been suggested by othersaavarage
value

Lighting
The energy used for lighting was calculated by the simple formula:

Annual ighting energyuse (kWh) = LPD x CFA x Hours

Where LPD (W/ff) is lighting power density, CFA @it is conditioned floor area, and Hours
(hrslyr) theaverage number of hours in a year the lights are on.stéindard/alue used for

Hours is 730 hrs/ywhich is an average of 2 hours per day for every light in the H8T$e

LPD is given in Tabld. Energy Star lighting fixtures/lamps are mandated kyBhilt Green

and LEED programsThe most significant impact on lighting energy is to replace incandescent
fixtures with fluorescent fixtures. Bosingle familyprograms require installing a certain

fraction of Energy Star compliant lighting fixtures.igIs an area that could yield additional
energy savings as incandescent lights are eliminated completely.

Space Heating and Coolirffguipment

All of the gas heated homes were assumed to use gas furnaces installed in the garage with ducts
located in the mwlspace. This is not the most efficient setup, but it is the easiest and most
common in the region. Incremental improvement to the efficiehdlye gas furnaces is made in

the program buildingsAdditional improvement could be made by moving the furreamkducts

into the heated envelope of the building.

The electrically heated buildings are assumed to have zonal electric heat exceptf8taithe 5

and Gold buildings which were assumed to have heat pumps. This assumption skews the savings
estimates fothese prototypes as this has a very large impact on predicted savings. It should be
noted that this measure is not required by either program so the savings related to this measure
are not reliably achievedrhe 5star and Gold homes were modeled in Way based on an
assumption that these would be higher cost homes where air conditioning would be expected by
the market.

Ducts are assumed to be insulated to minimum code levels in all cases. Ducts are sealed and
tested in the program buildings and assditeebe marginally sealed in the code base building.

13 Hendrao, Robert. 2006Development of an Energavings Calculation Methodology for Residential
Miscellaneous Electric Load&\REL/CR550-39551. August 2006. Golden, Colorado: National Renewal Energy
Laboratory

4 NW Power and Conservation Council. Regional TézdirForum lighting savings calculators.
http://www.nwcouncil.org/energy/rtf/about.htm

7| Ecotope, Inc.
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Cooling is not installed in any of the prototype buildings. However it is assumed to be used in
the buildings where heat pumps were installed. This increased energy use for air conditioning is
more tharoffset by the reduced heating energy required with a heat pump.

The code base case building is assumed to have combined ventilation and infiltration equal to
0.35 air changes per hour (ACH). This is assumed to correlate with a blower door tightness test
of 7ACH @ 50Pa. The various program levels require blower door tightness tests that correlate
to higher levels o&ir tightnessFurthermore, the NW EnergyStar program requires heat

recovery ventilators in electrically heated homes. Therefore the effgetigation rate for

modeling was adjusted to take into accounthigier level of air tightness and theat recovery
efficiency.

SEEM (Simple Energy and Enthalpy Model)

Thesingle familyprototype building space heating and cooling loads were modéle SEEM,

an energy use simulation model developed at Ecotope. The SEEM program was designed to
model small scale residential building energy use. The program consists of an hourly thermal
simulation and an hourly moisture (humidity) simulation thagrentts with duct, equipment, and
weather parameters to calculate the energy requirements of the building. It uses algorithms
consistent with current ASHRAE, ARI, and ISO calculattendards. Additionally, SEEM &a
beenextensively used in the Northweetestimate conservation measure savings for regional
energy utility policy planner¥’

To create a simulation, SEEM takes a number of input parameters including those for occupancy,
equipment, ducts, envelope, foundatiand infiltration. SEEMenerate a number of outputs
including building UA, heating load, heating equipment input, cooling load, and cooling
equipment input. A sample of the SEEM hourly output calculations used in this report is

included in AppendiA.

BuildingParameters

The buildirgs in the study were conceived of as relatively sidgi&wood framedboxes. The

single familydetached houses are both two level buildimgj#t over a crawlspacoeith a ground

floor garage. The second level sits adamarage and has more conditioriexebr area than the

first. For thetownhome a two unit building was conceived and one unit from the building was
modeled. The building is three levels with the ground level being unconditioned parking space.
Thetownhomeunit benefits from reduced heatsk due to the common wall in the buildirl

of the prototypes were modeled with 21% glazing area to floor area ratio with the glazing equally
divided in the 4 cardinal directionhe building dimensions are specifiedTiable 2.

15 Used by NW Energy Star program, Idaho Power, Puget Sound Energy, Energy Trust of Oregon, and to predict
savings for the 2010 NW Power Plan for the NW Power and CaatgamCouncil.

8 | Ecotope, Inc.
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Table3. SingleFamily andTownhomeBuilding Parameters

| SFDetached  SFTownHouse |
| 1ss0ft | 2800ft  1400ff |
Width HNQ HNQ MYy @T p ¢
Length pHQ TnQ oT ®p Q
Garage Dimensions MHQ E | HnQ E My dtTpQ E
Ceiling Height y Q y Q y Q
Level 1 6nditioned Floor 805 ff 1045 ff 700 €
Area (CFA)
Level 2 Gnditioned Floor 1112 ff 1688 ff 700 €
Area (CFA)
Occupants 3 3 2.5

Internal Gains Energy and Moisture

To accurately model both heating and cooling loads, the internal heat and moistsnegsi be
considered. The internal heat gains were determined based on a function of lighting, appliances,
and occupancy (3 people for SF1850 and SF2808 2.5 people for the towause). In practice

this meansas more energy efficient appliances &glting are used, the internal heating gains

of the building decreases, thus requiring a larger input from the heating systewversely

during days when cooling is required, the input to the cooling system will be less.

Results

The following pagegraphicallypresent the annual energy demands of the prototype houses with
the various packages of measures describ&dlate2. Appendix B contains the data used to

derive the graphsNatural gas energy use has been conveaedtivalenkWh of electrical

energy so that direct comparisons can be made on the basis of edetgyhat this is energy
consumed on the site, so the source of the electrical generation is not taken into account by this
comparison.This leads to galseated buildings using more energy due to the inefitoésn

associated with combustion, and does not penalize the electrical grid for inefficiencies associated
with generation and transmission.

Following the energy comparisons are tables showing thar@@acts of the various prototypes
and measure packagd® calculate the CQemissions, we assume 0.6 metric tons per MWH for
electric us&® and 11.7 Ibs/therm for gas uSeHere the varying contributions of electrical and
gas usage to atmospheric gégcome evidentThis comparison takes into consideration the
source of the electrical energpd inefficiencies associated with generation and transmission
The amount of C@perkWh is based on an assumption that some percentage of all new
electrical genett#on in the region must come from burning natural gas and coal in combustion
turbines.

16 Assumed by the City of Seattle as the CO2 impact of their marginal new electrical generation.
7 US Energy Information Administratiohttp://www.eia.doe.gov/oiaf/1605/coefficients.html

9| Ecotope, Inc.
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Figure3. Annual Site'® Energy Use 1,850ft* Prototype
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Figure4. Amual SiteEnergy Use 2,800 ff Prototype
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18 Site use energy: Natural gas + electricity usechisyniome converted to common energy units.
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Figure5. AnnualSiteEnegy Usec 1,400 ff Townhome
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Figure6. Source Energ€Q Emission¥’ ¢ 1,850ft?
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9 C0O2 emission rates are based on source energy assumptions which account for emissions associated with
electricity generation and distribution.
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Figure7. Source Energ€Q Emissions; 2,800 ff
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Figure8. Source Energ€Q Emissions; One 1,400 ft Townhome
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Analysis

The programs appear to deliver real savings in most categories of energy use other than the
MELs which are unregulated he programs also appear to deliver apprexatly the same levels
of savingsabout 15%or 4-Star or Silver and 25% for-Star or Gold

The 5Star and Gold programs differ in their energy savings measures but produce remarkably
similar savings. Sstar buildings use better insulation on the boddhus reducing space
conditioning loadsbut realize less savings from water heating in comparison with the Gold path.
For instance, &star buildings have a layer of exteriofSRoam insulation on all walls compared
with no additional insulation for @d. In contrast, the Built Green buildings use GBM

shower heads whereas LEED Gakksl.75GPM reducing the water heating load.

The energy savings measures for tketdr and Silver programs are nearly identical. The only
significant differencesaxur betweemow-flow showersand air tightness measurBailt Green

does not provide any incentive for low flow showers, and LEED requires blower door testing to
3.0 ACHfor houses heatg with gas.

The relatively large savings shown for th&tar andsold rated buildings in the electrically

heated path are primarily associated with an assumed switch from electric resistance heat to heat
pumps. This may or may not be a realistic assumption as heat pumps are not required by either
progrant’. The switcha a heat pump improves the savings to 30% for begtab and Gold.

Without a highperformance heat pump, the savings would be similar to the gas path, an
approximate 25% reduction in overall energy use.

' The large savings for the heat pump cases are also in comparésoelaztrically heated code building. This may
not be a fair comparison since a heat pump could also be present in the code building.

13 | Ecotope, Inc.



City of Seattle Department of Planning and Development
ResidentiaEnergyComparison:Built Greerand LEED October2008

Mid and High-Rise Multifamily Buildings

This setion presents the results of our multifamily building analysis. These buildings fall into a
different category for both the Built Green and the LEED programs. The Built Green multifamily
program has just been made available ahthe time of the writingf this reporthas yet to be
applied to any actual buildings. There is no LEED program designed specifically for multifamily
buildings, so these buildings fall under the commercial building progeaD NCwhich was

initially developed for office buildigs. These programs do not produce results that are as
consistent or reliable as the singdeniily programs. The main reastins is true is that the single
family programs are largely prescriptive in nature, requiring specific energy conservation
measures$o be applied. The multifamily programs rely on energy modeling, the results from
which can vary widely depending on the model used, the input assumptions, and the experience
of the modeler. Multifamily buildings also cover a wider range of building tinoes simple

wood frame construction with electric heat to high rise steel and cocargén wallbuildings

with central heating and cooling systerAsother common complication with multifamily

buildings is mixed use buildings including commercial spawethe first floor. This study has

not attempted to address mixed use buildings.

LEED NC and Built GreeMultifamily treat energyointsrather differently. The Built Green
program has specific prerequisites for 4 and 5 Star ratings requiring a mihis% and 30%
energy savings (respectively) in comparison to the WSEC. The LEED program requires a
minimumof 2 points for energy savings (EA credit 1). This requires a minisauimgs of 14%

in energycostfor any certification level in comparison teethSHRAE 90.12004 standard. This
standard falls far short of the WSEC for multifamily buildings. Furthermore, the standard
requires modeling to compare to specific base case mechanical systems which provide a large
benefit for certain mechanical systenheséions while penalizing others. The ASHRAE 90.1
standard regulates only insulation, HVAC efficiencies, commercial lighting, water heating, and
other miscellaneous HVAC loads. It does not regulate appliances or residential lighting, so
savings in this ageare not applicable to the credit totals.

Primary Findings

The rating systems relevant to the larger multifamily buildings are 8t&én Multifamily and

LEED NC. The savings associated with the LEED and Built Green programs are much less
predictable ad robust in the multifamily sector in comparison to sirgle familysector.

Savings vary widely depending on the program (LEED vs. Built Green), the average size of the
units, the type of construction, the glazing fraction, the type of mechanical sgsiene
experience of the energy modeler.

The LEED NC program was written primarily for commercial buildings with offices as the initial
target sector. At this point there is no prescriptive path for achieving energy points infbE&D
multifamily building so a commercidduilding modeling program must be used. Because of this

the energy savings are calculated from a commercial building base case defined by the ASHRAE
90.1 standard' LEED requires a minimum of 14% savingseimergy cosin comparisond

2L ANSI/ASHRAE/IESNA Standard 90-2004. Energy Standard for Buildings Except LRige Residential
Buildings.
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Standard 90.1This standard is not a good base for multifamily buildings due to lax envelope
insulation requirements, poor guidelines regarding baseline domestic hot water (DHW) usage,
residential lighting, appliances, or MELs, and mechanical systammasi®ns based on
commercial buildings.

The envelope requirements of 90.1 are far below what is required by Washington State Energy
Code. For examp]glazing is assumed to have aMdlue of 0.62 in the ASHRAE base case
compared to 0.35 allowed by the BS. This gives a large point advantage to buildings with
higher levels of glazing. Unit size also has a large impact on modeled energy savings. Larger
units have higher heat loss rates and lower relative internal gains so the savings associated with
envelge and heating system improvements are larger. For example, the gas heated high rise
prototype has relatively large units (1289 and a relatively high level of glazing (21%).

Simply building this prototype to the minimum requirements oMi&ECresuls in a 12%

predicted savings over the ASHRAE 90.1 base case. To achieve the minimum 14% savings for
LEED Silver or Gold certification requires only the addition of {tbew showerheads. Many

high rise multifamily buildings are being built in downtown Sleattith even larger unitand

35%or higherglazingfractionswhich makes this effect even more noticealgéh some of

these buildings it will be possible to achieve the required two energy credits simply by meeting
WSEC requirement©n the other handgmaller units with low levels of glazing have a much
harder time earning energy points. This is because as the units get smaller and better insulated
the heating energy becomes very smadl iaternal gains begin to dominafehis makes it hard

to save adrge fraction of the energy by improving the envelope and HVAC system efficiencies.

ASHRAE 90.1 does not regulate appliances or residential lighting, so there are no easy ways to
get credit for appliance and lighting measures under this standard. Thdhef&/EED program
provides no direct incentive to install energy efficient lighting or appliances. This effectively
limits the areas of modeled savings potential to HYAC and domestic hot water and the LEED
program can be expected to yield lower savings fBuilt Green.

The other area that has a large impact on modeled energy savings is the choice of heating
systems. ASHRAE 90.1 defines the base case heating system differently depending on whether
or not the building is heated with electricity or fossgls. The ASHRAE base case mechanical
system for electrically heated buildings includes heat pumps. This means that if your multifamily
building is heated with electric resistance you have to compare against a building with heat
pumps. This makes it veryfficult to demonstrate a high level of energy savings. Furthermore,

the ASHRAE modeling guidelines require the building to be modeled with air conditioning
whether or not any air conditioning equipment exists. Residential equipment is difficult to model
in many commercial modeling programs. All of these effects mean that the modeled energy use
for multifamily buildings rarely relates well to actual metered data.

Inexperienced (or even experienced) modelers can produce widely ranging savings estimates for
the same building depending on input assumptions to the modetarimnstbe over
emphasized. Possibilities for gaming the models abound, but even without intentional gaming,
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the savings estimates from sloppy or inaccurate modeling can be hugely owateskti For

example, larger baseline assumptions on DHW usage can yield very large savings estimates for
low-flow plumbing fixtures. Under estimating internal gains from lights, appliances, and MELs
will drive up predicted heating loads and energy savikigsy default valueand schedules

built into the models are hard to find and not appropriate for multifamily buildings. Therefore
savings estimates for multifamily buildings from ASHRAE 90.1 modeling will not be likely to
yield reliable results.

The Bult Green program avoids some of the problems associated with the ASHRAE 90.1 base

case by using a WSEC base case. However, the program provides no guidelines whatsoever
regarding how savings are to be modeled. The prerequisite for achieviataaBuiltGreen

rating is, ABuilding model ed to Hahisdeaksitd bet t
wide open to a range of programs and modeling conventions that could yield poor results. With

no clearly defined base case the modeler is free to setealigtic base case building so that the

system can be easily gamed. On the other hand it allows a conscientious modeler a more direct
way to account for actual mechanical systems, appliance, hot water, and lighting measures.

Prescriptive measure requirents such as are relied upon in shggle familyprograms would

be a better way to achieve reliable energy savings compared to relying on energy modeling
estimates. If modeling estimates are to be used then the models should be constrained to
specified iputs regarding lighting energy, DHW usage, and internal loads to improve the overall
energy estimates.

The various effects mentioned above mean that laege/ily glazedgas heated buildings can
relaively easily achieve 4 or moenergy pointsn LEED. However, small lightly glazed

electrically heated buildings will be challenged to even meet-far prerequisite. Most

buildings will be able to meet the 15% energy savings prerequisite for Built Gigtm, Hut

very few will be able to achieve 3% savings target forStar certification without applying
measures that are rarely applied in the current multifamily building market in this region. These
measures include triple glazing, wastewater heat recovery, and heat recovery ventilation. This
makes it unlikely that these levels of certification will be attained by a large fraction of the new
multifamily buildings.

One significant area of energy use in these buildings that has largely been overlooked by the
codes, conservation programs, and keylibilding community is the corridor ventilation system.
Our modeling indicates that, depending on how it is configured, this system can easily use as
much heating energy as all of the apartments in the building. The maximum flow rate for these
systems isiot regulated by any code nor are the control methods. Most of these systems
continuously pressurize the corridors with 100% tempered outside air. This is an area that could
yield large energy savings through better design and conservation strategies.

Thefollowing graphs show the energy savings of the prototype buildings compared to the WSEC
for the various packages of measures. Note that the Built Green prototypes achieve the target

2 |Interesthgly modeling errors tend to disproportionately overestimate savings since there is less incentive to find
and fix errors that underestimate savings.
% Built Green Project Checklist: Multifamily 2008 Extended Pilot Master.
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savings by definition since the 15% and 30% savings targets are pséesiar 4 and ftar
certification levels. On the other hand the LEED buildings are only required to attain 14%
savings over ASHRAE 90.1 for any level of certification, so for thenisiel prototype and the

high rise electric prototype the Silver and &bbildings provide the same level of savings since
gaining further points would require expensive uncommon measures to be applied. Only in the
high rise gas heated case do we see relatively easy measures available to increase savings to
achieve 4points br the Gold building.

Figure9. Energy Savings Compared to 2006 WA State Energy (Caake Path
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Figure10. Total Energy SavingsCompared to 2006 WSHGas Path)
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Energy Modeling

TheeQuesenergymodeling program was used to model energy use in the multifamily $&ctor.

The multifamily sector was characterized by two prototypes; arisedwoodframed building

and a higkrise curtain wallbuilding. The energy conservation measures applied to thetype
buildings are shown in the Table 4 in the Results section b&logfollowing subsections

describe how the prototype buildings were developed and modeled to predict annual energy use.

Mechanical Systems

The modeled mechanical systems for thetifiauhily buildings were as follows:

¢ Gas Heating: Central gas boiler wittp#pe fan coils in high rise building and hydronic
radiators in the midise building.

o Electric heating: ipe fan coil with electric heat in high rise and electric baseboards in
the mid rise. Heat pumps were added to the top floor in some cases to achieve point
thresholds.

e Gas water heat: Central water heating system.
e Electric water heat: Tanks in the units.

4 Gas usage was converted to effiee kWh in order to have a common unit of comparison.
% eQuest (Quick Energy Simulation Tool) is based on the DOE2.2 program developed by LBL.
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¢ Air-conditioning: central chiller with fan coils in high rise, no air ctioding in mid
rise.

e Pumping:Variable Frequency Drive pumpinyD).
e Corridor Pressurization: 80&ificientgas makeup air unit.
For the ASHRAE 90.1 base case the modeling protocol requires modeling a PTAC for cooling

with an EER of 8.#, an 80% gas bfar for the gas heated buildings, and Packaged Terminal
Heat Pumps (PTHPs) with a COP of 2.73 for heating in the electric case.

Envelope
The envelope insulation levels assumed for the base case buildings is shown below:

Table4. Base Case Envelope Insulation Levels

Base CasEnvelope 2006WSEC AHSRAE 90-2004

Flat Roof RValue (U) 30 (0.034) 19 (0.065)
Wall- Above Grade RValue (V) 21 (0.057) 19 Metal (0.113)
Floors- Over Unheated RValue(U) 30 0.029 11 ©.089)
Glazing- Vertical U-Val./SHGC 0.4/0.36 0.62/0.39

Wall insulation measures beyond th&Rbase case for code are very rare in the region for
multifamily buildings. Waterproofing consultants mandated by relatively new insurance laws
have been very skepticabout allowing exterior foam insulation due to concerns about moisture
problemsln the high rise construction with metal studs and PT slabs extending to the perimeter
it can be challenging to simply meet the requirements of the energy code for walinaeite.

Ceiling and floor insulation can be increased beyond code minimum, but withstaulti

buildings this is a very small effect. This leaves glazing performance as the only real envelope
measure available. Increments in glazing performance were addegkded to achieve the target
savings. The increment to triple glazing can be relatively affordable in the case of vinyl windows
in punched openings such as in the-mise prototypeand this measuiis recently becoming

more commonln the high riseurtain wall case, however, there are extremely few, if any,
examples in the region.

Appliances, Lighting, MELs

In this study, four major items make up the appliance category: refrigerator, dishwasher, clothes
washer, and clothes dryer (electric). The lms® appliances are chosen as typical units
commonly in use in the Pacific Northwest. For the Built Green case typical Energy Star
appliances are used. Appliance loads are unregulated by 90.1 so there is no incentive under the
LEED program to install eifient appliances.

Likewise lighting inside the residential units is unregulated by LEED so there is no incentive to
install fluorescent lighting fixtures. On the other hand under the Built Green program lighting is

% Even if cooling is not present in the proposed building it must be modeled for 90.1 and is assumed & have th
same efficiency as the base case.
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an important measure to get the buigghrto the 15% and 30% thresholds. As in the single family
prototypes, base case lighting is assumed to be 1f7titl on average used 2 hours per day.

Plug loads (MELSs) are noegulated by either program.mias assumed to be slightly lower in
multifamily than in single family buildings since occupancy is typically lower and there is less
room for miscellaneous electrical appliances. MELs were assumed to amount to 2500KWH/yr.

Results

The following pages graphically present the annual energy demartdsmitotypéuildings

with the various packages of measures described in the &dddee. The most striking

characteristic here is that tBeilt Green program is targeted to achieve a set level of energy
savings in comparison to the WSEC while the LE&DBgram savings vary widely. It should be

noted that the Built Green modeling standards are not well defined, so whether or not the savings
are actually achieved will depend on the quality of the modeling.

The ASHRAE 90.1 base case buildmgresignificantly less energy efficient than the WSEC
base case building. This places the bar very low for the LEED progrdhe case of the gas
heated high rise, ihout any additional measures the WSEC base case building is about 12%
more efficient tan the ASHRA base casé@'his means that to meet the energy savings
prerequisite for the LEED program the building only needs to implement measures saving 2%
over the WSEC base case. This can be achieved simply by adding 1.75GPM showerheads.
Obviously, this is not aigh enough bar for this type of building. There are no other energy
requirements in the program to achieve a Gold rating. However, we assumed that a building
attempting a Gold certification level would likely achieadditionalenergy points a®ng as

they could be achieved relatively easilyn the midrise prototypes and in the high rise electric
prototype only 2 points are easily achieved. To earn more points it would be necessary to install
triple glazing or some type of air or water heat recoveryegysor heat pump heating in the case
of the electric prototypes. Therefore onhp@ints could be reliably expected for Silver or Gold
buildings for these prototypes. In the case of the high rise gas heated building it is easier to
achieve 4 points so itas assumed that the Gold level building would employ those necessary
measures.

The measures used and the associated savings for each cumulative measure are shown in the
tablesand figuresdelow.
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Table5. Measures and SavingsrfMid and HighRise Multifamily Buildings
%Savings | % Savings

Over Over Certification Level /

Measure Description WSEC ASHRAE | points
Mid-Rise Gaddeated LEED Prototype
--- 0.0%| ASHRAE 90.1

Envelope Improvements to WSEC 4.5% | 2006 WSEC

South Overhags 7.1%

Low Flow Plumbing Fixtures 77% water use 11.1%| 1 Point

92% DHW/Space Combo Boiler 13.5%

Variable Speed Pumping HW Loop 14.4%| 2 Pointsg Silver/Gold

Mid-Rise ElectridHeated LEED Prototype
0.0%| ASHRAE 90.1

Envelope Improveents to WSEC 2.9%| 2006 WSEC

South Overhangs 5.1%

Low Flow plumbing 77% water use 11.2%| 1 Point

Better Double Pane Glass 0.40/0.36 > 0.32/0.34 (U/SH( 13.3%

Triple Pane Glass 0.32/0.34 > 0.23/0.25 (U/SHGC) 15.7%| 2 Pointsg Silver/Gold

Mid-Rise GadHeated Built Green Prototype

28

0.0% 2006 WSEC
1KW Solar PV (1150kwh/70 units) 0.2% Prerequisite
Low Flow Plumbing 77% 6.1%

Lighting (1.75>1.0Wt") 9.3%

Lighting (1.0>0.6\\t°) 10.8%

Energy Star Appliances (1800>1500kwh/yr/unit 11.7%

92% DHW/Space Combo Boiler 16.5% 4-Star
Variable Speed Pumping HW Loop 19.9%

Better Double Pane Glass 0.40/0.36 > 0.32/0.34 (U/SH( 23.3%

Triple Pane Glass 0.32/0.34 > 0.23/0.25 (U/SHGC) 25.6%

Corridor HX (65% recovery efficiency) 31.9% 5-Star
Mid-Rise Electriddeated Built Green Prototype

0.0% 2006 WSEC
1KW Solar PV (1150kwh/70 units) 0.2% Prerequisite
Low Flow Plumbing 77% 6.0%

Lighting (1.0>0.6\t?) 11.8%

Energy Star Appliances (1800>1500kwh/yr/unit) 13.0%

Better Double Pane Glass 0.40/0.36 > 0.32/0.34 (U/SH( 16.2% 4-Star
Triple Pane Glass 0.32/0.34 > 0.23/0.25 (U/SHGC) 21.8%

Wastewater HX 24.9%

Corridor HX (65% recovery efficiency) 31.9% 5-Star

2" Note that LEED modeling compared to an ASHRAE base case requires the inclusion of modeled cooling energy
even if no cooling equipment is present.
% An ASHRAE base case was not modeled for the Built Green programianalys
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High-Rise Gadleated LEED
0.0%| ASHRAE 90.1
Envelope Improvements to WSEC 12.0%| 2006 WSEC
Low Flow Showers 83% water use (1.75gpm shower) 14.5%| 2 Points- Silver
Low Flow Lavs anddfhks 15.4%
92% DHW Boiler 17.0%| 3 Points
92% Space Heating Boiler 18.5%
Glass 0.40/0.36 > (68).32 (U/SHGC) 20.4%
Chiller COP from 2.8>3.1 21.2%) 4 Points- Gold
HighRise Electri¢ieated LEED Prototype
0.0%| ASHRAE 90.1
Envelope Improvements to WSEC 8.8% | 2006 WSEC
Low Flow plumbing 77% water use 13.6%
Chiller COP from 2.83 14.7%| 2 Pointsg Silver/Gold

High-Rise Gasleated Built Green Prototype

0.0% 2006 WSEC
1KW Solar PV (1150kwh/190 units) 0.0% Prerequisite
Low Flow Plumbing 77% 5.0%

Lighting (1.75>0.6Wt°) 12.7%

Energy Star Appliances (180080&wh/yr/unit) 13.7%

DHW Boiler 80%>92% 16.1%

Space Heating Boiler 80%>92% 19.6% 4-Star

High Eff Airside Centrifugal Chiller (COP 3.1) 21.7%

Glass 0.40/0.36 > 0.36/0.32 (U/SHGC) 23.7%

WastewaterHX 26.0%

Corridor HX (65% recovery efficiehcy 30.2% 5-Star
HighRise Electri¢Heated Built Green Prototype

0.0% 2006 WSEC
1KW Solar PV (1150kwh/190 units) 0.0% Prerequisite
Low Flow Plumbing 77% 5.4%

Lighting (1.75>0.6WWt°) 11.0%

Energy Star Appliances (1800>1500kwh/yr/unit 11.8%

High Eff Airside Centrifugal Chiller (COP 3.1) 12.7%

Wastewater HX 15.1% 4-Star
Corridor HX (65% recovery efficiency) 22.2%

Glass 0.40/0.36 > 0.36/0.32 (U/SHGC) 24.2%

Triple Glass (0.25/.28) 28.6%

Quad Glass (0.16/0.25) 32.2% 5-Sar
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Figurell. AnnualSiteEnergy UseMid Rise, 887 ftUnit
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Figure13. AnnualSiteEnergy Use, High Risk,232 £ Unit
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Since these programs are not based on prescriptive meakarewdsures applied and trder

that they were applied webased on our owexperience working with developers in this region

and designing these buildinds.the case of the Built Green program measures were added one

at a time until the 15% or 30% thresholds were met. In the case of the LEED program measures
were added until #n2point minimum was attained and then any additional easy or inexpensive
measures were added in the case of the Gold buildiMgxhose the measures that we thought
would be easiest and cheapest fiastd measures which would have the largest impaananal

energy use. These packages of measures ageia@nteedo be the actual measures that would
appear in any given building. Rather they are implemented to demonstrate that the various levels
of conservation are achievable and to provide an exaofhplew they might be achieveNote

that many more conservation measures had to be apphketiitve the Built Green certification

levels than for the LEED certifications. For thé&tar Built Green Buildings we needed to

implement measures which areelgradopted in multifamily buildings in this region (but all of

them have been applied in some buildings that we have been involved with). This included
measures such as heat recovery from the waste water and the ventilation air and triple and quad
glazing It was assumed that since the LEED program does not require these measures that most
LEED buildings would only implement the easy measures after achieving the mandatory 2
points.

It is clear from this analysis that the Built Green program sets a beln veéhachievable but a
reach for most multifamily developers, while the LEEDgyeon does not guarantee any
particularlevel of regional energy savings.
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Glazing Analysis

In addition to home size, another variable that can have a large impact on eeengy us
residential buildingss the amount of glazing installed. The following graph dispthg results

of a parametric analysis examining the effect of glazing area on total eneigysusge family
homes The purpose of the study was to specificaliyestigate if the gains made by following a
Built Green or LEED path are offset by uncontrolled window area. Four window areas were
considered: 15%, 21%, 25%, and 35% of conditioned floor area. The windows are assumed to
be equally distributed aroundetibuilding faces. For reference, the detailed results presented in
the precedingingle familysections are for a 21% glazed building.

The graph shows about a-12% increase in total building energy use associated with the
increase in glazing fractioihis relates to about a Z5% increase in the heating enerljy.
should be noted that th&ED and Built Greemprograms nominally require the buildings to
comply with the Energy Star program. Northwest Energy Star prescriptive standards limit the
glazingarea to no more than 21%. We highly recommend that this limit be maintained and
enforced as it puts a cap on the heat loss rate and thus limits the heating energy required.

Energy use in the multifamily prototypesalsosensitive to both glazingrea ad building

orientation. While glazing fraction in the single family programs is effectively limited to 21% by

the EnergyStar program, there is no similar limit in the multifamily prograims WSEC

provides an unlimited glazing option as a prescriptitepa and t he trend i n fAGr
has been to emphasize daylighting and views over energy efficiency with large expanses of

glazing (frequently flocto-ceiling). This has been inadvertently encouraged by the LEED

program since the baseline window penmiance is a talue of 0.62 while the WSEC

maximum value is 0.35. This has the effect of assigning a large energy savings for heavily glazed
buildings simply for meeting the code requirement.

Note also that in buildings with installed cooling high level glazing increase both the heating
and cooling energy required. The LEED modeling criteria requires modeling of cooling whether
or not cooling is installed. This gives further credit to highly glazed buildings. For example
South overhangs are a measarthe LEED rating system because of the cooling load reduction.
The south overhang measure is not listed in the Built Gregtifamily cases because cooling is
not required to be modeled and this measure results in a slight increase in heating energy.
Overhangs in our region are typically used as cooling control measures where cooling systems
are not installed.

Some method to limit glazing percentage in multifamily buildings should be considered by
future Green Building programs in the region.
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Figue 15. Impactof Varying Glazing Level on Total Energy Use,85@ft* Prototype
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