








climate zone. The asset rating is designed to hgaaticular relevance for real estate
transactions in that it expresses an integral nreasfithe building’s inherent energy
efficiency. The desired attributes of the assengadre listed in Table 23. The ABEL
asset rating will be designated “As Designed” anABEL Label.

Table 23. Desired characteristics for the asset (a@gsigned) rating®”.

» The scale should be readily understandable byehleeistate marketplace and the public and have
general cultural consistency (for example an asogrétter scale wouldn't be good: A as worst
and G as best would be culturally inconsistent).

» The top end of the scale should be consistenttwétNet Zero Energy building movement, and
the Architecture 2030 Challenge.

» The scale should have some consistency with othiltihg labels around the world.

» The top end of the scale should be immediatelygeizable as connoting excellence. There
should be no ambiguity about what is a good saord,what is a better score.

e Because the asset (as designed) rating methodsegynewhat similar to a LEED EA Credit 1
submission, there should be some milestone wittérrating that would indicate likely
compliance with current energy code. This milestaneld be recognizable by consumers. An
asset rating higher than a certain level on thiesgauld be better than code, and lower on the
scale would be worse than code.

» The scale should be compatible with state and l@zplirements being implemented for building
energy disclosure to improve the marketabilitytef tabel.

* The scale should have a consistent logical relatigmwith the operational (in operation) rating
scale, so that different levels of achievementliertwo scales by the same building could have a
consistent meaning for users of the scale.

e The scale should be based upon source energyr thtresite energy, to provide a stronger
relationship to energy consumption related greamsbaas (GHG) emissions.

Creating a method of comparing energy efficienaybiaildings is the primary
intent of this rating. To ensure the validity ofstcomparison, the asset rating
methodology proposes to normalize for the majorseaiof variable energy
consumption in buildings—sources that are natuwakequences of different building
applications and different design intent. These@®iactors, unregulated variables,
include®®

* Schedule of operation
» Schedule of occupancy
* Occupant density

* Occupant installed plug loads

197 ASHRAE Building Energy Labeling Ad Hoc Committégyilding Energy Quotient: Promoting the
Value of Energy Efficiency In the Real Estate Marlkane 2009, p8.

18 |bid, po.
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» Specific climate data related to a location

e Qutdoor air ventilation rates

The asset (as designed) rating achieves this nmatiah by utilizing standard
occupancy and operational schedules, and standaipneent and occupant densities that
have been developed for each occupancy type. iaeaeneters will be developed as
part of the National Energy Protocol SpecificatibiePS) by the Commercial Energy
Services Network (COMNET) project sponsored byNleev Buildings Institute
(NBI)%,

Not only would the NEPS establish methods and patars to standardize the
unregulated variables, but essentially they woubtdkwo define a set of rules for
performing a building energy simulation to evalute fixed variables of a building

design. This protocol would inclutf&

» Standards for accuracy and capability for acceptabkergy analysis programs

» Standard modeling assumptions for the above nomlatsgl variables

» Standard modeling assumptions for operational gha@s for conventional
building systems

» Standards for modeling advanced energy conservateasures and
commissioning

» Standards for energy analysis reporting that tatds verification and
comparison with other projects

However, the standards of the COMNET project ateempected to be delivered
until after the initiation of ABEL, so an interinogrce for standardized non-regulated

occupancy, operational variables, and model buglgirocedures must be utilized.

Should the Waxman-Markey Bill succeed and becomvetlae process aimed at
establishing an advanced energy labeling systemlglembrace both of the NEPS sets

of standards discussed above. Standardizing camnedor the unregulated variables

199 Commercial Energy Services Network (COMNER}p://www.imt.org/comnet.htmlAug 8, 2009.
10 0p cit, ASHRAE Building Energy Labeling Ad Hoc Carittee, p10.
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associated with the CBECS data would improve itgyytand standardizing the building

energy simulations would facilitate comparisonsperational measurements.

The asset (as designed) rating would be one hurined the ratio of the as-
designed source EUI for the building as calculateal building energy simulation using
the NEPS procedures and a “standard” source EUhé&drbuilding type of the same size
range and in the same climate. Without this stahdaplace at the moment, ASHRAE
recommends that for building types covered undefhergy Star program; this value
can be defined using the EPA Target Finder progeantering 50% as the percentile
target, and using occupancy inputs consistent thigrstandard schedules. Success of the
Waxman-Markey Bill and subsequent data compilatidhincrease the coverage of the
building types supported for this procedure. A thmd) whose EUI was equal to the
standard would have an asset (as designed) ratang ef 100. A net zero energy
building would have a score of 0. For mixed usédmgs, the “standard” EUI for a
particular building would be developed by weightthg EUI's of the different
occupancy types according to the floor area of plaaticular occupancy. The equation

below summarizes this discussion.

bEQasset — EUIas-designed XlOO
EUIstandard

An operational rating identifies how much energyeaisting building is actually
using relative to the set of benchmark metricsicglpy taken from the CBECS database.
Energy consumption data may be broken down bytfpa and area for conditioned
space in a building, and may compare site conswmpdi source energy as an indicator
of GHG emissions or carbon footprint. Furthermgperational ratings may compare
efficiencies of energy using systems within buitgir{heating, cooling, fans, lighting,
etc) to gauge operational performance. Operati@iaigs require at least 12 months of
utility-metered data provided directly by the custy or through the customer’s energy
service provider and Portfolio Manager. Table 2dspnts the features of the operational
rating.
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The operational rating will be designated as “Ire@pion” on the ABEL Label.
Like the asset (as designed) rating, the operdt{@naperation) rating is fundamentally
a ratio and may be expressed with the equatiombdfocontrast to the asset rating, it
uses only measured data and no simulations. TheureshEUI is calculated from the
metered fuel types consumed by the building andeated to equivalent source energy.
The median EUI is extracted from Target Finderescdbed above for the asset (as

designed) rating.

bEQoperational = EUlneasureq X 100
EUI median

Table 24. Features of the operational (in operationrating .

» Provides an existing building with a comparativergyy performance rating based on like type
buildings in similar regions with similar charadstics. This will allow building owners to
“measure” improved building performance over timdijle investing in operation and equipmen
improvements.

» Includes energy consumption by major energy usystesn categories, if measured data is
available, thus providing a building system comgami(e.g. envelope, lighting, heating, cooling,
ventilation, and service hot water) with those syt in comparable building types.

* Includes peak demand and fraction of energy pralvfdem renewable sources

» Encourages the undertaking of a building surve (gsit) used to identify measures to improve
energy performance. The building survey will infoamd educate building owners and operators
of discretionary operational choices which will impe both occupant comfort and reduce enengy
usage and will verify that performance measuremestbcols have been properly applied and
operating data is valid.

» ldentifies opportunities for optimizing building engy systems and reducing energy consumption
and peak demand for building owners and operators.

» Utilizes the same scale for a direct comparisoi wie asset rating scale.

» Provides a value for both site and source energg ter common building energy using system

» Leads building owners to invest in energy auditicivimay provide an inventory of energy using
equipment or initiate energy end uses to be medsure

—

4

While ASHRAE recommends using the median EUI fer blilding type and
occupancy parameters as given by EPA’s Target Fiioddoth the asset and operational
ratings in these early days of the prototype systerthe future it intends to calculate the
standard EUI for the asset rating from the basdiunkling design as defined in Standard
90.1 Appendix G. With this approach the most diffipart of developing the asset (as
designed) rating methodology is coordinating tleaadard EUIs for the different building

11 pid, p11.
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occupancy types, size ranges and climate zoneshéthalues for the non-regulated
variables and schedules. The schedules and ocoudansities for each building type as
developed in the NEPS process should be configewrel that the baseline building with
“average” values for the construction variablesutatgd by energy codes, when
simulated using the NEPS non-regulated variables)dvyield an EUI approximately
equal to the “median” EUI from Target Finder. Thadyuilding of “average”
construction when simulated with the standard NE&t&dules and occupancy variables,
would give an EUI approximately equal to the “medigUI used to calculate the
operational rating. This relationship is extremetportant because it would enable the
comparison of theompletely analyticahsset rating with theompletely experimental
operational ratings. Then, if a building were thiage a very good asset (as designed)
rating, yet have a mediocre operational (in opematrating, one could conclude that the
building operations, either density variances aatlan of daily use fluctuations or
possibly operational difficulties were the reasonifs operational (in operation) rating

performance.

A.2.2.2 ASHRAE Quiality control

To ensure the quality of the simulations and thaituof the measurements,

ASHRAE requires three types of certifications:

* Building energy modelers
* Building energy assessors

* Simulation software

Initially ASHRAE proposes that registered ProfeasicEngineers (PE) will
oversee both the work of the buildings energy merdedind assessors. However, this
interim procedure will transition to a formal syst¢ghat COMNET is currently
researching® To ensure the credibility of the system, COMNEIll provide
certification standards for raters of commercialdings. RESNET, which has a
comprehensive system for certifying trainers, gtand field inspectors for the home

energy rating program as described in Section Ad#drs a tested starting point for

12 0p cit, Commercial Energy Services Network (COMNET
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developing COMNET certification protocols. HowevEOMNET certification will have
to reflect many technical and institutional factarsque to the commercial sector.
RESNET and the Institute for Market TransformatithT), under the supervision of
NBI, are currently developing criteria and procesufor certification of individuals and
institutions involved with COMNET training and ingshentation. A primary goal of this
work will be to maximize compatibility with existincertification processes already in

place among professional societies and governmkcgaking agencies.

The ASHRAE certification program for simulation seére was the first codified
method of test for building energy software in wharld**® and has been operational since
2001. Building simulation programs must meet trgpineements of ASHRAE 90.1,
Informative Appendix G, Section G2.2 Simulation gham and achieve certification
under ASHRAE Standard 140-2087andard Method of Test for the Evaluation of
Building Energy Analysis Computer Prograrasirthermore, building energy simulations
must be performed in accordance with the latesiorrof ASHRAE Standard 90.1,
Informative Appendix G, Performance Rating Methatl.accredited software is listed in
Table 25.

3R, Judkoff and J. Neymark, “Model Validation anesting: The Methodological Foundation of
ASHRAE Standard 140", NREL/CP-550-40360, July 2008,
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Table 25. ASHRAE Standard 140-2007 accredited sofawe tools™*

EnergyGauge Summit

Product EnergyPlus version 3.1.0.027 DOE-2.1E-JJH Vv ersion 130 version 3.20
Company U. S. Department of Energy EE-2J The Weidt Group Florida Solar Energy
Address 1 1000 Independence Avenue SW 5800 Baker Road 1679 Clearlake Road
Address 2 Washington, DC 20585-0121 Minnetonka, MN 55345 Cocoa, Florida 39922
Phone (952) 938-1588 (321) 638-1410
Email Drury.Crawley@ee.doe.gov jasons@twgi.com swami@fsec.ucf.edu
Website http://www.energyplus.gov http://www.energygauge.com
Contact Drury Crawley Jason Steinbock Dr. Muthusamy Swami
Effective
Date 8-May-09 5-Nov-07 5-Jun-09
Autodesk Green Building Hourly Analysis Program
Product EnerSim version 07.11.30 Studio web service version 3.4 version 4.41.0.6
Carrier / United Technologies
Company Southern Company Services Green Building Studio, Inc Corporation
Address 1 241 Ralph McGill Boulevard 444 Tenth Street Suite 300 P. O. Box 4808
Address 2 Atlanta, Georgia 30308 Santa Rosa, California 95401 Syracuse, New York 13221
Phone (404) 506-3717 (707) 569-7373 (800) 253-1794
Software.systems@carrier.ut

Email ARBhiman@southernco.com info@greenbuildingstudio.com c.com
Website http://www.autodesk.com
Contact Mr. Ambavi Bhimani John F. Kennedy
Effective
Date 6-Dec-07 16-Oct-08 10-Apr-09

Owens Corning Commercial

Energy Calculator (OC-CEC)
Product version 1.1 TRACE 700 version 6.1.2.0
Company Green Building Studio, Inc TRANE
Address 1 444 Tenth Street Suite 300 3600 Pammel Creek Road
Address 2 Santa Rosa, California 95401 LaCrosse, Wisconsin 54601
Phone (707) 569-7373 (608) 787-3926
Email info@greenbuildingstudio.com CDSHelp@trane.com

Www.owenscorning.com/comminsul
Website /calculator.asp www.tranecds.com
Contact John F. Kennedy
Effective
Date 14-Aug-07 9-Nov-07

The ASHRAE standard method for testing is useddentifying and diagnosing

predictive differences from whole building energyslation software that may possibly

14 Tax Deduction Qualified Softwarkttp://www.buildings.energy.gov/qualified_softwarenl, Aug 8,

2009.
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be caused by algorithmic differences, modelingtitions, input differences, or coding

errors. The current categories for tests incltitle

* comparative tests that focus on building thermaktpe and fabric loads and

mechanical equipment performance
» analytical verification tests that focus on mechahequipment performance.

The tests summarized in Table 26 constitute theatiwaalidation methodology.
These cases test software over a broad range arhpé#ic interactions and for a number
of different output types, thus minimizing the charfor concealment of algorithmic
differences by compensating errors. Different bogdenergy simulation programs,
representing different degrees of modeling compyexian be tested. However, some of
the tests may be incompatible with some buildingrgy simulation programs.

Of course these tests are a subset of all thelpedssts that could occur. A large
amount of effort has gone into establishing a seqe®f tests that exercise many of the
thermal models relevant to simulating the energjopmance of a building and its
mechanical equipment. However, because buildingggr@mulation software operates
in an immense parameter space, it is impracticedsbevery combination of parameters

over every possible range of function.

115 ASHRAE Standing Standard Project Committee 14HRSE STANDARD 140: Standard Method of
Test for the Evaluation of Building Energy Analy§iemputer Programs, 2007, p1.
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Table 26. Software verification tests for ASHRAE csification .

Building Thermal Envelope and Fabric Load Base Case The base building plan is a low
mass, rectangular single zone with no interiorifiants.

Building Thermal Envelope and Fabric Load Basic Tets — The basic tests analyze the ability
of software to model building envelope loads ima mass configuration with the following
variations: window orientation, shading deviceshaek thermostat, and night ventilation.
Building Thermal Envelope and Fabric Load In- Depth Tests— In-depth Cases 195 through
320 analyze the ability of software to model buitgienvelope loads for a non-deadband on/off
thermostat control configuration with the followingriations among the cases: no windows,
opaque windows, exterior infrared emittance, imeinfrared emittance, infiltration, internal
gains, exterior shortwave absorptance, south galias, interior shortwave absorptance, windo
orientation, shading devices, and thermostat setfdn-depth Cases 395 through 440, 800, ar
810 analyze the ability of software to model builglenvelope loads in a deadband thermostat
control configuration with the following variationso windows, opaque windows, infiltration,

internal gains, exterior shortwave absorptancethssalar gains, interior shortwave absorptance

and thermal mass.

Space-Cooling Equipment Performance Analytical Vefication Base Case- The
configuration of the basecase (Case E100) buildisgnear-adiabatic rectangular single zone
only user-specified internal gains to drive steathte cooling load. Mechanical equipment
specifications represent a simple unitary vaporqm@ssion cooling system or, more precisely,
split-system, air-cooled condensing unit with athoior evaporator coil.

Space-Cooling Equipment Performance Parameter Varigon Analytical Verification Tests —
In these steady-state cases (cases E110 throudl), EH2@ following parameters are varied:
sensible internal gains, latent internal gains gzthermostat setpoint entering dry-bulb
temperature (EDB), and outdoor dry bulb temperatOieB).

Space-Cooling Equipment Performance Comparative Té8ase Case- The configuration of
this base case (Case CE300) is a near-adiabatamgedar single zone with user-specified inter
gains and outside air to drive dynamic (hourly uagy loads. The cases apply realistic, hourly
varying annual weather data for a hot and huminaié. The mechanical system is a vapor-
compression cooling system similar to that desdrineCase E100, except that it is a larger
system and includes an expanded performance datasing a wider range of operating
conditions.

Space-Cooling Equipment Performance Comparative Tés— In these cases (cases CE310
through CE545), which apply the same weather datéaase CE300, the following parameters g
varied: sensible internal gains, latent internahgainfiltration rate, outside air fraction, thesgatat
setpoints, and economizer control settings.

Space-Heating Equipment Performance Analytical Vefication Base Case- The
configuration of the basecase (Case HE100) builgirggrectangular single zone near adiabatic
five faces with one heat exchange surface (the réddchanical equipment specifications
represent a simple unitary fuel-fired furnace vetbirculating fan and a draft fan.
Space-Heating Equipment Performance Analytical Vefication Tests— In these cases (cases
HE110 through HE170), the following parametersvanged: efficiency, weather (resulting in
different load conditions from full load to partald to no load to time-varying load), circulating
fan operation, and draft fan operation.

Space-Heating Equipment Performance Comparative Tés— In these cases (cases HE210
through HE230), the following parameters are vaneeather (realistic temperature conditions

vith
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used), thermostat control strategy, and furnaa (sindersized furnace).

1% bid, p5.
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A.2.2.3 ASHRAE Rollout plan

Given the downturn in the economy and the potefiglenerate jobs with
remediation projects, the threat of climate chaag#resource depletion, and the
opportunity to offer a viable building energy label program, ASHRAE appears to be
aggressively pushing its proposed labeling progiamard. While it established its
Building Energy Labeling Ad Hoc Committee during threvious administration and
Congress, it surely senses the opportunity at fanithe timely implementation of this
program. In June 2009 it published the results mfodotype effort to assess and label its
technically advanced headquarters in Atlanta, aambanced the schedule for its program

as shown in Table 27.

Table 27. The recommendation of the ABEL Committeéor the implementation schedule (dated
June 9, 2009}"".

< Prototype operational (in operation) label reveatdnnual summer
June 2009 meeting
» Label and certificate graphics finalized
* Preliminary list of additional technical needs itited and sent to relevant
technical committees (Including data sources falding types)
« Initiation of ASHRAE ABEL Committee to take over megement of the
program
August 2009 e ldentify criteria for Qualified Energy Assessor
* Preliminary website launched
* ldentify education and publication needs
» Develop web-based submission tools and backgroatabdse set-up
« Establish quality control criteria
e Publish checklists and other support documents

September 2009 e Publish operational (in operation) rating instrantimanual
e Launch operational (in operation) rating portiortiu label
November 2009 e Begin marketing campaign

*  Work with other organizations to implement
* ldentify requirements for modeling software to puod label
documentation
January 2010 e Launch certified energy modeler program (name éstification TBD)
* Abel implementation report — June 9, 2009 finaftdra
* Initiate ASHRAE Guideline on Technical Rating Prese
* Implement operational (in operation) rating renepralcess

March 2010 * Launch asset (as designed) rating portion of thella
e Publish asset (as designed) rating instruction @anu
June 2010 e Finalize program

17 0p cit, ASHRAE Building Energy Labeling Ad Hoc Carittee, p24.
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A.2.3 Energy Star 2011
While the Energy Star Qualified Homes program du@sapply to commercial

buildings, developments in this sphere may be guale to developments on the
commercial side. Consequently the next versionn&frgy Star is interesting for it
changes and enhancements. Currently in its secardibn” since 1995, analysis and
field observations during the decade resulted pearnce which revealed several
previously untapped opportunities for significamtreases in energy and GHG emission
savings from the program. In many respects, thasgations are often good building
science practices that are simply neglected. Therieasures proposed for the 2011

Energy Star Qualified Homes program are as foltofvs

* Quality control of installation/commissioning

* Hot water delivery efficiency

» More efficient lighting and appliances

» Improving the equivalence between the performandepaescriptive paths and
improving adoption of market-transforming technaoésgand practices

* Addressing absolute house size and carbon footprint

The public comment period was open through July2009.

A.23.1 Quiality control of installation/commissionng

At the beginning of this Section, A.2 Emerging gydiabeling standards on page
142, we noted that states organized in NEEP weydrag for increased energy efficiency
through building energy codes, building energy liaige and code enforcement. Energy
Star 2011 recommends increased emphasis on tae latt

Despite increases in the “claimed” performancedeslifor insulation and HVAC

equipment, poor quality installation and commissigroften occurs resulting in a failure

18 Energy Star Program, Overview of Evolving ENERGYAR Qualified Homes Program &
Methodology for Estimating Savings, May 5, 2009,53
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to achieve the full potential of energy savingsmbwon examples of poor installation

and commissioning practices incldtfe

Insulation with voids, gaps, compression and lacklignment between the air
barrier and thermal surfaces, producing conve@na:conductive bypasses that
seriously compromise effective insulating value

High framing factors that allow parallel-path thedrbypasses through un-
insulated studs

Air conditioning units with significant over-sizingnproper refrigerant charge,
and incorrect air-flow across the coil that sigrafitly degrades the achievable
performance of the unit

Furnaces, heat pumps, and air-conditioners couwpitdduct systems that are

leaky, inadequately insulated, and with high pressinops

Even though quality control of installation and earssioning is often legislated

in residential energy codes, field observationscaue that it is often not being enforced

or adequately inspected perhaps due to code irspelatck of training, budgetary

constraints, or indifference. Regardless of catleelack of proper installation and

commissioning also jeopardizes the delivery of BpeStar qualified homes that meet

expected performance levels.

To address concerns about proper installation andrassioning, the 2011

guidelines integrate additional checklists to timgle thermal bypass inspection and

require third-party verified quality control. Thew checklists are:

Framing quality checklist

HVAC quality contractor checklist
HVAC quality rater checklist
Indoor air quality checklist

Water-managed construction checklist

Enforcement will be carried out primarily by ratéiheugh, in some cases,

builders and contractors may complete certain tuatisurance activities with oversight

119 |hid, p3.
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from raters. EPA analysis indicates that signiftqaotential energy savings are possible

with implementation of these checklists.

A.2.3.2 Hot water delivery efficiency

A renewed focus is also being placed on the rednaif hot water heating loads,
which in the prior two “versions” of the Energy Btuidelines have only been
incrementally addressed with nominal improvementhé energy factor of Energy Star
qualified water heaters. Research indicates tihge lmcreases in effectivenergy factors
would result from the following measuré%

* Hot water conservation measures (e.g., low-flowsdrbeads, Energy Star
qualified clothes washers, Energy Star qualifieshdiashers)
» Efficient hot water distribution systems that use of the following strategies:
0 Structured plumbing
o Manifold layouts

o Demand controlled pumping systems

Because of the cost-effectiveness of these measbegsbecome mandatory in
the 2011 guidelines.

A.2.3.3 More efficient lighting and appliances

Leveraging Energy Star rating for lighting and a@ptes, the EPA will require
the adoption of either the Advanced Lighting Paek&dP), which requires a minimum
of 60% of all hardwired fixtures to be Energy S{aalified, or the use of 80% screw-in
Energy Star qualified CFLs. Furthermore to addsasgéngs available from lighting and
plug-loads and to promote integration with otheekgy Star qualified products, the 2011
guidelines will require that all major consumer kgmces (e.qg., dishwasher, refrigerator,
clothes washer), bathroom exhaust fans, and cddingjinstalled during construction of
the home be Energy Star qualified. Both of thesasuees will be mandatory

requirements in the 2011 guidelines.

120 |bid, p4.
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A.2.34 Improving the equivalence between the penfmance and
prescriptive paths and improving adoption of markettransforming
technologies and practices

To date the Energy Star Qualified Homes programired a fixed HERS index
value. As presented in Section 4.2.2, an Energydbialified home must implement
energy efficiency measures to achieve a HERS infi@0 in mixed/cold climate zones
or 85 in hot climate zones. Unfortunately, whilegig the energy efficiency measures
constant and simply changing one or more desigurfes, the HERS index could be
manipulated to vary significantly. Such design anbes, which are largely not

influenced by the Energy Star Qualified Homes paogrincludé®:

* Fuel choice for space and water heating (e.g.,aband electric)

* House size and dimensions

» Degree of attachment to other structures (i.eglsifamily detached vs. multi-
family)

» Geographic locations within the same climate zon@cross a nearby climate
zone boundary

* Foundation construction (e.g., basement, crawlespdab-on-grade)

* Number of bedrooms

* Number of stories

Given a constant set of energy efficiency featureliyidual design features can
alter the HERS index up to several points eachimedmbination to more than 15
points. As a result, a home could be thrown intowrof program compliance without
changing any energy efficiency measures promotetid¥nergy Star Qualified Homes
program. This unintended consequence interferdstivt market transforming goal of
the program—recognizing and rewarding builders tfzate changed their building
practices relative to non-participants to creaggfquality energy efficient homes, and
thereby to create value in the marketplace forij@dlhomes. If a large two-story

basement home in a cold climate can qualify wigmidicantly fewer improvements than

121 |bid, p4.
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a smaller single-story slab-on-grade home next,dben the metrics fail to recognize

homes that are meaningfully more efficient.

To advance toward a more equitable assessment doddlgy, the EPA has
proposed a new Energy Star Reference Design hoetefasthe performance path. The
characteristics of this new Energy Star Referenesigh home closely follow EPA’s
prescriptive qualification requirements. For theekgy Star Reference Design home, any
given proposed home would be modeled using aceckditing software and these
prescriptive requirements, and then compared t&B®'s reference home with modified
modeling rule set. The resulting HERS Index wotleht be used as the base HERS Index
for that home. This base HERS Index would be furthedified by a size adjustment

factor, if necessary, to arrive at the qualifyingRS Index for the proposed hotffe

Not only does this approach eliminate the problassociated with disparities in
HERS scores caused by differences in the desigarésaas listed above, but it enables
the program to achieve true parity between theopexdnce path and the prescriptive
(Builder Option Package) bundle of available, cefé¢ctive Energy Star qualified
equipment and products. In addition it allows timeiEgy Star HERS index target to

automatically adapt to changes in the:

» HERS reference home
* HERS algorithms

* Energy Star Qualified Homes prescriptive path

A.2.35 Addressing absolute house size and carbavofprint

One of the advantages of the revised definitiortHerperformance path discussed
above is to take away the “per-square-foot” perfmoe bias for large homes. With
earlier versions of the guidelines, a 5,500 sdidtme could qualify for Energy Star more
easily than a similarly constructed 1,500 sq.dmle, even though it might consume
more energy and produce more greenhouse gas ensigsiaip to a factor three. After

careful analysis EPA will adopt a policy to “rewappropriate smallness” and “penalize

12 RESNET, RESNET Summary and Positions On EPA’s &seg 2011 ENERGY STAR New Homes
Guidelines (v3.0), June 19, 2009, p4.
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wasteful largenes$®. To accomplish this, a decreased HERS index illdguired for
homes larger than the average size new homes dyrbeng built with the same

number of bedrooms.

The size of today’s 1.00

“average” home with a given

guantity of bedrooms has a

conditioned floor area (CFA)

referred to as the baseline size. The

Size Adjustment Factor (SAF)

CFA for the baseline size is shown

in Table 28. For homes larger than 0.75 +
1.00 1.25 1.50 1.75 2.00 2.25 2.50

the baseline size, the required HER

Proposed Size / Baseline Size

index value for Energy Star Figure 44. EPA’s proposed Size Adjustment Factor (&F)

qualification is decreased by shown relative to the ratio of the proposed size dided by
EPA’s baseline size. Ref: RESNET Summary and Pogitis
multiplying by the following size  On EPA’s Proposed 2011 ENERGY STAR New Homes

] Guidelines (v3.0), June 19, 2009, p7.
adjustment factor (SAF) taken from

Figure 44.

Table 28. Conditioned floor area of baseline sizef given quantity of bedrooms?®*

Bedrooms in Home to be Built 1 2 3 4 5 6 7 8
CFA of the baseline size ﬁ't 1,000 1,600 2,200 2,800 3,400 4,000 4,606,200

There are two additional constraints regardingaamnent of the resulting HERS

index value for homes larger than the baselindSize

* The HERS index of the Energy Star Reference Designe must include the use

of all renewable energy generated on-site.

* The reduction in HERS index imposed by the appbcadf the size adjustment
factor can be met by the use of renewable enenggrgéed on-site as well as by

any combination of conservation measures.

123 Op cit, Energy Star Program, p5.
124 |bid, p5.
125 |bid, p6.
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A.2.4 LEED 2009

The recent publication of “LEEDing from Behind: TRése and fall of Green

"126 reviews the shortcomings of the LEED rating syséem its failure to

Building
properly weight energy efficiency given the statelonate change and the weakened
economy. “[l]n its own study last year of 121 newldings certified through 2006, the
Green Building Council found that more than half53-percent — did not qualify for the
Energy Star label and 15 percent scored below 3@ainprogram, meaning they used
more energy per square foot than at least 70 peoé@omparable buildings in the
existing national stock'?” However, the USGBC is only a few months away from
launching LEED v3.0, also known as LEED 2009, dns imaking changes aimed at
increasing the weighting of energy efficiency. TaBb compares the current LEED 2.2
with the new algorithm for LEED 2009. Inspectioneals that the “Energy and
atmosphere” category has moved from an overall ht&§25% to 32%—a significant
increase. However, the subcategory for efficieri®p{imize energy performance”) has
only nudged up a few percent. Consequently, thelE&ing will continue to

effectively hide the significance of building engrgfficiency from the public.

126 pat Murphy, “LEEDing from Behind: The Rise andIfdlGreen Building,"New SolutionsCommunity
Solutions, May-June 2009.

127 Mireya Navarro, “Some Buildings Not Living Up tar€&n Label, " The New York Time&ugust 31,
20009.
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Table 29. Comparisons for LEED 2.2 and LEED 2009.

Version LEED 2.2 LEED 2009

Category Points % Points %
Energy and atmosphere 17 25% 35 32%

Optimize energy performance 10 14% 19 17%

Onsite renewable energy 3 7

Enhanced commissioning 1 2

Enhanced refrigerant management 1 2

Measurement and verification 1 3

Purchase green power 1 2
Indoor environmental quality 15 22% 15 14%
Sustainable sites 14 20% 26 24%
Materials and resources 13 19% 14 13%
Water efficiency 5 7% 10 9%
Innovation and design process 5 7% 6 5%
Regional bonus credits 0 0% 4 4%
Totals 69 100% 110 100%

With 2 mandatory points in the efficiencyTable 30. Distribution of LEED 2009

. L points for efficiency. Points are allocated
category to qualify for certification (see Table on the basis of the percentage reduction of

the EUI for the proposed building with
30), the threshold for all LEED ratings remains at

New Buildings Points

14% below the EUI calculated for the standard 1204 L (Ve

reference building as defined by 14% 2 Points
ASHRAE/IESNA Standard 90.1-2007 Appendi> igz//" 3
() 4
G. However, since this standard is approximate 20% 5
5% more efficient than the previous 22% 6
ASHRAE/IESNA Standard 90.1-2004, the gg;’f’ ;
0

qualifying threshold for LEED ratings has move 28% 9
down 5% as well. While any energy conservatit 30% 10
: N . o ) 32% 11
discernment is hidden in a quantitative sense, ¢ 34% 15
least the threshold effect, pass/fail, may prever 36% 13
some business-as-usual buildings from achievi 38% 14
LEED certificati 40% 15
certification. 420 16
- _ 44% 17
A.2.5 Building energy benchmarking 46% 18
48% 19
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Building energy benchmarking is similar to buildiegergy labeling—only the
plaque on the wall of the building is missing. Asname suggests, “benchmarking”
involves gathering energy performance data fromraipey buildings and comparing
with the building inventory, typically CBECS. If ocdinated with an energy service
provider, the use of Portfolio Manager can enahlessentially continuous automated
monitoring process, which can detect problemaginds in building operations for the

building owner or manager.

Some states and cities are now taking benchmat&iadevel just short of
labeling. These jurisdictions are requiring thataie classes of building collect this data.
Frequently these buildings are government ownethepare not inflicting what should
be perceived as good practice on the private sddtawever in California, which is
known for innovative standards in environmentaldigion, nonresidential building
owners were required to start collecting buildimgrgy consumption data on January 1,
2009 under California’s Assembly Bill 1103 (AB 1)0State owned buildings were
already subject to this requirement. As of Jandar3010, the most recent 12 months of
this data must be made available to parties imanoercial real estate transaction
involving the sale, lease or financing ofvaolebuilding. According to the California
Energy Commission (CE&Y, the intent of the law is “commercial valuationesfergy

usage” during a financial transaction, just asrflaea is valued.

The CEC has a work group in place to create thelaégns regarding
California’s AB 1103. They will need to addresauiss such as an implementation
schedules, how exactly the benchmarked data willifgdosed, and what to do about
exceptional spaces, e.g. buildings vacant for nerlecause many building types in
California extend beyond the types supported byfélm Manager and consequently can
not be rated through Portfolio Manager, the CECoissidering a statewide assessment
that would offer a California-specific rating sathhese building types can be compared

to their peers within Californfa’. The initiatives proposed in the Waxman-Markey

128 Naomi Millan California AB 1103 Requires Energy BenchmarkingDaeleased During Sales,
http://www.facilitiesnet.com/energyefficiency/ateféCalifornia-AB-1103-Requires-Energy-
Benchmarking-Data-Released-During-Sales--11&apt 19, 2009.

29 pid.

165



legislation if passed and implemented would co@6 ®f these exceptional types and

obviate the need for this California effort.

California is not alone with its energy use disaleslegislation. Washington,
D.C., also passed a benchmarking law for all n@dential facilities, extending the
disclosure requirements stipulating that data mélimade available to the public through
Portfolio Manager with the program starting in Jary2010 and full implementation by
2013. Table 31 summarizes these nationwide bendmmgaefforts, which use EPA
standards.

Table 31. Benchmarking policies leveraging Energytar tools*®,

State/Municipality | Policy Summary
Borough of West | Borough This Ordinance requires new commercial construdtone
Chester, PA Ordinance Designed to Earn the ENERGY STAR and benchmarked

annually in EPA’s Portfolio Manager.

City of Austin, TX | ECAD Ordinance| Austin’s Energy Conservation Audit and Disclosumei@ance

for Owners of requires that eligible commercial facilities caktal their
Commercial energy performance ratings not later than JunQ®], using
Buildings a rating system approved by the director of thetiduslectric

Utility. Facilities must disclose this informatido a purchaser
or prospective purchaser of the facility beforetihee of sale.

The City has defined EPA’s Portfolio Manager asdhproved
system for buildings with more than 5,000 squaes ¢ space.

City of Denver, Executive Order | Executive Order 123 requires new construction aagbm
Cco 123 renovations of existing and future city-owned apémated
buildings to be Designed to Earn the ENERGY STAR an
benchmarked in EPA’s Portfolio Manager.

District of Green Building The Green Building Act of 2006 requires Districtiusd
Columbia Act of 2006 commercial buildings to be “Designed to achievep@bits on
the EPA national energy performance rating system a

,i}?oarg;t?l(ej Ener determined by the ENERGY STAR Target Finder toolti a
Act of 2008 9| penchmarked annually in EPA’s Portfolio Managere Tean

and Affordable Energy Act of 2008 requires thagihaing in
2010, eligible privately-owned commercial buildings
benchmarked using Portfolio Manager on an annusitba
Statements of energy performance will be publisired
publicly available online database.

State of CA AB 1103, 2007 Assembly Bill 1103 regsiras of January 1, 2009, electric
and gas utilities to maintain and make availableuitding
owners the energy consumption data of all nonresiale

130EPA, State and local governments leveraging Enstgy, June 3, 2009, p1,
http://www.energystar.gov/ia/business/governmeatéSt ocal_Govts_Leveraging_ES.pdf
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buildings in a format compatible for uploading tBAs
Portfolio Manager. It also requires, as of Januarg010, that g
nonresidential building owner or operator disclBsetfolio
Manager benchmarking data and ratings to a praspdutyer,
lessee, or lender as part of a whole-building @atisn.

State of Ml

EO 2005-4, 2005

Executive Order 200®4guires the Department of
Management and Budget to establish an energy effigi
savings target for all state buildings managedey t
Department or another department or agency witien t
Executive Branch of state government. It requihed all state
buildings occupied by state employees be benchrdarkimg
EPA's Portfolio Manager.

State of OH

EO 2007-02

Executive Order 2007-02bdistees that the State of Ohio wi
use EPA’s Portfolio Manager as the benchmarkingftowo
state-owned facilities to establish building basedi and
measure and track energy use and carbon emissithis the
state.

State of WA

SB 5854 - 2009-
10

SB 5854 - 2009-10 requires qualifying utilitiesnaintain
records of energy data of all nonresidential custenand
qualifying public agency buildings in a format coatiple with
EPA's Portfolio Manager. The State will use Poitidllanager
for state-owned facilities and make resulting egerg
performance metrics publically available. Beginnin@010,
eligible privately-owned commercial buildings aeguired to
be benchmarked using Portfolio Manager and reguttietrics
will be disclosed to a prospective buyer, lesseésrader. For
new construction, the WA Department of Communitsade,
and Economic Development must determine the apatepr
methodology to measure achievement of state ervergy
targets using EPA’s Target Finder or equivalentirodblogy.
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B  Appendix—Methodology for simulations

After the discussions in Chapter 4 and Appendix Aating building energy
labeling schemes, | anticipated that the caseesunfiAPS schools could provide not
only insights into the building energy labeling pesses, but offer the opportunity to
learn about energy analysis tools, their strengtitsweaknesses, their appropriate use,
and the level of effort required to use them. Eppendix describes the approach for my
modeling and the calculations of EUIs for designs.

B.1 EnergyPlus

| chose EnergyPlus as the software for all energgleting for these case studies
for three primary reasons: 1) it is the flagshipl tor modeling today, 2) it is certified to
meet ASHRAE 90.1 Appendix G performance requireseantd 3) it is public domain
software. EnergyPlus is the direct descendant ofawossal efforts sponsored by the US
government: DOEZ2 from the Department of Energyiggredecessors, and BLAST
from the Department of Defense. Each had their stnengths and when merged, the
code had more capability than any other energysprart simulation package.
Furthermore as the research community developeiti@ta energy transport
algorithms, those with general applications wenggubinto the EnergyPlus environment.
At the time of the merger the original Fortran s®ucode was basically abandoned and

the code rewritten to enhance ease of maintenantteae enhancements.

As a public domain code it is available for freewvtddpads to all and consequently
available to all design firms regardless of sizémancial backing. By developing this
tool, the US government felt it would make an intpot contribution the development of
energy efficient buildings. Part of the governmemision included private businesses
that would use EnergyPlus as the core for theilgdesols and add graphic user
interfaces to facilitate ease of use. While sevesatmercial products have incorporated

EnergyPlus, the market penetration has not begneas as the government had hoped.

Four utility programs come with the EnergyPlus @aygk EP-Launch, IDFEditor,
XESOViewer, and OpenStudio. EP-Launch submits patidata file (IDF) to the

EnergyPlus code and upon completion parses the oodjrut file into a spectrum of
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special purpose files. Not all of these files arenterest each time the simulator runs.
The IDFEditor is a tool helpful for the preparatiand editing of the IDF file. It also
formats the file to give it a human-readable forESOViewer is a quick-look graphing
tool for very simple graphical output. Finally, @ygtudio is a plug-in code that operates
in the Google SketchUp tool. With this plug-in, 84&Jp users can quickly learn to
create and edit models of the geometry require@fmrgyPlus while preserving all the
non-geometric content in an IDF. In combinationurd the toolset surprisingly
powerful and easy to use. The version of Energytlasl am using is V 4.0.0 issued in
October 2009.

The challenge is to learn the vocabulary of cajiasithat EnergyPlus can
perform if needed. | found example files includeithwhe distribution to be a very
powerful asset and made extensive use of themexXanple, | consulted the multiple
story building example to see how stories werek8m” For natural ventilation, |
checked that model. When | needed school scheddeayched for an example and

found one.

B.2 Modeling

The geometric form for the building to simulate&ptured with the OpenStudio
plug-in for SketchUp. Text based data entry is $ynmpt an option—it’s far to complex
and error prone. First scan the floor plan of Hrget building and create a JPEG file that
is then imported into SketchUp. Then trace linesravalls needed to define thermal
zones in the building. After the zones are allmiedi, extrude only one of these footprints
into a volume. The exact dimensions of the footdon the thermal model are not
critical, although the overall floor area shouldibbéair agreement. Then edit the IDF
produced by OpenStudio naming all walls, roofs, thoars with a pattern easily
modified with a text editor. Next clone the georeetorm of the first zone making as
many copies as needed, and with a text editor mdiagf names of zones and surfaces to
ensure uniqueness. Then return to SketchUp. Apttiist edit zone positions and the
wall positions and extents to achieve the desiesrgetry. No additional naming of walls
is required until a wall needs to be subdivided sueone-adjacency requirements or to

create a fundamentally different footprint for tene.
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It is then necessary to identify adjacent thernoales in contact through common
walls and identify the composition of each wallisTprocess is tedious and error prone.
Fortunately EnergyPlus produces meaningful errcssages in response to bad inputs, so
debugging the IDF can precede systematically.

EnergyPlus needs to know the materials and thepnoglerties for each bounding
surface surrounding a thermal zone. | found it tutliw use spreadsheets to gather this
information and to identify each layer in the coastion of a roof, wall, or window.
Either you give EnergyPlus the R-value for the tayeyou provide sufficient physical
properties such that the code can calculate thalt&keyvThe latter is preferred since this

information also enables the material to transpodhold heat.

Locating the information for an older building da@é challenging. In all cases |
found floor plans for schools in the archives, thnat plans frequently failed to provide
sufficient information to ensure correct modeliridayers. For example in Figure 45, |
demonstrate the dearth of information regardingetiergy performance properties of the
windows. This fragmentary detail is virtually allet information provided for these
important building components. A search for thedew specifications in the APS
archives failed to locate any further data. Withbenence, a modeler will know the

standard practice for various building componentsrgthe date of construction.
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Figure 45. Sample window documentation for Hubert imphrey Elementary. No additional window
performance information for this 1978 building wasfound.

In situations such as these, educated guessesalsadie made for the R-values

of roof and wall layers.

As discussed in Chapter 4 and Appendix A, occupachbgdules, plug loads, and
other unregulated variables introduce ambiguitytfiermodeler. To minimize arbitrary
decisions, | adapted loads for my simulations ftbminternal loading for primary
schools used for DOE benchmarksAlthough the benchmark used fixed loads for each
zone, | converted these to internal loading dessiind occupancy loading densities to
generalize their flexibility for use in other geames, e.g. the case studies presented

here. These data are summarized in Table 32.

131 Net-Zero Energy Commercial Building Initiative: WeConstruction Benchmark Data Files
http://www1.eere.energy.gov/buildings/commerciaitiative/new_construction.htmDct 22, 2009.
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Table 32. Internal loading densities used in the & studies.

Room Internal load densities
classification People (no/m2) |Lights (W/m2) Plug loads (W/m2)
Classrooms 0.25 15 15
Library 0.25 15 15
Offices 0.05 12 11
Lobby 15 4
Corridors 0.1 6 4
Bathrooms 0.01 10 4
Gym 0.3 15 5
Cafeteria 0.7 15 25
Kitchen 0.15 13 200
Mechanical 0.01 15 10

Each load is subject to a specified schedule talsita actual building utilization.
For example, students and employees will show uplésses on weekdays but not on
weekends. The light and plug-load schedule woulddseelated with student activities,
but might include additional extracurricular adii@s on weekends and holidays. | used
the schedules as defined by the DOE benchmark ni@dA&PS schools without

modification.

The intent of the modeling is simply to assessetiergy efficiency of the design.
Professionals in the business indicate that agreebstween the model prediction and
the operational building ranges between 20-56% agreement better than 20% is
achieved, it should be considered simply a staisphenomenon. Consequently selected
details of the geometry may be approximated whethe judgment of the modeler the
simplification are warranted. At this point with nagry limited experience, | rely on the

review of experts.

Unless the school being assessed is new, it ity likehave been renovated and
expanded during its history. Bandelier Elementang of the three schools initially
targeted for analysis, has experienced five diffebeiilding phases. For the modeler this

poses the additional complexity of establishingrtiaerials and assemblies for walls,

132 Michael Witte, GARD Analytics Inc, private commaation.
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roofs, and fenestration. It essentially requiregettgoment of a separate model for each

phase of construction.

B.3 Standard reference building

The flowchart in Figure 20 indicates that two siatidns will be required for the
as-designed rating: one to estimate the EUI fobthikling to be rated and another for
the EUI of the standard reference building. Theefaivas extracted from the model of the
building to be rated using the NREL’s EnergyPlusuiple File Generatdr>'**an
online tool still under beta testing. It preserttes geometry information from the IDF,
redistributes the fenestration as a strip on wirglaleng each face, and replaces the
materials, constructions, and HVAC systems with A3 90.1 code compliant
assemblies. The abstracted fenestration maintfagnsame window area on each side of
the building, a feature proposed in for ASHRAE 920110. The materials may be
selected to meet the requirement for either ASHRAH 1999, 2001, 2004, or 2007. |
chose to benchmark against the ASHRAE 90.1-200%atd since it is the current New
Mexico commercial building energy code. For comnatauildings the HVAC system
for the reference building depends upon the buydize and the number of stories.

Identical thermal loads and schedules for buildipgrations were extracted from
the proposed building design and placed in thedst@hreference model. Consequently
comparisons between the proposed building andetleeence building are more
meaningful than the comparison of calculated anded&Uls for the building to be rated

since no one can control its use.

Shading structures may be deleted from the referbodding. Thus the proposed
design gets credit for proper shading of windowsnil&@rly proper orientation counts as
well. The reference building must be simulatedourforientations: the designed
orientation, rotated 90°, rotated 180°, and rot&@@°. The resulting EUIs are then

averaged to yield an EUI without optimization foremtation.

133 EnergyPlus Example File Generator, EPXMLPreprabth@ows 32 Version 0.1.2.30),
http://appsl.eere.energy.gov/buildings/energypfoginputs/index.cfimDec 2, 2009

134 Nicholas Long, EnergyPlus: State-of-the-Art in Birig Energy Simulation, National Renewable
Energy Laboratory, September 11 , 2009.
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B.4 HVAC models

The complexity of the HVAC system can be completalydeled in EnergyPlus
in agonizing detail, and appropriately so, sincgimeers use the code to design and size
systems. As | examined the chiller and boiler whieps of the 4-pipe system that feed
the five air handling units, 20 fans, 15 varialpeed drives, and 73 terminal units
distributed to the thermal zones at Tierra Antiglementary, | realized that creating an
as-built model for this complex HVAC system miglot provide the optimum use of my
time for this thesis. In response | simply usedHMAC system automatically generated

for the reference building.

For the schools modeled, the automatically geneéndieAC systems featured a
direct expansion (DX) cooling coil and a naturas gaater coil in a single air loop for
each thermal zone. Depending upon the size ofdhe,zhe coefficient of performance
(COP) varies for the DX system between 3.8 andah8,the heater coil has an
efficiency of 80%. A fan and an outside air mixemplete the air-handling components
for each zone’s HVAC system. For control thereualdhermostat with setbacks and a
controller in each zone. Reuse of these HVAC systienthe proposed design fixes yet
one more potential “variable” that would obscure thndamental performance of the
building envelope and its passive design featurasdrchitects can control. Of course the
building owners and tenants very much care thdt passiveand active systems are well

designed and well operated.

In this analysis | did not attempt to introduce iaed-mode operation utilizing

both the HVAC system and natural ventilation.

During simulations of a full year, the modeled By is subjected to weather
conditions that represent typical conditions fa #iite. Although this data does not
present extreme conditions, in preliminary asseatsngeather extremes are introduced

specifically for ensuring proper sizing of the HVAgstems.
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C  Appendix—Passive performance of buildings

As done for millennia in ancient civilizations, hitects, engineers, and builders
should use materials, orientation, and geometryaate passive buildings with effective
energy performance. Essentially one can mitigaeotitdoor climate thus producing a
more comfortable indoor climate. Is this passivdggenance a prerequisite for an energy

efficient building? Can we rate this performancé&® &nswer to both questions is “yes.”

Consider the following four buildings: 1) a coverlyp—a shed with “air” walls,
2) a sealed insulated box, 3) a sealed insulatedvith a south facing Trombe wall, and
4) now add natural ventilation. Our set of building shown in Figure 46. The Trombe
wall is configured as Y4"-glass, 4”-air, black saddnsorber, and 16”-concrete layers.
Table 33 shows all the materials and the constmaif surfaces for simulations.

Figure 46. Four south facing buildings in the nortkern hemisphere. To the right in the distance is a
simple insulated cover with walls made of air. Thesvirtual walls trap air eliminating convection but
conduct heat in and out. Moving to the left we finda sealed insulated box with an inoperable windo
on the north side. Next is the box with a low-ris@rombe wall facing south. The lower half (roughly
speaking) is the unvented Trombe wall with double-gne glazing in the upper half. All windows are
inoperable. Finally at the left is the box with Tranbe wall plus it features operable windows to
provide natural ventilation.
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Table 33. Details of the materials and constructiofior the four passive buildings. EnergyPlus
computes the performance of the air in the double-gne window.

conductivity | thickness R R

material (W/m/K) (m) (M%K/W) | (Ft2F.h/BTU)

ROOF

shingles 0.1141 0.0191 0.1674 0.95

sheathing 0.063% 0.0127 0.2000 1{14

3" dense insulation 0.0432 0.0762 1.7639 10.02

3" dense insulation 0.0432 0.0762 1.7639 10.02

2" insulation 0.0432 0.0508 1.1782 6.69

2" insulation 0.0432 0.0508 1.1782 6.69

1/2" gyp board 0.16 0.0127 0.0794 0.45
33.86

EXTERIOR WALL

stucco 0.6918 0.0254 0.0367 0.p1

3" dense insulation 0.0432 0.0762 1.7639 10.02

3" dense insulation 0.0432 0.0762 1.7639 10.02

8" LW concrete block 0.570Y 0.2033 0.3562 2/02

5/8" gyp board 0.1602 0.0159 0.0993 0/56
22.83

SLAB FLOOR

4" concrete - sand and grave| 1.729577 0.1014984 0580. 0.33

TROMBE WALL

3 mm low iron glass 0.9 0.003 0.0083 0.02

100 mm air

Tabor solar absorber 392.61 0.0016 0.0000 (.00

8" HW concrete 1.72957y 0.2033 0.1175 067

8" HW concrete 1.72957y 0.2033 0.11)75 0{67

DOUBLE PANE WINDOW

1/8" clear glass 0.9 0.003 0.0033 0.02

air 0.013

1/8" clear glass 0.9 0.003 0.0033 0.02

Data from the EnergyPlus simulation is shown iruFégd7. The buildings are
sited in Albuquerque and use data for the weatioen Albuquerque’s typical
meteorological year, which includes weather data¥@ry hour of the year (8760 hours).
Looking at the temperature data in the upper Hatefigure, the cover with its “air”
walls track the outside temperature variationsdeeims to stay warmer without air
exchange to the outside. The insulated box is wayeteand smoothes out most of the

diurnal variations. When the Trombe wall is funaotitg, the box gets warm and stays

176



120

100
Al
A III. || J 1
T go | T
[@)] \ i ! }
ﬁ I TI I(ﬂ“ | | ‘I U ‘ “M #l
: e I 1 A
§ 60 —t— I ! “ | I m I“I\L. h' H H Ii I‘I h \“1 " \‘| l | ‘|||
3 Bl
g 40 ‘ ‘. | - . el L il
= v — OQutside ‘ |
—— Cover M
20 Box | (il
Box with Trombe
— Plus Ventilation
0 T T T T T T
0.00 60.00 120.00 180.00 240.00 300.00 360.00
Time (days)
8
(O]
=]
(¢
>
S
S
(@]
O
©
()]
c
b
L
— Box
-6 Box with Trombe
Plus Ventilation
'8 T T T T T T
0.00 60.00 120.00 180.00 240.00 300.00 360.00

Time (days)

Figure 47. EnergyPlus simulation results for four mssive buildings. The upper portion of the image
shows the temperatures inside each building plus ¢houtside temperature. The lower portion shows
the Fanger Comfort Value inside each building. Not¢hat the Trombe wall takes 20 days to warm uj
beyond the warmup days automatically allocated in BergyPlus. This may be a problem with the
convergence criteria, which | am unfamiliar with.

warm especially in the summer when the temperainstde are routinely breaking
100°F from May to October. Finally the fourth bulg has operable windows and thus
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can exploit natural ventilation. The simulation npe¢he window when the internal
temperature exceeds 76°F and assumes 10 air chagigesur (ACH). During the cold
months this is very effective but less so in thesier when the outside air temperature is
hot. However, the night flush cools the mass offtteanbe wall and helps moderate the

temperature the following day.

Considerable research has been performed in uaddisg how and when
humans feel comfortable in their environment. Thei®nmental variables that

influence the conditions of thermal comfort include

* Air Temperature

* Mean Radiant Temperature

* Relative air velocity

» Water vapor pressure in ambient air

Fanger's Comfort model was the first one developed.

Table 34. Nine point

First published in 1967 Fanger's work set the stage for the .
thermal sensation scale.

other two models. EnergyPlus supports calculatadribese Sensation| Value
. - Descripti
comfort metrics. The scale of the comfort valuesiended to 2 esc;p on
very ho
reflect the thermal sensations as shown in Tabld 84xplore 3 hot
2 warmn
the concept of the comfort value, | enabled EnelgyB 1 slightly
calculate the Fanger comfort value for the fourspasbuildings 5 War:‘r
neutra
and the results are displayed in Figure 47. Thepehaf the -1 slightly cool
curves look rather similar to the temperature daplayed > lcoo
above. Note that Fanger’s model takes clothing atmount, 3 fcold
-4 very colc

and EnergyPlus enables clothing protection to beduled. |

used the default from the DOE benchmark school.

To further investigate the Fanger comfort valugough it might be insightful to
move my “cover” only building to a variety of lotas that represent weather in the
different climate zones of the US. But rather tdaplay a Fanger comfort value for

135p.0. Fanger, “Calculation of Thermal Comfort: tratuction of a Basic Comfort Equatiol’XSHRE
Trans, Vol.73, Pt 2. 1967.
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8760 different hours, | summed all the negativeigaland also all the positive values.
Then | added thmagnitudegogether and divided by 8760 to get the averaggéia
displacement from the ideal zero. | expect thaggdanumbers to indicate less favorable
climates and lower numbers those more favorablidfresult produces a sensible

outcome, then | can believe such a metric actwadgluates comfortable climates.

The average of the (unsigned) Fanger comfort vdtweseather during an entire
typical meteorological year is shown in Figure dBdelected cities in different climate
zones across the US. The Los Angeles climate aghittve minimum score. Climates to
the left of LA in the chart are generally hottemoore humid and the climates to the right
are cooler. In principle Las Vegas and Los Angalesin the same climate zone but this
metric says they are significantly different. Myrgenal experience says Vegas is hotter
and deserves the higher score. On balance | fipldutsible that Los Angeles in climate
zone 3B wins the weather competition. So my initigbression is that the average

Fanger score does produce a sensible weather.rating

Average Fanger Comfort Value

Figure 48. Average Fanger comfort values for selesd cities in the different climate zones in the US.
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Having justified or validated

25

the average Fanger value as a comfa

metric, we can apply it to buildings.

15 +—

After all, what is a building but an

intervention to establish a

0.5 — ——

Average Fanger Comfort Value

microclimate inside the building that i

Cover Bo Box with Plus
more comfortable than the one ' " Tombe Vertilation
outside? To test this metric with Figure 49. Average Fanger comfort value for the fou

- - ive buildings in Alb :
buildings we similarly apply the passive bulidings I Albuquerque

average Fanger comfort value algorithm to the fiassive buildings in Albuquerque.
These resulting metrics, shown in Figure 49, sunmeanicely the temperature data
presented in Figure 47.

In conclusion it seems apparent that when the gedfanger comfort value is
low (< 0.5), the conditions appear favorable forondittle HYAC conditioning of the
space to achieve human comfort. If the building parduce this mild microclimate
indoors, then it is well on its way to becomingearergy efficient building. Having now
established a simulation methodology that inclumleassessment of the microclimates

inside this simple passive building, we turn noweal buildings.

C.1 Hubert Humphrey Elementary

The model for the passive performance assessmtrd game as that presented
in Chapter 5 except the HVAC systems are entirelgtéd. In its place | added natural
ventilation to zones at the periphery that had wwmsl As with the passive building of

the previous section, this ventilation providedAKDH.

The results of the simulations were very diffefeain the four passive building
due to the occupancy, lights, and plug loads. Assimulation for kitchen shows in
Figure 50, the comfort value varies significantiyenothe course of a day (see upper left
hand corner). This January morning starts colds getrm, and then cools off again in the
night as a consequence of the human activity amdiske of equipment in the space. In
the upper right hand corner the figure shows aagnweek that features the five school
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days followed by a weekend. Finally at the bottdrthe figure the data for the entire

year is presented.

As modeled, the passive kitchen exposes its wotkersry hot temperatures
during the summer months. While it seems odd tiasthool kitchen is in use during
the summer months, during the school year in Maly@&ptember the kitchen would be
unusable without ventilation and an HVAC systemcadntrast the nearby gym only gets
warm in the summer as shown in the data of Fig@re'Ge day, week and year are
shown with the same layout as data for the kitch'¢ée.see the same weekly patterns for
comfort value variations, but the excursions fa ¢ym are far cooler ranging from cold
to warm. Perhaps this condition is desired in a gymere the kids are exercising but
little kids may not like those cold mornings in dary. Perhaps an HVAC system in the
gym would be useful. Perhaps insulation over tloelblvalls would be even better.
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Figure 50. Calculated Fanger comfort values for th&itchen zone at Hubert Humphrey Elementary. Each ot starts on Jan 1 for the simulated year of
operation. The upper left shows the first day, theipper right the first week, and the bottom the entie year. The five day work week is readily apparents a
source of heat loading. During the summer the kitclhn iswell past very hot (Fanger comfort value = 4). Wee that the kitchen demands an HVAC system fc
routine operation. A similar plot for the gym reveds that unlike the kitchen, it is cold during muchof the year.
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Figure 51. Calculated Fanger comfort values for thgym zone at Hubert Humphrey Elementary. Each plostarts on Jan 1 for the simulated year of
operation. The upper left shows the first day, thaeipper right the first week, and the bottom the entie year. During the winter the gym is frequently
cold, but with use warms up to the “cool” level la¢ in the day. Although both the kitchen and the gynshare the uninsulated concrete block walls, the
heat loads produce dramatically different environmats.
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The hourly data reveals the fluctuations expeatea heavily used passive
building. Clearly more ventilation and/or an HVAgsgem could target the comfort zone
especially during the hours of operation. As therage Fanger comfort values in Figure
52 show, the kitchen and gym are extreme caseslartiHumphrey Elementary. While
few of the other spaces achieve the metric assatiaith the LA climate, the passive
features of the building have moved the indoor atermost of the way from
Albuquergue to Los Angeles—not a bad starting pfmnthe HVAC system to begin its

work.
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Figure 52 Annual average of the unsigned values of the Faegcomfort value for each of the zones in the moc
for Hubert Humphrey Elementary. The gym, kitchen, afeteria, and bath occupy the uninsulated north sid of
the building, and these are among the least comfable spaces in the school.

C.2 Tierra Antigua Elementary

The passive performance calculations for Tierrag\rat use the same model as
the calculations in Chapter 5 except the HVAC systare entirely deleted. In its place
natural ventilation is added with 10 ACH when thdaor temperatures exceed 76°F.

For the purpose of comparisons the results ardagisg with the same sequence
of time frames as for the thermal zones at Hubarmphrey—»by the day, week, and
year. Basically the comfort levels bounce from doolvarm each day, and except for
ventilation to maintain indoor air quality therepsjars to be no need for an HVAC

system to manage the heat loads given the “typiwalther modeled. | should point out
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that the “typical weather” is selected month by mhdinom data accumulated over 30
years, and any months with extreme weather areié&dl So periods of weather can
reasonably be expected to be harsher, and thertbitdVAC system is essential to
provide comfort during these extremes.
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Figure 53. Calculated Fanger comfort values for aarner downstairs zone at Tierra Antigua Elementary.Each plot starts on Jan 1 for the simulated yearfo
operation. The upper left shows the first day, theipper right the first week, and the bottom the entie year. The five day work week is readily apparengs a
source of heat loading.
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Figure 54 presents the indoor climate metric taatiarize the thermal zones in
the two-story wing of Tierra Antigua. The five zenen the lower floor (hames ending in
FLR_1) are systematically more comfortable thanzibvees on the upper level (names
ending in FLR_2). While the difference is small, weuld expect the space on the lower
floor to be moderated by the overhead structure this result is obtained. The long
“classrooms” that flank the north and south sideth® building show no significant
difference from the south to north sides of thddimg—a tribute to the sunshades.
Although my model of the sunshade is solid and am¢snclude louvers, EnergyPlus
does support louvers with a specified angle. Tkhitect's specification required the
vendor to supply shop drawings with their submitald this document should denote the
relevant information for an improved model of thim shade. Nevertheless, the
performance of the passive building is quite goeehewithout the controlled solar gain.
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Figure 54. Annual average of the unsigned values tie Fanger comfort value for each of the zones ihe
model for Tierra Antiqua Elementary. These values ee approximately half those for the classrooms in
Hubert Humphrey.

The fact that there is little difference betweea tiorth and south sides is initially
counterintuitive. Of course during the winter, 8wdar gains warm the south side as the

sun gets low enough in the sky to shine underliadiag. The Fanger comfort values
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reflect this and the south side is significantlyrenoomfortable than the north during the
cold months. But examination of the 8760 hourlydearvalues in the year reveal that the
summer heat dominates the average. There the amdtsouth rooms look similar thanks
to the shading, and thus the average comes out #imsame. This is a problem of

trying to “summarize” 8760 data points with a senghlue.

The results with operational HVACs systems in Caaptindicated the building
would use essentially no heat for the winter seadomwever, it did require cooling
during the summer months. The success of the mapsiformance demonstrated here
suggested that natural ventilation be includedérodel along with the HVAC system.
Unfortunately this naive approach resulted in thvAB system fighting against the
natural ventilation, and a more sophisticated sgais necessary for mixed-mode
ventilation. However, this analysis is beyond tbepe of this thesis. The results of the

passive performance study indicate that such adnixede approach is warranted.
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