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Abstract

Architects, engineers, and builders have a unigumdunity to lead society and
the economy through the current difficult timesi& studies show that buildings
account for nearly half the nation’s energy constiomp our power derives from our
ability to dramatically cut the energy consumptibrough energy efficient refurbishment
of the vast existing building inventory and througgtergy efficient designs for new
construction. This conservation has an amazingftbale benefit: through reduced
consumption we extend the life of our limited natuesources; through reduced
consumption we reduce our emission of greenhousesgand thus reduce the threat of
climate change; and through reduced consumptiosave enough money to pay for
refurbishment of existing buildings and energyaéincy enhancements built into new
designs. The combination of inertia and barriethexmarketplace has stalled attempts to
harvest these economic rewards from the last kehsfiv the urgency of limited
resources and greenhouse gas emissions compeleetssiengineers, and builders to
advocate for informed policy that nurtures or maaga@nergy efficiency in buildings. In
particular, now is the time for the adoption ofagional building energy labeling scheme
to replace the jumble of approaches currently ac@land to ensure nationwide coverage.

This thesis establishes that building energy lalgetian promote greater energy
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efficiency in an economically attractive manner &hhtifies how architects, engineers,

and builders can lead the charge toward energyisgand economic stability.
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Preface

In March 2008 | was one of 15 graduate studen#miarchitecture studio at the
University of New South Wales (UNSW, Sydney, Austethat focused on the design
of a sustainable high-rise. | thought the topic wesst intriguing since | felt “sustainable
high-rise” a bit of an oxymoron. To get the semestarted each of us picked a
sustainability topic from the tutor’s list and déy@ed a presentation for the following

week. | picked energy, and my life hasn’'t beendlume since.

After Al Gore’s “An Inconvenient Truth” made thewads in 2006, no one could
plead ignorance of the consequences of global waynvet there was a persistent group
of doubters who point out perceived or contrive@gkeesses in the research and even
went so far as to suggest that climate-change nes&a were simply exploiting easy
research funding aligned with the climate-chang®lioigy. Following my energy
presentation at UNSW, | wanted to sort out the augpt to my own satisfaction. | looked
into the data sources for GEbncentrations in the atmosphere to understand the
measurement techniques and the possible soureertws. | read about the difficulties in
the climate modeling codes. | examined the casediar cycles driving the GO
concentration cycles over the past 600,000 yearhd end | concluded the case for
anthropogenic emissions of GQvhile not proven, was compelling, and we as
inhabitants of Earth ought not to bet the futuréhef planet on some elusive “natural”

explanation.

The consequences of climate change really worried\Wiany environmentalists
preached doom and gloom and | found it depres3ingn it dawned on me that my
response could be different—I would emphasize tstpe possibilities and work
towards solutions. Surely there were others workingnake a positive difference. And
viola! | found them working across a broad mulsalplinary front. It's great to awaken
from a bad dream and fine new friends and inteli@ldeaders that have been working

while | dreamt.

| returned from my two years in Australia keen ompleting my architecture
studies and finding a place to make my contributidrad developed the notion that

policy-based understanding of climate change, ewars) architecture, and psychology
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offered the best hope for brightening the futurea@y this work is ideally suited for
multidisciplinary teams. The faculty of UNM playadiecisive role in my journey with
their suggestion that | write a thesis addressiggnterests in energy policies and
architecture rather than pursuing the traditiormdhmt UNM, the Master’s Studio.

Thus during this last semester | worked to shampgmunderstanding of policies,
how they relate to architecture, and develop aesiyafor my thesis. Using new skills and
interests born from studies of architecture andliamg them with the familiar tools of
an experimental physicist, | have pursed curréatdiure and sought insights as to
options for mitigating harm to the environment. €exrvation is the clear winner
especially in the near-term. Due to our dependencan energy-driven economy and our
typically inefficient use of that energy, consergatstands out as a particularly
significant opportunity. Analysis of the end-usesoergy reveals that our building sector
consumes approximately half the energy used itudor construction and operation.
Since the commercial inventory within the buildsegtor is failing to evolve towards
improved energy efficiency and since the residéatia industrial inventory continues a
trend of energy consumption reductions over th¢ thase decades, | see commercial

buildings as a strategic target of opportunitydnhanced efficiency.

Governments, nonprofits, and various building oiz@tions have all promoted
energy efficiency programs and policies, and maaelenjoyed success. Yet there
remains a persistent failure to transform the comrakbuilding sector that demands
renewed attention from those who can see the ghisghfor economic savings and
concurrent environmental savings. Thus the solutguuires political action, but what
policies would be most effective in promoting eneedficiency? This makes a great
thesis topic!

After significant reading, the topic of buildingengy labeling emerged as the
frontrunner from a field of a roughly 20 policy apts. While my thesis introduces the
gamut of these related policies and their contdktited my detailed research to
building energy labeling. Note that this reseakttricts its arguments to qualitative
feasibility and avoids quantitative assessmentgdhEtmore, while presenting a strong

case for the efficacy of building energy labelinghe quest to reduce energy
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consumption, there is no attempt to formally prtheg building energy labeling is the
optimum policy intervention or even to prove thasieffective. Such proofs are well

beyond the scope of this thesis, which was limited six-month effort.

A summary of the thesis follows in two forms: a grage synopsis of bullet

points and an executive summary, a six-page neerati
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Synopsis

This thesis:

» Seeks to identify the policy most likely to bredkaugh the market barriers and

failures that currently prevent markets from raatizthe potential energy savings

available through refurbishment of the existingding inventory—especially the

commercial stock.

» Establishes the viability of building energy lalbglias the flagship policy for

initiating the market transition that captures thpstential savings through

(0]

Use of an intuitive building energy savings scaks provides the
essential information required for building owndenants, realtors, and
financiers to make appropriate market evaluationtsdecisions
Enhancement of values and rents for rated buildings

Effective and cost-effective government intervemtgstablished by

international precedents.

» Explains the relationship of building energy labgland building energy codes.

» ldentifies the impacts upon the profession of dedhure including

o

Integrated design process that employs a multiglisary team from the
earliest stages of conceptualization to completith commissioning
Emphasis on the passive performance of the design

Goal of net zero energy building design for 203@anlier
Requirements for high-performance material systimsomponents of
net zero energy buildings

Challenge to continuously educate architects, esggs) and builders

regarding new techniques and materials for designs.

* Recommends adoption of

o National policy to implement voluntary building egg labeling using the

o

building energy saving scale
Integrated design process for architects, engireestduilders.

* Recognizes that business-as-usual interests sifltrthese changes, e.g. realtors

and builders who see this as interfering with corstiy business practice.
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Executive Summary

In the US, our building inventory consumes neadif bf the energy used during
construction and normal buildings operations. Asm@sequence of this economic activity
and embodied energy in materials, our buildingsesponsible for 39 percent of the
nationwide CQ emissions. Studies have shown that energy cortgmmnia these
buildings can mitigate these deleterious emissamtsenhance our national security
through energy independence while actually stinmdadur economy through life-cycle
costsavingsand creating jobs.

In a recent study published in July 2009, McKin&e@ompany evaluated over
600 efficiency measures in market sectors other tfemsportatioh A vast number of
these would not only reduce energy consumptioratsat produce life-cycle savings by
B Residenial [ Gormercol 15 ndusial

Mon-eparmy intensiye pracesses
In madium establishments

Average cos for Hlghiting

end-uss anek [ SEAmEYRkg
savings gy Engimy managamant for Pregrammatis hamastats — Aftio inautation
falrs par MMETL! ‘wasts haat recovary . .
a4 - iy A s i ) . — lron & stee! processes reazarm
i Nor-snsigy intensive:frosesses — Glothes washars
| e
MW bulJl:I]qu shisl In large establishments — Buiding utiities
2 Basamant irsul. Heafimg
18k Wasle heat recovery Luct sealing Home HVAC
. Retra- TairtenanGe
L] Enengy managemeant for e
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bl snergyiniensiveprocesses 1 Eetitee|l Bl NN (RS
T Enemgy manadement for
10k nereenergy-intansive processes
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F Naoncamm eclal
alsctrical devices
4 __Re{rigemh:.ts
: ||
o | . 2 . : : S
0 00 |nobo | swol =upn 2500 BO00 G500 4000 4500 5000 S500 G000 6HI0  F000 F500 B .50
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Nan-PC office In small establishmants A ssali Hde
suipiyen} Ald wall sheathiri Wil
Elsetrical devioes — Batigeration heatars
Cemertt processas Boiler pips mstlation
Community infrasfructurs — Lighting
Wertilation systams
Electic motors Disi‘m 3 Slut! g
E for
PREG) Ef:p?:;‘[ﬁm;— Building A'G Hrs
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* Average price of aveided energy cansumption atthe industrial price; B38,60/MMBETU reprezents the highest reglonal electricity price used; new
biild cost based on AEQ 2008 future construction costs )

Source: EIAAED 2008, McKinsey analysis

Figure ES1. Efficiency measures in the US producing net savings by 2020.

! Hannah Granade, Jon Creyts, Anton Derkach, PRiipse, Scott Nyquist, Ken Ostrowskhlocking
Energy Efficiency in the U.S. EcongnvcKinsey & Company, July 2009, piv.
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2020. Today'’s capital costs and the interest exggetsimplement many of the efficiency
measures are fully recovered in ten years throagings in operational costs. Their
study further considers the economic and envirortai@nsequences if only the
measures producing savings were implemented. Flg8feshows these cost avoidance,

money saving, efficiency measures.

Ideally market forces would induce owners, archgeand builders to harvest
these savings, but barriers persistently thwastltehavior. Nowhere is the failure of the
market more apparent than in the commercial sedtere the energy use intensity (EUI)
index—the total energy consumed in the sector divibly the total floor area of the
sector—has been steadily rising for decades althaugveling trend seems to be

emerging in recent years. In 14

contrast the other sectors have

seen reduced indices throughout

1.0)

the period as shown in Figure

—a— Transpartation
—&— |ndustrial

index (1985
o
o

ESZ. In the commercial sector,

.. . . . n4 —i— Residertial
split incentives present significant R N
. - 1z
barriers to efficiency
g+
innovations—typically neither 985 1967 1989 199] 1993 1995 1997 1893 2081 7003
Years

landlords nor tenants are willing _ _ _ _ _
Figure ES2. Trends in the energy intensity use dunig the last
to make investments that unduly30 years for the four economic sectors.

benefit the other.

To transform the building market, governments wartte are endeavoring to
adopt policies to penetrate these barriers. Gdgeahase policies fall into one of three
categories: mandatory regulatory interventionsyntary economic interventions, and
either mandatory or voluntary information tools.Matory building energy codes are
widely used but in the US generally are not stnmgaough to produce effective results.

The notable exception is in California where regatahas held the per capita energy

2 Economy-Wide Total Energy Consumption,
http://www1.eere.energy.gov/ba/pba/intensityindicsttotal _energy.htmSept 27, 2009.
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consumption flat for 30 years. Despite federal that mandates each state adopt a

building energy efficiency code, not all have deoe

Tax deductions and tax incentives are popular evinmterventions. Both
federal and state governments offer a myriad abaptto incentivize energy efficiency
enhancements, and they apply to existing buildargsnew construction alike. These
interventions effectively save energy but are taxst effective than alternative policy

options such as building energy labeling and building gpeodes.

Voluntary building energy labeling systems are Ibeiog popular information
tools in the US. The Environmental Protection Ages&nergy Star is strong on rating
energy efficiency and the US Green Building CouadiEED stresses the broader set of
sustainability metrics that includes a lightly wieigd energy component. The label seeks
to provide the market with information to differeate between buildings with different
energy-performance characteristics. A recent stiislgarket transactions involving
labeled buildings in the US reveals that the ené&bgling of Energy Star commands
enhanced market values for property sales or veméseas the sustainability rating from
LEED carries no such premium. The European Uniauisently launching its

mandatory building energy labeling scheme, bug tbo early for any systematic results.

The US currently has a jumble of building enerdyelang schemes. The Energy
Star label exists for both commercial and resi@etiuildings but the two schemes are
very different. In fact the Energy Star rating fesidences is more similar to Residential
Energy Services Network’s Home Energy Rating Syqt¢ERS) than it is to the
commercial Energy Star system. Adding to the caofyd_EED is not alone in the
business of sustainability labeling, but has comtipatfrom the Green Building
Institute’s Green Globe label. In addition to theséional labeling schemes, there are
numerous regional and local rating systems. Eathesie utilizes a different
methodology to rate building energy efficiency aligh each has similarities with either
the commercial Energy Star system or the computatimethod defined by the
American Society of Heating, Refrigerating and Bwonditioning Engineers (ASHRAE).

® Diana Urge-Vorsatz1, Sonja Koeppell, and SebaMisasgedis, “Appraisal of Policy Instruments for
Reducing Buildings’ C@Emissions,Building Research & Informatiqrd5(4), 2007, pp458-477.
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This thesis proposes a national building energgliag policy and process
comprised of features selected from the variougegys currently in use. It is similar to
the labeling system that ASHRAE prototyped mid-yea&2009. Both schemes promote
labels for “as designed” and “as operated” builditgbring more information to market.
The “as designed” rating indicates the expectedggneonsumption of the design and
construction effort and is an important factor stablishing the market value of the
building for mortgage or sales purposes. Once tileibhg has an established track
record, the “as operated” label characterizes abuiing energy efficiency

performance.

This thesis defines an innovative building enerayirsgs (BES) scale based on 0-
100 points with extra credit granted to buildingattproduce more energy than they
consume. As shown on the right in Figure ES3,lferBES label net zero energy
buildings score 100 and buildings with average gynese intensity score zero. With the

Energy HERS ASHRAE BES
Star

I 100 e Sn Fous Net zero
90 | 150 Title 34 2008

I 140 P —

. ® Existing || 149 Sem—
70 Homes

20
= 5 110
&n Standard | | ... Average
Ne v Home s

40 a0

Bl ASHRATSY 12000

80
70
60
50
i T 40
| 30
I 20
10
0

8

(=] — r
o (=]

Zero Energy |
Home

Figure ES3 The proposed building energy savings deais shown on the right and compared
with the two other schemes used nationally and theSHRAE proposal.
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linear mapping of EUI indices onto the BES scalgldings consuming more than the

average will have negative scores.

Such a building energy labeling policy will initeathe market transformation
illustrated in Figure ES4 by providing informatitirat enables buyers and tenants to
differentiate between energy “hogs” and high-perfance buildings. Through voluntary
building energy labeling, early adopters of higmtpenance buildings will have the
incentive to differentiate their buildings from thasiness-as-usual designs. Not only will
their buildings have

premium values in  100%

the market, but building energy ' '
labeling ' |

owners can advertise L

their environmental

stewardship to clients biilding enerdy

with similar ideals. codes

In addition to the

market forces, social

0%

marketing touting the
] ) Time
benefits to society _ _ . -
Figure ES4. Market penetration for life cycle of bulding energy

can enhance the spread cefficiency as proposed in this thesis. Mandatory ftows voluntary
o ) building energy labeling. Finally building codes madate energy
building energy labeling. efficiency in buildings.

As the penetration of high-performance buildinggéases in the market, mandatory
building energy labeling and, finally, stringentmdatory building energy codes should
be introduced.

As the market transitions, we will reap economiarsgs from energy expenses
and environmental savings from reduced2€fissions. Due to the slow turnover of our
building inventory, initially the savings will confeom refurbishment of existing
buildings followed by incremental savings from nlewldings that avoid the energy-

squandering inefficiencies.

Architects, engineers, and builders must adagtéachanges driven by this

market transition. Realizing the goal of net zemergy buildings by year 2030, as

XiX



required in proposed federal legislation, demar@mges to building practices as well as
changes in technologies and materials. No longetloaarchitect guide the process from
conceptual design to construction singlehandedle-ptiocess demands the efforts of a
team of consultants from the earliest phases ofeqainial design. This “frontloaded”
integrated design process optimizes the desigmugffirshort iterations of the design using
shared tools and a building information modelintadase. Once established early, the
framework of the design guides the elaboratiorhefdetails across the diverse

disciplines of the project.

Additional changes are expected in materials, tecks, and business
environments: dynamic fenestration for the buildemyelope, photovoltaics, smart
electrical grids, time-dependent value for enesgja-metering for diagnostic analysis,
and the labeling of material for embodied energy @memical content. However, some
things should not change—the energy conservatiatfes must maintain or enhance the

aesthetic quality of the building.

We can not ask for more interesting and challengimgs. We must banish the
business-as-usual mentality reaching back to tthesimial revolution and embrace an
environmental design philosophy that secures enawggervation and sustainability for
our buildings. We have the tools, the technologyl @ne opportunity. Propelled by
savings from environmentally friendly energy eféiecy refurbishment, we can launch
our journey toward net zero energy buildings féaiéd by the BES labeling and other
informed policies that overcome the economic besroeirrently in place. Architects,
engineers, and builders are critical stakeholdetkis unconventional challenge and

have the responsibility to educate and advocateetisas learn, design, and build.
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Acronyms

ABEL
AC

ACH
AEO
ALP

AlA
ANSI
APS
APS
ASHRAE

bEQ

BER

BIM
BOMA
BREEAM
BSR

BT

BTU
CBECS
CDD
CEC
CEN
CFL
CH4
CHP
CIBSE
CO,
COMNET

Advanced Building Energy Labeling
alternating current

air changes per hour

Annual Energy Outlook, from EIA
Advanced Lighting Package
American Institute of Architects
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1 Introduction

Throughout history around the world people havenlimesy living in their
societies and working in their economies to meeir fpersonal needs and the needs of
their families. Through man’s ingenuity, he hasrbable to harness energy to leverage
his productivity and thus increasingly satisfy heeds and increase his wealth. At the
same time he has become enslaved—an addict todtiipt on this energy “genie” who
grants him his wishes.

Only a few decades ago people believed that ifulleess of time the planet’s
population would emerge from the bonds of poveahyd all of us would enjoy basic
human comforts in a world of cheap energy. On oay % this utopian destination, we
encountered a detour followed by a hijacking! Wienit our energy resources more
limited and expensive than expected and, worselyet, use produced adverse
environmental consequences—climate change. Comtibusiness-as-usual behavior

threatens the very health of our planet.

However, many of us see an opportunity to regamtrobof our travel toward
global prosperity. The path requires changes inbetavior as residents of the globe, and
as architects, engineers, and builders it reqpiresipt attention to the possibilities that
energy conservation in building offers. This thesik briefly review the circumstances
of our detour and hijacking, and then charactetheesolutions that architects, engineers,
and builders hold in their hands. Since these mwoistapparently need a catalytic boost

from informed policy to flourish, policy considei@ts will be emphasized as well as.

1.1 Energy and growth

From the start of the 30century the US economy grew vigorously fueled ting
cheap domestic oil and then by increasingly expensil as our dependence on foreign
oil grew. While oil was the source fuel of choice €conomic growth, the other fossil
fuels, coal and natural gas, also fed our energgumption. Plotted on a logarithmic
scale, data in Figure 1 show annual national dostsnergy after 1970, and, to illustrate
some of the drivers for energy cost, also showJdSegopulation and US appetite for

energy measured in quadrillion BTUs (quad) o’ BITUs. The population follows an



exponential growth pattern
(linear on the logarithmic ™ /_/_/—/
scale), and energy

consumption tends to

follow. The total energy 100 I
costs exhibit significant —Energy consumption (quads)
- . = Population (millions)
VOIatIIIty eSpeCIa”y after the Total energy cost (billions in year 2000$)

first energy crisis in 1973 0 | = Product (GDP) (10 millions in year 2000$)

1970 1975 1980 1985 1990 1995 2000 2005 2010

and then again in recent

years. To control or at least Figure 1. US trends for gross domestic product (GDP energy

] costs, population, and total consumption on a logé&hmic scale.

influence energy cost we Dollar values are normalized to year 2000. Data soce: EIA
http://www.eia.doe.gov/emeu/aer/txt/ptb0105.htmISept 26, 2009.

must understand the cost Data are displayed on a logarithmic scale to facttite comparisons.

drivers, which aré

» Market prices for energy

* Population, which drives the number of homes, sish@nd other community
buildings

* Economic growth (real GDP), which is a major driegénew floorspace in offices

and retail buildings

» Building size distribution (the amount of commeldiaorspace and the size of

homes)
» Service demands (lighting and space conditionilagtenics, process loads)
» Theefficiencywith which energy service demands are met

The first five drivers are well beyond the contblarchitects, engineers, and
builders. Building sizes and services are largefyned by owners and operators of
buildings. So the only hope to lower energy casthe last point, efficiency, the focus of
this thesis. During the past 35 years considenafggress has been made in materials,

powered systems, and design processes such thattimlogies in lighting fixtures,

* Office of Energy Efficiency and Renewable Enerfggergy Efficiency Trends in Residential and
Commercial BuildingsUS Department of Energy, October 2008, p4.



building envelopes, windows, HVAC systems, applemduilding sensors and controls
as well as integrated design processes have mpdssible to build high-performance
buildings. It remains first to educate the unintétharchitects, engineers, and builders,

and then to transform both new designs and existinigings.

As energy resources are inevitably depleted, thasts can be expected to
skyrocket. Experts from the oil industry point ¢t over the last 30 years there have
been very limited discoveries of new fields anddhabe is approaching “peak oil"—the
point at which half the economically viable oil Haeen extracted and after which the oil
supply declines. Consequently efficiency will acgueven greater significance in the

guest to achieve energy security and economiclgyabi

1.2 Energy and environment

When our energy journey detoured thirty-five yeags with the first oil crisis
signaling resource depletion, few of us could immgeimpending hijacking that laid
ahead—global warming and its potential for causimagor disruptions to the Earth’s
climate. While mankind used some renewable enaygyces to grow his economy, most
of the energy came from the combustion of fosglduwhich releases G@nto the
atmosphere. Although the oceans dissolve somaf#s, most remains in the
atmosphere, and the measured; €@ncentrations are on the increase. Though some
guarters are still skeptical, the preponderanagesdarchers consider global warming and
its potential threats to be scientific realitieshe extent of the anthropogenic contribution
to global warming needs deeper understanding,theté is virtually no disagreement

among scientists that it is real and substanfial.”

Modeling the climate has proven to be a compleargdic challenge. There are
SO many interactive systems: solar cycles withedgit periods, precession of the Earth’s
axis of rotation, variations of the Earth’s solaoig chemistry of the atmosphere, €0
solubility in sea water, water cycles, cloud reffece, and the list goes on. While the

climate models are constantly improving, alreadyytbuccessfully predict the observed

® Intergovernmental Panel on Climate Char@énate Change 2007: Synthesis Repbidvember 2007.
® American Physical Societgnergy Future Think Efficiency September 2008, p7.



long-term climate patterns of the past million yeimferred from ice core, tree ring, and
coral data. Models fail to predict any abrupt irses in atmospheric GOoncentrations
from natural processes or levels as high as wegtlyrobserve. Therefore science has
established an “overwhelming consensus that thease in greenhouse gases is largely
of human origin, tracing back to the Industrial Blenion and accelerating in recent
years, as carbon dioxide and methane—the prodtttssl fuel use—have entered the

atmosphere in increasing quantitiés.”

Can these models predict what going to happenaiuture? No, since each
scenario depends on assumptions about what semigsions we generate in the future.
Can we explore the alternative assumptions andalewa® understanding of the
boundaries of the possibilities? Yes, and the extseare quite alarming while perhaps
unlikely. Those of us who believe that these fose&xare meaningful warnings and who
are also somewhat risk adverse seek to influereedlcome with personal changes in
behavior as well as advocating policymaking touafice the nonbelievers and risk

takers.

The challenge is enormous. In the best of econtimies reducing global carbon
emissions while continuing global economic growthwd not be easy. Architects,
engineers, and builders wield incredible powehis thallenge since our products are
the single largest sink of energy in the US. Buidgdscience and building technology,
coupled with intelligent policymaking, can provithee US with the tools needed to
conquer this energy and climate challenge at hamdesamulate success in other parts of

the world.

” Ibid, p20.



1.3 Energy sources and flows

For an effective

Energy carriers

response to the energy

*Refined petroleum

products
Energy sources “Electricity End-use
«Fossil fuels -Natural gas
*Nuclear energy «Hydrogen

*Renewable energy
Storage
Processing

stresses the three Figure 2. Simplified energy flows.

Emissions

and climate challenge,

we must first understand

the flow of energy in our

Energy needs

«Transportation

economy and its side

Emissions

effects. A very simplified

sIndustry
«Commercial

picture of this flow is

*Residential

presented in Figure 2. It

categories of energy sources, processes to prahergy carriers, optional storage, and
finally end-use applications where society receavégnefit. At each step conversion
yields undesired waste heat and emissions. Fiadilgction of the initial energy

performs work in the intended application.

Although the Sankey diagram in Figure 3 may seecessively complex at first
glance, it condenses numerous pie charts and taittea single comprehensible chart.
First it shows schematically the flow of energynfrgources on the left into various
sectors of the economy (residential, commercialystrial, and transportation), and
finally into two categories, rejected energy (eyesgsted as heat) and energy services
that are desired. The sources on the left are calmepisive ranging from solar on the top
to petroleum on the bottom. Each energy source ‘fih@ns” to the right into economic
sectors or into electricity generation. The diagedso indicates that electrical generation

transforms energy from one form of energy to anotg. coal to electricity.



Estimated U.S. Energy Use in 2008: ~99.2 Quads - hggg%gfﬂ'gg?.;?o?;e
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Source: LLNL 2009. Data is based on DOE/EIA-0384(2008), June 2009. If this information or a reproduction of it is used, credit must be given to the Lawrence Livermore National Laboratory
and the Department of Energy, under whose auspices the work was performed. Distributed electricity represents anly retail electricity sales and does not include self-generation. EIA
reports flows for non-thermal resources (i.e., hydro, wind and solar) in BTU-egquivalent values by assuming a typical fossil fuel plant "heat rate." The efficiency of electricity production is
calculated as the total retail electricity delivered divided by the primary energy input into electricity generation. End use efficiency is estimated as 80% for the residential, commercial and
industrial sectars, and as 25% for the transportation sector. Totals may not equal sum of components due to independent rounding. LLNL-MI-410527

Figure 3. The estimated US energy flow for 2008 stvm as Sankey diagram. Sources are located to thdtlghe four economic sectors in the middle-
right, and wasted energy (rejected) or useful enegg(services) are located to the right. Power genetian is located to the middleleft. All energies are
shown in quads (16° BTU).



The process is highly inefficient and producesgaificant amount of waste heat
that flows into rejected energy. Downstream from ‘telectricity generation” box, the
diagram shows a small flow colored orange (12.G8dgluinto various economic sectors
and a large flow colored gray (27.39 quads) to edsbte that these two flows add to the
39.97 quads that is equal to the sum of the enamyts into electricity generation from
solar, nuclear, hydro, wind, geothermal, natural, gaal, biomass, and petroleum. The
energy flow diagram not only tells us about thergnsource and its application, but it
guantifies the waste at each step along the wayav@rage electricity generation is
12.68/39.97 = 0.317 = 31.7% efficient.

Thus to deliver 1 unit of electrical energy to ancoercial building it takes
1/0.317 units—more than 3.1 units—at the sourcegopmm average. The specific
efficiency for electrical power conversion of eduabl type varies and for that matter
depends upon the specific power plant. The poinéteember is not all energy delivered
to the building in transmission lines, steam lirsgas pipes is the same when traced
back to the source. Thus metrics for building eperge intensity (EUI) generally are
calculated with the source energy, i.e. the tatargy corrected for any fuel-type
conversion and for any transmission losses to thidibg, divided by the building floor
area. Furthermore, source energy consumption npm®@priately relates to the

environmental impact.

RESIDENTIAL

1.4 Energy and buildings 22%

INDUSTRIAL

An inspection of Figure 3 st

shows that of the four economic
sectorsfransportationis the largest

energy consumer. In fact it is
COMMERCIAL

significantly larger than the 1%

. . . TRANSPORTATION
residential and commercial sectors 28%

combined. But when you examine : :
Figure 4. Source energy consumption by sector

where the electricity goes and accountfor year 2008 as derived from Figure 3.

for the 69% of energy wasted at generation, therettergy consumption of the

residential and commercial sectors approximatelybtes. When corrected for source



energy, the relative size of each sector dramétichbnges to produce the result shown
in Figure 4. This derivation demonstrates the irtgpure of using source energies to

avoid distortions.

After performing a different energy- ABUETEY

359, RESIDENTIAL

21%

accounting analysis, Ed Mazria found anoth
distortion derailing effective conservation. Pi
charts, which had long portrayed the
transportation and industry as the targets for
efficiency programs, had in fact literally

missed the biggest opportunity. Mazria, auth COMMERTIAL

of The Passive Solar Energy Boakd an TRA”S';‘:,’U/RTAT“’" 1%

internationally respected environmental

BUILDINGS
. 48%

designer, discovered that combining all NDUBTRY
25%

building construction and operating costs int
a single sector revealed that buildings were
fact the correct target (s&&gure 5°. Since
buildings account for about half the energy
consumption in the US, in 2006 Mazria
launched the 2030 Challenge that specificall trRansPorTATION

. . g . 27%
targets increases in building energy efficienc, .

Figure 5. The US energy consumption by
sector for year 2000. The upper pie chart

1.4.1 Building energy efficiency depicts the standard grouping by economic
. sectors prior to the 2030 Challenge. The

opportunity lower chart assigns energy associated with

L construction and operation of buildings into
Considering 250 C@abatement a single sector including a fraction of the

. industrial sector that contributes to
strategies that spanned all segments of the y, igings. The data are from year 2000.

economy, McKinsey and Company publishet

8 Architecture 2030http://www.architecture2030.org/current_situatianilting_sector.htm|Sept 28,
20009.




in 2007 a detailed analysis that estimated costsitigate CQ emission sources in the
US’. Interestingly those that were the most cost &ffeavere largely within the building
sector. The results of the study summarized inréigundicate the costs to abate one ton
of CO, emissions for each of the 250 options. The optayessorted from the least
expensive displayed at the left and progressivalgkwhrough the options toward the
more costly shown on the right. The most expengptéons are simply not shown.
Negative cost options actually save money whiles¢hthat are positive indicate true
costs. Inspection of Figure 6 reveals that marypeimoney savings options involve
buildings (the building mitigations are highlighteddark blue).
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Figure 6. Marginal abatement curve from McKinsey al Company.

It is ironic that these measures, which actuallyréase energy usage and

decrease CQemissions, also save money. How is it that thegp@xiunities have been

systematically bypassed for years? It would seandither the analysis is wrong or the

® Jon Crets, Anton Derkach, Scott Nyquist, Ken Qssidg, Jack Stephenson, Reducing US greenhouse Gas
Emissions: How Much at What Cost?, McKinsey and @any, December, 2007, p33.
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. ., - United States.
California’s policies,

including regulations and incentives, have helpald the state’s per capita electricity
use constant for the past 30 years while allowisgéonomy to flourish (see Figuré®)
Note that the data is reported on a per capitaslta®liminate the growth factor due to

expansion in the population.

While a shift towards a service economy may padytekplain how California
maintained a level per capita energy consumptiomduhis 30-year period, no
comparable effect appeared in the US economy wdwersumption increased by 50%.
Furthermore the California economy grew faster tinathe US, so Californians were
more productive without increasing their energystonption. Apparently the McKinsey
analysis is correct—efficiency improvements actuaive money while lowering energy
consumption and lowering the corresponding emissi®hen it follows that there must
be market failures, and California’s policies addiexl some of the market barriers and

failures that persist in the balance of the US.

In its analysis the American Physical Society (AB&)cludes that the time
horizon for business is problematic. Business as/the first costs that would otherwise

9 0Op cit, American Physical Society, p23.
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improve building performance. Furthermore busireases long-term research in the
hands of the government. The APS notes-that
Notwithstanding the positive California experienicewhich the

state intervened with regulations and incentivesctueve energy
efficiencies, some analysts argue that marketsately are efficient and
will provide the most beneficial outcomes if lefiregulated. Government
intervention, they say, is unnecessary and potgnhiarmful. But in the
case of energy efficiency, market imperfectionseand must be
remedied if progress is to occur. .... Experiencthefpast few decades
has shown that such [long] time horizons are incatrbfe with the
parameters established by financial markets, wieghire companies to

demonstrate performance every quarter or every YJamey may be
patient to some degree, but certainly not for aadewr more.

1.4.2 Building energy efficiency metrics

The EUI for a building is the most common metriadsuilding’s energy
performance and is calculated as the building’siahsource energy consumption
divided by its gross floor area. Thus the unitsEoH can be BTU/fiyr or kWh/nf/yr—

a measure of average power per unit area. A netereargy building (NZEB) is the
“efficiency ideal” for every building—the case wiedhe “net” EUI is zero. Since every
realistic building uses energy, “net” zero energg only be achieved if the building
supplies itself with some renewable internal powggically from photovoltaic panels.
The concept of the NZEB implies only that the agergearly power from off-site is
zero, not that power consumption from the gridastmuously zero. Therefore an NZEB

can consume as much electrical power as it produteserage

The notion of using an EUI to characterize buildamgrgy efficiency is
fundamentally sound. However without “correctionsilldings in cold climates,
buildings with unusually high occupancy, buildingish extra plug loads from computers
and printers, etc, bear an unfair disadvantagerliatSection 4.1 corrections will be

introduced that attempt to level these distortions.

Energy use intensities are used to compare enaginibuildings through time.
These intensities are used to examine energy-esddiin the diverse building stocks that

1 |bid, p23-24.
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make up the residential and commercial sectoreeStJIs are intended to show trends
in energy use, a year-to-year weather factor id ts¢éake into account the impacts of
annual weather variation on energy consumptioaplplications other than buildings,
e.g. transportation, analogous energy use indisatoow how the amount of energy used
per unit of output or activity has changed overitdsing less energy per unit of output

reduces the energy intensity; using more energyipgincreases the energy intensity.

Using the various EUI 14

metrics we can now examine the

efficiency trends in each of the

economic sectors. These sector i 08

wide averag€$ shown in Figure %w T

8 are arbitrarily normalized to 1 £ 5 S il

in 1985 so that these unit-less 3 =il

ratios can easily compare the id

. .. o985 1967 1949 1993 184 1997 o8 003
changes in efficiency that follow, %% 197 1959 1891 1599 1955 1997 166 abpi 2

Notice that all sectors have been Figure 8. Trends in relative EUIs for the four enduse sectors,

. , 1985-2004.
steadily decreasing energy use

during the periogxceptfor commercial buildings, although after year 20@CEUI
declines slightly. This anomalous behavior emplessthe point that the commercial
sector is a large target of opportunity and wasaairticular scrutiny. Thus this thesis is
interested irtommercialbuilding energy efficiency in particular but theobhder context

of efficiency is essential.

Our understanding of the EUIs in Figure 8 can berowed with additional data
as shown in Figure 9 and Figure 10. For the resi@esector in Figure 9 we see that in
response to the growth of the population, the nurobbouseholds increased thereby
tending to increase the total energy used. In mxhdihe relative housing size also

increased thereby compounding the effect. But dvigra total area of residences (the

12 Economy-Wide Total Energy Consumption,
http://www1.eere.energy.gov/ba/pba/intensityindicsttotal _energy.htmSept 27, 2009.

12



product of the number

1,60 -

of households and 1.50

housing size, which is 140 |

not shown) grew faster **° A

1.20 - "
than the consumption, A a g et e e =

LD g

so the average EUI L0 | e e

actually decreased. 0:80 |
0./B0 -

In contrast 1985 1987 1989 1991 1993 1995 1997 19899 2001 2003

. . . — Energy Use

Wlth the reSIdentlal —a— Energy intensity (per sq. foot, weather adjusted)
Numberaf Housshaolds

= = = Hauslng Size

Weather Factor

sector, in the

commercial sector the
Figure 9. Performance data for the residential sect.
total area and energy
consumption both grew, but in this case the eneogygumption grew faster than the total
floor area, so the EUI increased as shown in Fig0relhe fact that building energy
efficiency, which offers the possibility of substiahemission reductions in conjunction
with life-cycle savings, fails to progress in thanketplace is vexing. Coupled with this
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1.5 Energy efficiency barriers

Although the building sector holds the potential $onultaneously reducing
emissions and saving money, we saw that the maaketail to seize these opportunities
due to various barriers and failures. Since we pedkes that will break through this

paralysis, we should briefly identify these probtem

In the case of commercial buildings, for exammeants are often responsible for
paying for utilities and maintenance. Thereforaldars and landlords have little
incentive to spend extra money to achieve enerigiericies in lighting, heating, cooling
and structural design. Similarly, in the case sfdences, developers want to minimize
the “sticker shock” of a home. Since they will bakimg no utility payments, there is
little motivation to invest in energy saving measithat increase the price they must
charge, which could reduce sales. Few residerdiauumers have the knowledge, time,
or inclination to seek energy efficient productdtiwut government energy labels, codes

and standards, market forces alone will not engrusaich investments.

Ironically the government itself has fiscal praeticdhat produce similar
consequences. By separating capital projects froenating funds the government
unwittingly inserts an incentive to trade energycedncy features for other building
features such as more space. Managers for thecpmiects care little about the cost
implications that the operating managers will fe&8eme businesses suffer from the same

dilemma.

Architects, engineers, and builders may resist géanThe practices to optimize
building performance are not the business-as-ysovakdures that have been in place for
decades. Optimized design demands a team withsgisiills working iteratively early
in the project. Construction demands the use of systems and new techniques
unfamiliar to many builders. Education is esseribdhcilitate these changes. Some
organizations and individuals may ignore this aradle and continue with current

practice.

Markets can also suffer deadlocks from stalled dehfar innovation. Perhaps a
designer would like to install fenestration witlriadle transparency that doubles as a

photovoltaic energy source. In this conceptual uation electricity production increases

14



as light transmission decreases. The designer ekdoslelete this innovation from his
design because he can find no source. The semictimduanufacturer chooses not to
produce this product since he sees no demand fOof @dourse deadlocks are more likely
when financial barriers such as research and dewedat costs or initial capitalization

costs are high.

Since the utilities providing energy have profiesitto sales, they have a
significant and natural financial disincentive t@mote efficiency. As regulated
monopolies, the governing utility commissions nursiate innovative policies to
combine profit motive with conservation motives eT@alifornia Energy Commission

(CEC) has a successful track record in this endeavo
In summary we have identified a list of market g and failures that include:

» Split incentives for owners and tenants, developatsbuyers
» First costs vs. life-cycle costs

* Not knowing

* Not caring

* Financial practice—capital vs. operating expense

* Resistance to change

» Stalled demand for innovation

» Utility profits based on sales

In the next chapter we discuss what policy intetiozis have been applied to
these market problems. Each has either directdareict implications for architects,
engineers, and builders since they impose requimeiierough mandatory codes or
incentivize voluntary performance through labelitay, credits, and tax deductions for
owners. Consequently it is appropriate and esdehtibarchitects, engineers, and
builders engage in the process of establishingnixeof policies that will facilitate
changes in building design and construction ne¢al@domote energy efficiency. Global

economic and environmental viability demand it.
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2 Policy interventions

This chapter surveys the policy scene as it relat@somoting energy efficiency
in buildings. In passing we glean insights into $kéls and knowledge of processes and
technologies that architects, engineers, and lugiloheist have to design and build in our

changing environment.

Since the “oil Crisis” of 1973 many types of polimpols have been implemented
to reduce the impact that the building sector mathe depletion of energy resources and
on the environment, but few studies have reviewsth policy interventions. The
Organization for Economic Cooperation and Developn(®@ECD) sought to address this
dearth of information and initiated a four-yeardstin 1998. To analyze the progress of
policy design for building energy efficiency, th&OD conducted a survey of member
countries, received 20 responses, and then extehdedata with its own research of the
literature. Among various kinds of policy instruntgrthree principal categories were

apparent: regulatory instruments, economic instnimend information too!d

Each of the policy categories has a different ctatian as regards compliance.
The regulatory measures are mandatory whereastim®mic measures are voluntary
incentives, i.e. sticks and carrots, that contrahgpact what is built. The information
tools may be either mandatory or voluntary, butebgential feature is that they provide

information to some audience.

To ensure effective policy, the measures targefilding end-use that is a
significant consumer of energy. Figure 11 showssth&ce energy usage in commercial
(top chart) and residential (bottom chart) buildirigom year 2006. While these two
sectors differ somewhat, space conditioning, ligintand water heating stand out as ideal

targets for energy efficiency.

13 OECD, Environmentally Sustainable Buildings: Challenges &@olicies OECD, 2003, p32.
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State Energy Data System (SEDS) to absorb discrepeias
between data sources. Data from
http://buildingsdatabook.eren.doe.gov

2.1 Regulatory instruments

Primarily the OECD study found that countries eghtheir conventional life-
safety codes’ approach to an analogous approadsuflaing energy codes. These
measures are mandatory and establish a minimurhdéperformance for the buildings.
We have three major building energy codes in thetW8 used in the majority of the
US, which are considered equivalent to one ano#ret,one used exclusively in

California. These codes are discussed in the metions.

In addition | discuss energy metering and Deman@ $1anagement (DSM)—a
regulatory policy intervention to enable energywaer providers an opportunity to be
profitable while at the same time not seeking tyeéase energy consumption through

additional sales.
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2.1.1 Building energy codes

The first energy efficiency code for buildings westablished in 1975 through the
efforts of the American Society of Heating, Refrageng, and Air Conditioning
Engineers (ASHRAE) as a response to the first gntmgsis” in 1973. The initial
Standard 90-1975 covered both residential and comahéuildings, but evolved into

Standard 90.1 for commercial buildings and Stan8ard for residences.

Concurrently California passed the Warren-Alquistt& Energy Resources
Conservation and Development Act that created #ilga@nia Energy Commission
(CEC) in 1975. Based largely on ASHRAE Standard 905, the CEC developed its
first version of Title 24, Part 6, of the CalifoanCode of Regulations: California’s
Energy Efficiency Standards for Residential and fésiniential Buildings (Title 245.

While the code development efforts for Standard @md Title 24 shared
common goals and techniques as well as engineeyswotked on both code
development projects, the two are not equivaleincesthe ASHRAE approval process
operates on a consensus basis and has a natiotovigiituency including equipment
vendors, it moves more slowly than the CEC, whitérgeriods of public comment
from Californians, votes on adoption. Thus Titlechsistently has been more agile in
its evolution and more aggressive in its conseovat@nd has provided lessons to the

nation on the potential for energy efficiency.

While some states had already adopted energyaesifigicodes before the Federal
government required them, the impetus for mosestaias the passage of the US Energy
Policy Act of 1992. With this legislation, the Stemd 90.1-1989Knergy Standard for
Buildings Except Low-Rise Residential Buildingsintly developed by ASHRAE and
the llluminating Engineering Society of North Anei(IESNA), became the base
efficiency standard for nonresidential building esdicross the US. Under this act, each
state had until October 1994 to certify to the Dépant of Energy (DOE) that it had a

14 Mark Hydeman*A Tale of Two Codes,ASHRAE Journalol. 48, April 2006, p50.
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building code as stringent as Standard 90.1-198Rates responded with an assortment

of building energy codes.

In response to the proliferation of building codi@slife safety and energy
efficiency, in 1994 the International Code CouriilC) was established as a nonprofit
organization dedicated to developing a single sebmprehensive and coordinated
national model construction cod&sThe ICC sought to combine the efforts of the
existing code organizations to produce a singl®sebdes so that code enforcement
officials, architects, engineers, designers andraotors could work with a consistent set
of requirements throughout the US. Furthermoreuhiform adoption would enable
code organizations to direct their collective emesgoward wider code adoption by the
states, better code enforcement, and serviceswoncmities. One of the products of this
endeavor, the International Energy ConservationeGHeCC) is an off-the-shelf model
energy code that many cities and states have atldptgplies to both residential and

non-residential construction.

As a result of this evolution, the two most comnyaided national model energy
codes or standards for commercial buildings inUB&etoday are the IECC and the
ASHRAE Standard 90.1. Most commercial structurak lmuthe last 30 years have been
designed to meet the requirements of one of thesendents, their predecessors, or
related state codes that draw on these documeated&d 90.1 and the IECC are “rarely
identical, usually equivalent, and typically sinmila how they approach a particular code

requirement.*’

The discussion of codes in the next sections withlsine the “equivalent”
ASHRAE Standard 90.1 and IECC and compare andasirttiem with Title 24.

13 |bid, p46.

18 About ICC: Introduction to the IC8ttp://www.iccsafe.org/news/abguhternational Code Council, Oct
4, 2009.

" Building Energy Code research Center, “Relation@etween Standard 90.1 and the IECC”,
http://resourcecenter.pnl.gov/cocoon/morf/Resouere€l/article//156,/0ct 3, 2009.
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2.1.1.1Standard 90.1 and IECC

Since the birth of the ICC, ASHRAE Standard 90.d #re IECC share a history
of development. Both documents are currently oe&-ylevelopment cycles, with
development following the rules and procedureseirtparent organizations. The
building science community, including industry repentatives, code officials, building
owners and operators, architects, mechanical eaginand lighting designers, contribute
input and suggestions for both documents. EveryQEiGcument contains both a set of
commercial building requirements and a referencetéamdard 90.1, giving IECC users
flexibility. Both documents have two compliancehmta prescriptive approach and a
performance approach. The current documents ar20®@ IECC and Standard 90.1-
2007.

Using the prescriptive approach involves workingfmthree construction

categories that are consistent with the largesbdppities shown in Figure 11.:

* Building envelope
* Interior/exterior lighting

* Space conditioning systems

Each category must meet the required minimum stdsdar the climate zone where the
project is located. Tradeoffs between categoriesat allowed. For example, if the
design produces extra energy savings on lightimegd savings can not be used to cover

deficiencies of the building envelope. Each catggoust comply independently.

Using the performance approach requires simulafimnsvo buildings—the
proposed building and a baseline standard buildergyed from the proposed building.
The software ensures that the baseline standarts theprescriptiverequirements for
that climate zone and separately satisfies theinmgents for each prescriptive category.
Then the second simulation must show that the dediguilding uses no motetal
energy annually than the baseline standard buildihgs the performance approach
allows tradeoffs between all aspects of the bugdimesign. As long as the total energy
consumed by the entire proposed building is equal fess than the total energy

consumed by the baseline standard building, theonitplies. Although this path with its
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simulations is more complex than the prescriptppraach, it offers a tremendous

amount of flexibility in the design and thus isesftjustified.

2.1.1.2California’s Title-24 Building Energy Standards Part 6

The energy conservation potential for building gyerodes is clearly
demonstrated in California. California initiated first response to the energy crisis with
code changes in 1978 and has continued to raissdhdard of performance over the

next thirty years while the rest of the US laggedihd.

Like Standard 90.1 and the IECC, an optional prpsee path for Title 24 can be
satisfied by adhering to sets of rules definecctmstruction in three categories similar to
ASHRAE and IECC:

* Building envelope/HVAC systems
* Indoor lighting efficiency

* Water heating

While the categories for Standard 90.1 and the IB&Cslightly different from
Title 24, the procedure is essentially identicdle Rlternative performance approach
requires energy simulations for two buildings ascadéed above. The derived standard
baseline building defines the energy budget, aadmiole building must satisfy the
energy budget. Each category need not pass sdpaffdtas the performance track

enables a good deal of flexibility not availablehe prescriptive approach.

In the required simulations for the performanceaptTitle 24 takes the cost of
energy a step beyond the concept of source enéithg ¢tast chapter with the
introduction of time dependent valuation (TDV). Tdgplication of the TDV factor
primarily intends to allocate economic resourcasitagly—not simply to conserve
energy or to mitigate climate. Nevertheless, TDWmeoduce desirable outcomes for
both, in particular renewable energy. Title 24 iegpiTDV energy be used to compare
proposed designs to the energy budget. TDV enarggiculated by multiplying the site
energy use (kWh of electricity, therms of naturas,gor gallons of fuel oil or LPG) for
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each energy type times the applicable TDV multipfierDV multipliers vary for each
hour of the year and by energy type (electricigtunal gas or propane), by climate zone
and by building type (low-rise residential or naidential, high-rise residential or
hotel/motel). TDV multipliers are summarized inrtohppendix JA3—2008.

Figure 12 shows the TDV multipliers for commerdaildings in climate zone 12
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resource as a function of time. zone 12 (Sacramento) for commercial electrical poweuring
the year and the month of July.

18 California Energy Commissio2008 Building Energy Efficiency Standards for resitial and
Nonresidential BuildingsCEC-400-2008-001-CMF, December 2008, p48.

19 California Energy Commission, “Appendix JA3 — Tiependent Valuation (TDV),”
http://www.energy.ca.gov/title24/2008standardsmma&ing/documents/pre-15-

day language/appendices/joint _appendices/JA%203ADFDV%20-%20Rev5-15-day.pdDct 3,
20009.
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The use of the variable TDV incentivizes archit¢otdesign the buildings to
avoid using power during peak periods. Since atadtpower can not be stored, some
designs have resorted to freezing ice during tgbtrwhen power is affordable and then
chilling the circulated air with the ice during tday. This thermal energy storage (TES)
is an untended consequence of Title 24 since iteoayenergy (BTUs) while saving
dollars. However, ifenewableenergy is “stored” as ice, then source energy and
emissions may be reduced and construction of nevepplants and transmission lines
may be delayed or eliminat€dIf properly engineered, TES techniques can sarrgy

at night with lower outdoor temperatures, and ditgrsave enerdy.

Another significant difference between Title 24 d@hd Standard 90.1 deals with
acceptance testing. Title 24 is quite detailed iraggifunctional performance tests that
take place after the completion of construction #reddocumentation of the acceptance
tests required for the certificate of occupancycdntrast Standard 90.1 requires

verification tests, but “doesn’t provide any guidaron how to specify these tests.”

2.1.2 Metering

In searching for additional energy efficiency regidns that impose requirements
upon the building design and performance, it wétcdit to find much beyond building
codes. However, there seemed to be a tide of stteréwo aspects of energy
consumption metering: sub-meters and smart méfars.interface between the building
and its energy sources is becoming a focus oftaiteand offers a lever to move the

industry towards more energy efficient behavior.

Sub-meters are relevant to buildings shared amargup of tenants. Typically a
building has a single meter, and the landlord idetuthe average utility costs in the lease

agreement, thereby removing any incentive for temmconserve energy. Various

2 CALMAC--Thermal Energy Storage, Off-Peak Cooliige Rinkhttp://www.calmac.com/Oct 3, 2009.

2L D.P Fiorino, “Energy conservation with thermaltyasified chilled-water storage ASHRAE
Transactionsv 100, n 1, 1994, p 1754-1766.

%2 0p cit, Mark Hydeman, p51.
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jurisdictions around the country (New York CityMassachuseft} etc) are considering
requiring sub-meters for all multi-tenant buildingkether residential or commercial to

eliminate this market failure.

Smart meters address a different market problera.tifire dependent valuation
of energy acknowledges the capital investment cdtacthby utilities to meet peak
demands. Unfortunately the common meters in usgytpdovide no feedback to
customers and no warnings to indicate it would d effective for them to shed some of
their load during these peak periods. Furthermiogeetis no mechanism to program
automatic load shedding. Smart meters and theorapanying software address both of
these issues. Smart meters will be essential coemeiior smart electrical grids that
seek to use intermittent renewable energy souikesvind and solar to provide a
significant fraction, 20% to 50%, of the aggregadever for the grid. While in most
jurisdictions there are no requirements for smatars, Texas passed legislation

requiring their us@.

2.1.3 Demand side management (DSM)

In this section, the focus changes from the eneogygumption of our buildings to
their energy sources—the utilities. The discussibtie regulation of energy suppliers
acknowledges the interaction of the supply and aehs&des of the energy business and
is unique in this thesis. While all the other intErtions discussed here target the
designer, builder, and owner directly, the indiiegplications of photovoltaic
installations on our buildings and the broad rdléhe electrical power utilities with

buildings require knowledge of utility operationdaregulation.

The initial model for energy utilities was thatradtural monopolies. Either
energy service would be provided by a utility owrgda governmental jurisdiction or
the utility would be privately owned and regulatgda public utility commission. In the

% Jennifer V. Hughes, Electricity: Saving by Submietg
http://www.habitatmag.com/publication_content/satie _environment_save the world/electricity subme
tering Oct 5, 2009.

4 Getting to Zero, Massachusetts Zero Net Energ{dBujs Task Force, March 11, 2009, p14.

% Rebecca SmittSmart Meter, Dumb Idea? April 27, 2009,
http://online.wsj.com/article/SB1240504161424485&5l#printMode.
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latter case the rates for energy sales were négotia provide an established rate of
return on the utilities’ undepreciated investmeiitis model resulted in highly leveraged
utilities that sought to increase energy salesrRoi the first oil crisis in 1973, this was a
viable model.

However, subsequent to the crisis, two laws pabgdbe federal government
permanently changed the electric utility industrige first, called the Public Utilities
Regulatory Policies Act of 1978 (PURPA), requirdilities to purchase power from
nonutility generators at posted prices equivalernhé cost of power that the utility would
otherwise generate. This law acknowledged thaetomomies of scale underlying the
natural monopoly in electricity generation were &x$ted and that utilities’ power to
limit competition in the market was not in the pgabhterest. The second law, the
National Energy Conservation Policy Act of 1978 @A) required utilities to provide
an energy audit service to residential customerss [Aw recognized that saving energy
was cheaper than producing it. Although this progveas not called demand side

management (DSM), it gave birth to the conceptcivigrew in subsequent years.

Energy efficiency advocates introduced the termastecost planning” to describe
a new planning process. Whereas in the initial motiliies made capital investments
without prior approval from regulators, least-cpsinning was based on the notion that
alternatives to new power plant construction—esghcihose available from managing
customers’ energy demands—could meet customersjgiservice needs at lower cost.
At a minimum least-cost planning required utilittesreview their planned resource
investments with regulators and the public in adeasnd to obtain prior approval for
their acquisitions. Conceptually, least-cost plagrdiffered from traditional planning by
treating future load growth as an outcome of amlanprocess rather than the default
assumption. Consequently, utility planners hadite gqual consideration to both supply

and demand-side options.

As a result of this energy efficiency advocacy, DBiMgrams grew significantly
in the ‘80s and early ‘90s as shown in Figure 13.
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lower than the average costs Figure 13. Electric Utility Demand-Side ManagemenPrograms,
1989-2007. See the legend for units on the verticadale. Data source:
used to establish the approvechttp://www.eia.doe.gov/emeu/aer/txt/ptb0813.html

rates. Two regulatory strategies have been develtpevercome this incentit®

The first compensates utilities for the margin tpmee from sales “lost” as
a result of cost-effective DSM programs. The secaledouples” revenue
from sales. Decoupling requires establishing amagdarget that is
independent of sales and creating a balancing atéouthe difference
between revenues actually collected and the reviamget. The balance is
cleared annually through either an increase oredeserin the subsequent
year’s revenue target. As a result, the utility hasncentive to increase
loads and no disincentive to reduce loads becatskerévenues are
independent of actual sales volumes in the shatt ru

Some states encourage DSM energy conservatiorthvatbreation of financial

incentives for utilities. The utility may ear’a

* Percentage of the money spent on DSM as an ineentiv

e Bonus paid in $/kWh or $/kW based on the energyapacity saved by a
DSM program

* Percentage of the net resource value of a DSM anegNet resource
value is measured as the difference between th#ielgy system’s

avoided production costs and the costs requiredrtahe program.

% Joseph Eto, The Past, Present, and Future of Uiy Demand-Side Management Programs, Lawrence
Berkeley National Laboratory, December 1996, p9.

27 |bid, p10.
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Under the first two measures, the utility has areirtive to pursue DSM programs
without regard to their cost effectiveness. Thedtinmeasure is most popular since it
directly aligns the utility’s interest with sociédyinterest in promoting energy efficiency
only when it is cost effective. The success of éhmsw regulatory measures appears to be
a key factor in changing utilities’ perception bétr role—from providing an energy

commodity to one of providing energy services.

DSM does not focus exclusively on energy savingsalso considers avoidance
of the expense of new plant construction. DSM messsinclude electricity price
incentives intended to shift demand from peak pisrio off-peak hours. While the shift
can actually increase energy usage through thestoge techniques that introduce
inefficiencies that boost energy consumption whel@ucing costs to customers, well
designed systems can reduce both energy consungmttboosts.

As experts in energy, the utilities can continuadeance conservation. For
example the smart meter program discussed in #hequs section can be an innovative
tool in DSM programs. In California, Pacific Gaddtlectric (PG&E) notes that that the
technology provides customers with detailed eneigpge data to help them understand
how they are using energy and reports that 87 peafeactive participants in the

program have been successful in saving mhey

As architects, engineers, and builders include rmarsite power generation in
designs and buildings further decreasing the copsomof electrical power from the
grid, the opportunity for increased sales for thities is further compromised. Utilities
provide a backup power service that remains esdeawen as we pursue conservation
and distributed sources of renewable energy. Tékdp capability need not be
reinvented in our buildings. Utilities have proviteower for more than 100 years, and
as we move into an ever more efficient economyicpslmust maintain this unique

capability and ensure the viability of energy seevproviders.

8 State senator asks PG&E to prove smart metens@tawhile, http://www.smartmeters.com/the-
news/645-state-senator-asks-pgae-to-prove-smadrsiate-worthwhile.htmP8 September 2009.
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2.2 Economic instruments

The tools for economic interventions are diversa iaclude tax credit and tax
exemption schemes, premium loan schemes, energnthitadable permit schemes, and
capital subsidy programs.

2.2.1 Tax credit and tax exemption schemes

Governments have demonstrated a knack for innavattten it comes to
economic incentives in general, and energy conserva no exception. Most often
these measures exploit tax deductions or tax stddite to the complexity and diversity
of government incentives for building energy etfiacy, | will simply identify a few
federal programs, and then move to the states amicipalities.

The federal Energy Policy Act of 2005 establishédxadeduction for energy
efficient commercial buildings applicable to bothildings and their qualifying systems
placed in service after January 1, 2006, and follgwgeveral extensions, it remains in
effect through 201%. It covers systems such as furnaces, boilers,fheaps, air
conditioners, caulking/weather-stripping, duct&ealing, building insulation, windows,
doors, siding, roofs, and comprehensive whole-ingldneasures. This same act also
authorized individuals to receive a tax creditdéaergy improvements to existing
residences. The residential scope includes eldotat pump water heaters, electric heat
pumps, central air conditioners, water heatershemidvater boilers fired with natural gas,
propane or oil, advanced main air circulating faamg] biomass stoves. The tax credit was
initially limited to purchases made in 2006 and 200ith an aggregate cap of $500 for
qgualifying purchases. Subsequent legislation exddride credit to include purchases
made through 2010 and replaced the $500 cap viith500 aggregate cap for
installations made in 2009 and 2610

Governments at the state or local level have dgeel@ myriad of tax-based
incentives. These jurisdictions should be regaatedxperimental laboratories that are

2 DSIRE: Incentives/Policies by State: Federal: mives/Policies for Renewables & Efficiency
http://www.dsireusa.org/incentives/index.cfm?stafare=1&EE=1 Oct 9, 2009.

% Ibid.
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attempting to modify the behaviors of commercial agsidential building owners to
achieve better conservation performance. Browsingugh Table 1 will give the reader a

sense of the variety of legislative approachesetily in use.

Table 1. lllustrative sample of campaigns and incdive programs sponsored by state and local
jurisdictions. Extracted from EPA’s list of jurisdi ctions leveraging Energy Star tool¥.

State/Municipality| Policy Summary

State of NM HB 534: To qualify for income tax credits, applicants mdstmonstrate
Sustainable that the commercial building is 50 percent moréefht than
Building Tax an average building of the same type using EPArgéta
Credits Finder.

State of NJ NJ Pay for Under the Pay for Performance program, commerciidling
Performance owners are given technical assistance with deve¢pand
Program implementing an Energy Reduction Plan to reduceggnese

by 15 percent or more. Participants benchmark enasg in
EPA's Portfolio Manager to verify the required 1érgent
threshold savings.

State of NJ NJ Local The Local Government Energy Audit Program providesl
Government governments with cost-subsidized energy auditsrfionicipal-
Energy Audit and local government- owned facilities to identifyst-
Program justified energy efficiency measures. Participdr@achmark
energy use in EPA’s Portfolio Manager to target ey
savings.
State of PA PA Small The PA Small Business Energy Efficiency Grant paogr

Business Energy | makes funds available to for-profit small businesbat are
Efficiency Grants | completing eligible energy efficiency improvements.
Applicants must benchmark in EPA’s Portfolio Manatge
provide projected energy savings and energy consomgata
before and after the completion of the energy iefficy
upgrade.

2.2.2 Premium loan schemes

Subsidized loan schemes form the second broad eebnomic instruments.
Often restricted to housing, the concept is thalalic institution provides loans at below
market rates to qualified buyers for the purchassoastruction of homes that meet
government efficiency standards more restrictiantburrent building code
requirements. Advocating a variation of this coricé&pchitecture 2030 argues that if use

of such loans were used to jumpstart the construdtusiness in the current economy

3LEPA, State and local governments leveraging Enstgy, June 3, 2009, p2,
http://www.energystar.gov/ia/business/governmeatéSt ocal_Govts_Leveraging_ES.pdf
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through funding of efficiency upgrades, then thdtiplicative effect of injected money

would not only revive the economy, but the enemapirsgs would pay off the loaffs

2.2.3 Energy taxes and tradable permit schemes

The third approach to increase energy efficiencgugh economic measures is to
raise the cost of energy and then allow market&e®to drive efficiency improvements.
Typically the cost of energy is increased by eitlging fuels or placing a value on
heretofore “free” emissions. These policies argueatly termed “carbon tax” and “cap
and trade,” respectively, and both seek to assigysaito the “externality” that the
traditional market ignores. Economists describemslities as those “situations in which
the action of one economic agent affects the wailhdpor production possibilities of

another in a way that is not reflected in markéates.?

Europeans have maintained a
high energy cost for decades through energy taxesin 2005 launched the European
Union (EU) cap and trade system. Endeavoring totaai low energy prices to
encourage continued economic growth, the US hasled@arbon taxes and carbon
trading schemes until 2009. The proposed WaxmarkdjaBill includes provisions to

establish a cap and trade system.

By placing a “bounty” on emissions from fuel congtion, emitters have an
incentive to reduce emissions. More efficient comes emit less, and can sell their
emission permits to those failing to reduce. Thnesihcreased costs of inefficiency and

emissions push companies towards efficiency measuth greater market pressure.

2.2.4 Capital subsidy programs

The US has programs for grants to assist in impigpthe energy efficiency of
buildings. Typically such grants were reservedts income families that received
assistance through the Weatherization Assistanogr&n. However, with the economy

in need of stimulus, grants are available throdghAmerican Recovery and

32 Climate Change, Global Warming, and the Built Eominent - 14x Stimulus for State and Local...
http://www.architecture2030.0rg/14x_stimulus/14xmsius.htm| Oct 9,2009.

¥ Elise Golan, Barry Krissoff, Fred Kuchler, “Do Rbbabels Make a Difference? . . . Sometimésyiber
WavesNovember 2007, p15.
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Reinvestment Act of 2009 to mitigate energy efficig problems in public buildings
through a proposal process administered by thesstahd to address efficiency

improvements in the homes of low to moderate inctanglies.

2.3 Information tools

The information tools in use by governments inclotendatory or voluntary
building energy labeling, environmental labelingooilding materials and products,
energy audit programs, green leases, and otheey. Sitare the common feature that
governments consider requiring publication of infation essential to the efficient
operation of the marketplace whether the produftiad or buildings. Unlike food
packaging that has mandatory labeling, governnemtsot agree whether such

information tools for buildings should be mandatoryoluntary.

2.3.1 Mandatory building energy labeling

Building energy labeling seeks to provide informatto owners, buyers, tenants,
and the public regarding the energy performandaudélings. Depending upon the
labeling scheme, the building may have a wall medmtiaque or simply an undisplayed
certificate. Accompanying documents may includengjietive data on the energy
consumption of the buildings and its primary eleeirand mechanical systems. The
guantitative performance data results in the assggm of a grade to the building, for
example, A-G for the EU labeling system. Some gavents consider this information
so critical to market transactions that they mamdatch building energy labeling, e.g. the
EU.

2.3.2 Voluntary building energy labeling

In the US our assorted building energy labelingesobs are generally voluntary.
While the procedures of the labeling schemes amesdig with respect to the question of
voluntary or mandatory compliance, the distincti®so significant that | place these two
options under separation headings to emphasizehthiee. The efficacy of the

intervention will vary with this degree of compulsess.
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Today the information that would allow buyers aadants to discriminate
between apparently comparable buildings is oftdramailable. As a first guess, the
untrained public might suspect that newer buildimgght be better than older ones.
However, this assumption is invalid as shown iruFegl4, which plots the energy use
intensity (EUI) distribution
for 4,000 office buildings
studied by the Environmenta
Protection Agency (EPA).
Vertical lines at 86 and 166
kBTU/ft?/year identify the
breakpoints for the top and
bottom performing quartiles

in the distribution,

respectively. In the top

Figure 14. The distribution of the number of buildings as a
quartile, 39% of the buildingsfunction of energy use intensity for 4000 office Lldings in the
CBECS survey. Ref: Jean Lupinacci, “Green Buildings
are less than 25 years old  Regulatory and Legislative, Initiatives”, March 20,2008

while in the bottom quartile
an approximately equal number, 35%, are less tbayears old. These counterintuitive
data demonstrate that building age does not praviggeful metric to assess building

energy performance. What metric might be more ké&?pf

There are two types of rating scales in generafarsevaluating building energy
performance: statistical and technical. The fundaalgerformance metric is the EUI
obtained by dividing the annual total of sourcerggeonsumed from all fuels used in
the building by the total floor area inside itslding envelope. Then simple corrections
must be applied to “normalize” this raw performanueetric to account for differences in
climate, building size, number of occupants, opegaschedule, and plug loads, e.g. the
number of PCs in use inside the building. Stati$ticethods use a frequency distribution
of the EUIs for the population of buildings sampéedshown in Figure 14 and rate a
building according to its percentile location irttistribution. The commercial Energy
Star rating, based on the Commercial Buildings gn€&onsumption Survey (CBECS)
database, is the leading method for this type torigan the US. The simplicity of such
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statistical methods is attractive, but they offemneans by which to evaluate designs not

yet built.

Technical rating methods are somewhat more complex.EUI is mapped onto a
scale nominally from 0 to 100 points. To definestlmear mapping, we must first define
the correspondence of two reference EUls with gaontthe scale. While the reference
points for this mapping are somewhat arbitrarypadgchoice will make the scale more

useful to designers, builders, owners, investard,faanciers.

In response to climate change and resource dep|eieergy efficiency advocates
have campaigned to increase building efficiency.és@mple, in 2006 Architecture 2030
established the 2030 Challenge to motivate dessgioeatim for net zero energy use in all
new buildings in 2030. With the prominence of tle¢ zero energy building (NZEB), it
makes sense that it would be one of the refereacgspon the technical rating scale.

What other reference point is logical and meanihigiuuse as the second datum?

All currenttechnical ratings methods require whole buildingudations, which
demand detailed knowledge of the building geometgterials, and active systems.
Typically these methods define a standard buildiegved algorithmically from the
building parameters of the building to be ratedifvgitandard features such as insulation
dependent upon climate zone, identical floor amg$&ration areas, etc). This standard
building is simulated and its calculated EUI usedefine the second point on the rating
scale that we use to compare the proposed buiklcejtulated EUI.

Alternatively the second point could be definedresaverage EUI taken from the
distribution of EUIs of a statistical sample of regentative buildings. While this
approach mixes concepts from the statistical ampreath the technical approach, it
enables comparisons to both the net zero buildnaigtiae typical building in the

inventory. Comparison of the technical and stai@tscales is summarized in Figure 15.

The most significant difference between the tedrand statistical rating scale is
that a statistical scale is limited to the perfomceof buildings within the existing
population. The technical rating provides differation on the scale for high
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performance buildings that are under- statistical Technical

represented in the population sample scale Sl -
100 NetZero
used to derive the statistical scile = 5
80
Additional information 100 = 0
regarding the history and the emerging I I "

trends of building energy labeling are

| -
=

presented in Appendix A.

2.3.3 Environmental labeling E L . Average
of building materials and £ ;z
products EUI high m % g j;

While the labeling of building A N .

energy efficiency is intended to I 10

facilitate the well-informed sale and I

0

lease of buildings, the energy labeling

of materials can help the architects, Figure 15. Example of graphical comparison of the

) . _statistical and technical scales. The statisticatale is
engineers, and builders as they desigrdefined by percentiles from the distribution of EUE.
The technical scale in this example assigns net per
energy buildings a score of 100 and an average Ed
score of zero

and construct buildings. There will be
no high-performance buildings without
high-performance materials and high-performancetielenechanical systems to install
in buildings. Consequently the testing and cediftmn of materials and products is a key
step in the process. Attention to both embodiedggnand operational performance will
be necessary. The US Environmental Protection AgéaeA) has a successful
voluntary program for testing, certifying and lahglequipment, appliances, lighting,
insulation and windows for use in buildings. Foaele a similar voluntary program in
the EU is now supplying 98% of European custometis refrigerators rated “A” on the

EU scale of A-G—a testament to the market powénfofmed customers.

3 ASHRAE Building Energy Labeling Ad Hoc Committégyilding Energy Quotient: Promoting the
Value of Energy Efficiency In the Real Estate Marlkane 2009, p6.

% David Roberts, More Tidbits from the Energy Eféioty Global Forum, Grist,
http://www.grist.org/article/2009-04-30-more-tidbiefficiency/ 30 Apr 2009.
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2.3.4 Energy audit programs
The OECD reports that five Member States have implaged energy audit

programs that provide owners of buildings with t@chl assistance for upgrading the
energy efficiency of buildings. For example the EyePerformance Advice Program in
the Netherlands conducts audits and gives enefigyegicy recommendations using
government supplied software and financial supfdrt New Jersey the Local
Government Energy Audit Program provides localsdidtions with cost-subsidized
energy audits for municipal and local governmentiitées to identify cost-justified
energy efficiency measurésThe information obtained from the energy audites

refurbishment of the surveyed buildings.

2.3.5 Other intervention innovations

2.3.5.1Green leases

Unlike the other interventions discussed in thigpthr, “green” leases are the
invention of private enterprise. Additional infortitan is available from the Building

Owners and Managers Association (BOMA) in tf@ieen Lease Guide

In the leasing business there are two sorts of comyrused leases: gross and
net. A gross lease covers everything: space rartthlies, insurance, taxes, and utilities.
Although there are rent escalation clauses thatrcpetential inflationary increases in
space rental, the owner is generally exposed tbicogases and volatility in the other
areas—especially energy costs. Consequently madstlaf/’'s contracts are net leases that
effectively transfer all risks for building openagi costs to the tenants.

Under a net lease tenants generally pay a prosiige of the building’s cost of
operation based on their fraction of the floor gp@cthe building. Uncontrolled energy

consumption follows from two problems: (1) the dinlg owner has no incentive to

% Op cit, OECD, p37.

3" Local Government Energy Audit | NJ OCE Web Sité&)://www.njcleanenergy.com/commercial-
industrial/programs/local-government-energy-aunii@l-government-energy-audioct 10, 2009.

3 New BOMA Green Lease Guide Offers Solutions foiititg Sustainability into Lease Agreements
http://www.boma.org/news/pressroom/Pages/press@32px Oct 10, 2009.
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upgrade building efficiency since the costs foctleity and gas are passed through to
tenants and (2) any conservation measures adoptagarticular tenant are shared by all
so there is no incentive for the tenant to consefhes neither owner nor tenant has any

motivation to conserve.

The solution to this dilemma is to adopt a modifigceen” gross lease. The
responsibility of the building operation and itstare returned to the building owner.
As opportunities present themselves, the ownermalke appropriate capital upgrades to
the building to increase its energy efficiency, @ads along to the tenants the amortized
cost of the enhancement. The amortized cost musixoeed the amount saved in utility
costs, so the tenant is guaranteed a savings. tilignig owner benefits since he
capitalizes the upgrade expense via increasedibgilélue. To account for after-hours
use or to prevent excess energy consumption byrawerick tenant, the lease provides

for the sub-metering of each tenant’s energyse

2.3.5.2Energy Performance Contracting

Energy Performance Contracting (EPC) is an inngedtnancing technique that
uses cost savings from reduced energy consumticeptly the cost of installing energy
conservation measures. It shares this strategygsttén leasing. Normally offered by
Energy Service Companies (ESCOSs), this approaotvalbuilding users to achieve
energy savings without up front capital expenség dosts of the energy improvements
are borne by the performance contractor and paill bat of the energy savings. Other
advantages of this approach include the abilitys® a single contractor to do necessary
energy audits, to perform the refurbishment, angutarantee the energy savings from a

selected series of conservation measures.

Like the green lease, this initiative comes from phivate sector in response to
market opportunities. However, 20 years ago EPCstasilated by enabling legislation

% Tony's Building Energy Performance Blog: "Greertakes Growing
http://blog.bepinfo.com/2009/02/green-leases-gravtitml, July 25, 2009.
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that encouraged jurisdictions to contract with ES@®achieve these energy savifigs

Subsequently ESCOs operated without funding sugpmr t such policies.

While this seems like a great opportunity for origathons that lack capital funds
or credit capacity to cover the costs for improvatagit extends the financial
“leveraging” of firms through the use of “off-balegsheet funding®™ After the recent
experience with highly leveraged firms on Wall $tre¢his approach may be less

popular. Failures of business clients can havestrafghic ripple effects among ESCOs.

2.3.5.3Recognition

Jurisdictions have seized the opportunity to imgetiow-cost or no-cost
programs based on energy conservation awarenekmafad by information. As
summarized in Table 2, these programs are locdletigges or competitions to increase
energy efficiency and rely upon the visibility bkt“event,” information, and the human
urge to compete. Not only do such events increfimgeacy, but the elevated awareness

in the community will multiply energy savings amaihg non-competitors.

“0 Energy Performance Contractitiatp://www.cogeneration.net/EnergyPerformanceCatitig.htm Oct
11, 2009.

*1 Greg Zimmerman, Making ESCOs Pay, May 2009,
http://www.facilitiesnet.com/energyefficiency/atédViaking-ESCOs-Pay--10826
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Table 2. lllustrative sample of innovative programssponsored by state and local jurisdictions.
Extracted from EPA’s list of jurisdictions leveraging Energy Star tool$>.

State/Municipality| Policy Summary
City of Green Path This program encourages and facilitates voluntasigh and
Albuquerque, NM | Program construction of energy-efficient buildings that mee

measurable criteria, which includes earning DesigoeEarn
the ENERGY STAR through EPA’s Target Finder.

City of Chicago,
IL

Chicago Green
Office Challenge

Participants in the Chicago Green Office Challewgkuse
EPA’s Portfolio Manager to track energy and watss and
compile results at the end of the contest period.

City of Louisville,
KY

Louisville
Kilowatt
Crackdown

Participants in the Louisville Kilowatt CrackdowrilMrack
and work to improve their building’s energy useéEiRA’s
Portfolio Manager. The competition is open to ovgreend
managers of all commercial buildings in the city.

City of Portland,
OR

BOMA Energy
Showdown

Participants in the BOMA Portland Office Energy Skdown
will track and work to improve their building’s engg use in
EPA’s Portfolio Manager. The competition is operotners
and managers of commercial offices.

City of San
Francisco, CA

Earth Hour 24x7
Energy Challenge

Participants in the San Francisco Earth Hour 24x@rgy
Challenge will track and work to improve their ldifg’s
energy use in EPA’s Portfolio Manager. The comjuatits
open to owners and managers of office buildingselhpretail
stores, hospitals, medical office buildings, supsiats, and
schools.

City of Seattle and
King County, WA

BOMA Kilowatt
Crackdown

Participants in the BOMA Seattle/King County Kilotiva
Crackdown will track and work to improve their ldiilg’s
energy use in EPA’s Portfolio Manager. The comjuetits
open to owners and managers of commercial offices.

New England
EPA Region 1

EPA Region 1
Community
Energy Challenge

This campaign challenges communities across NeviaBdg
to assess energy use, improve energy efficiend/pasmote
energy efficiency and renewable energy to local games.
Communities that take part in the New England Comityu
Energy Challenge are provided with assistanceydint
Web-based training on EPA’s Portfolio Manager.

State of WI

WI Lt. Governor
ENERGY STAR
School Challenge

This program challenges 100 new WI school disttict®in
as ENERGY STAR partners and reduce energy use by 10
percent or more across their building portfolioartRipating
school districts agree to measure and track energy
performance using EPA’s Portfolio Manager and setgand
plan improvements based on ENERGY STAR Guidelioes
Energy Management.

f

“20p cit, EPA.
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2.3.5.4Metering disclosure

Washington, D.C. has adopted legislation that edtlose energy consumption
data for all non-residential facilities, stipulaithat data will be made available to the
public through Portfolio Manager with the progratarsng in January 2010 and full
implementation by 2073 This recognition will reward efficient buildingimers and

embarrass those with energy “hogs.”

3 Leslie Cook, NASEO EPA ENERGY STAR Update, EPApt®enber 2008, p10,
http://www.naseo.org/events/annual/2008/presemsti©ook. pdf
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3 The opportunity

The preceding chapters have established that ty¥rensumption has grown
exponentially as it has driven economic growthe2grgy consumption has created
environmental hazards, 3) economic and environrheatang opportunities exist and
have not been fully exploited, and 4) commercialdings have not improved their
energy performance significantly in the last 30rgaa contrast with other building
sectors. Furthermore there are a plethora of pofiegsures which could facilitate

realizing these savings if effectively implemented.

While in the past these interventions have beehemented haphazardly at the
local, state, and national levels, in the midghefcurrent economic downturn, the US
Congress appears ready to act. In an attemptze #&s energy opportunity, the House
of Representatives narrowly passed the Waxman-MaBKein a vote of 219 to 212 on
June 26, 2009, and the bill moved to the Senatddbate and revision. As it left the

House, the significant features of the Bfil:

* Require electric utilities to meet 20% of theirattecity demand through

renewable energy sources and energy efficiency0B( 2

* Investin new clean energy technologies and eneffgyiency, including energy
efficiency and renewable energy ($90 billion in newestments by 2025), carbon
capture and sequestration ($60 billion), electnid ather advanced technology
vehicles ($20 billion), and basic scientific resaand development ($20 billion)

* Mandate new energy-saving code and labeling stdadar buildings,

appliances, and industry

* Reduce carbon emissions from major US sources #ydy’2020 and over 80%
by 2050 compared to 2005 levels. Complementary uneasn the legislation,
such as investments in preventing tropical defat&st, will achieve significant

additional reductions in carbon emissions

“ A useful summary of Waxman-Markey - Climate Pregrbttp://climateprogress.org/2009/06/02/a-
useful-summary-of-the-house-clean-energy-and-cbkntiit/, Sept 8, 2009.
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* Protect consumers from energy price increases.rloapto estimates from the
Environmental Protection Agency, the reductionsarbon pollution required by

the legislation will cost American families lesstha postage stamp per day

This legislation is not selective—it supports thajonity of the measures
discussed in Chapter 2. While it is understandtideusing all of the firepower in your
arsenal may be the right answer in time of wapahcy matters there areoften vested
interests that resist change. To limit resistamzkiacrease the possibility of advancing
policy for energy efficiency, more selectivity mbg essential. Consequently this thesis
seeks to identify the policy of choice to focus tlkerent political discussion and to

explore the consequences for architecture.

The present moment offers a rare opportunity toeraakeconomic and
environmental selection. Our nation and the wodthdnd our best analysis followed by
action. In response this thesis posits that bugl@nergy labeling is the policy of choice
and offers a path to improved energy performanpeaally for commercial buildings.

3.1 The question

Can building energy labeling provide a path to ioyed energy performance for

commercial buildings?
To answer the question this thesis will establitt:t
* Current building energy labeling systems are cleaoti
» Better building energy labeling schemes exist
» Building energy labeling leads to more stringentding energy codes
* Building energy labeling produces value for owreand tenants
* Building energy labeling produces value for goveents
» Building energy labeling leads toward net zero gnéildings
» Building design and construction practice must e&ol
This thesis will restrict its argument to qualit@ifeasibility and will avoid

guantitative assessments. Furthermore, there witidbattempt to formally prove that
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building energy labeling is the optimum policy irtention or even that it is effective.
Such proofs are well beyond the scope of this shasd well-funded and well-staffed
research efforts. In their Chapter 6 of the Fodsessment Report entitled “Residential
and commercial buildings,” the authors for the igtevernmental Panel for Climate
Change reportédthat “While occupant behaviour, culture and consucheice and use

of technologies are also major determinants ofggnese in buildings and play a
fundamental role in determining G@missions..., the potential reduction through non-
technological options is rarely assessed and thenpal leverage of policies over these is
poorly understood.” Yet the reader will see thabepelling case for building energy

labeling is made in Chapter 6.

3.2 The research methodology

This thesis will employ extensive research of itexature like that demonstrated
in the first two chapters, hands-on case studiés the building energy labeling tools in
use today, and synthesis of the information anee&pce. Results from the literature
research will be reported in Chapter 4, Currentggntabeling standards, and in Chapter
6, Synthesis. Chapter 5 presents the case studies.

5 Levine, M., D. Urge-Vorsatz, K. Blok, L. Geng, Barvey, S. Lang, G. Levermore, A. Mongameli
Mehlwana, S. Mirasgedis, A. Novikova, J. Rilling, ¥ioshino,: Residential and commercial buildings. |
Climate Change 2007: Mitigation. Contribution of ¥Ximg Group 11l to the Fourth Assessment Report of
the Intergovernmental Panel on Climate Change [BtzMO.R. Davidson, P.R. Bosch, R. Dave, L.A.
Meyer (eds)], Cambridge University Press, Cambriddreted Kingdom and New York, NY, USA, 2007,
p389.
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4 Current energy labeling standards

This chapter summarizes the energy metrics, ratmgsabels currently used to
characterize building energy performance. The emgr3SHRAE labeling scheme is
covered briefly in Section 4.3 since it is liketylie well received due to ASHRAE's
established energy efficiency leadership. All ainptovide the buyer or tenant a “grade”
and information to factor into their decision makirocess. Although these metrics
show significant variations, they share commongipiles and methods. Each has its own
niche and mission within the spectrum of buildiegters. The Energy Star program run
by the EPA concentrates on primarily the commeltmiglding sector whereas the Home
Efficiency Rating System (HERS) focuses upon resids only. A rating for an Energy
Star home closely follows the HERS process andvered in Section 4.2. HERS is
sponsored by the National Association of State gn@fficials (NASEO). Each of these
three building labeling systems exclusively ratergyperformance and may be based

upon measurements or simulations of designs.

Other familiar labeling standards, LEED and Gre¢wob&, are inclusive and rate
the more expansivaustainabilityperformance of buildings—energy and more.

Consequently a high rating is not necessarily ithéeinto imply that the building offers

high energy
performance. When o | .- -
LEED ratings on the | § 'S

S R BN L
horizontal axis are o o .. 1P
compared with % m! " 85 - .
Energy Star ratings 5 i ‘:':E .t 50
for the same buildings {E“": 4n] .
on the vertical axis, it ml E .
is difficult to see any | — J Bad
consistency - Cartind Siivar Gold-Platinum
whatsoever (see LEED Medlan Energy Star Rating: 68
Figure 16). Figure 16. Energy Star Rating vs. LEED Level. RefJean Lupinacci, “Green

Buildings-Regulatory and Legislative, Initiatives”, March 20, 2008.
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To shed light on this confusing situation, thedaling sections describe how
these current labels are derived and what infoonahey provide to owners, buyers and
tenants. One sees that some labeling schemestapgbgrational buildings, some to
design, and some to both. Additional detailed imfation on the history of labeling and

emerging standards is included in Appendix A.

4.1 Energy Star for commercial buildings

The EPA originally launched the Energy Star sysitem
1992 to apply energy labels to computers and coenput

equipment. Over time the scope of the rating systam

expanded to cover such diverse energy-consumingeieas
refrigerators, washing machines, light bulbs, boiddings Figure 17. Sample
Energy Star was first extended to commercial bngdiin 1995. Building Plaque.

_ _ _ ] Dimensions: width 10
As vendors improve their products, the EPA contliiyuaises  inches, height 12

o inches, Color: cyan.

the standard for the qualifying performance; sosegpiently, a
product may qualify in one year but then fail tlexta Thus Energy Star plaques carry a

date to inform consumers when the product wascksified as shown in Figure 17.

For buildings the Energy Star rating relies up@tadistical rating method. The
rating system estimates how much energy the bigjhdiould use if it were the best
performing, the worst performing, and every levebetween, based on its size, location
with its associated weather, number of occupantsiber of PCs, etc. The system then
compares the actual energy consumed to the estimdetermine where the building to
be rated ranks relative to its peers and assigesr@ in the range 1-100. For example a
score of 80 indicates that the building is bett@nt80% of its peers. Buildings in the top
quartile earn the Energy Star label. Rated buiklimgy be of the following commercial

types:

* Bank/Financial Institutions
» Courthouses
» Hospitals (acute care and children’s)

* Hotels
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» K-12 Schools

* Medical Offices

* Municipal Wastewater Treatment Plants
» Offices

» Residence Halls/Dormitories

* Retail Stores

* Supermarkets

» Warehouses (refrigerated and non-refrigerated)

All of the calculations are based on sougoergy that includes inefficiencies in
energy generation, conversion, and distributiore Uise of source energy is the most
equitable way to compare building energy perforneaand also correlates best with

environmental impact and energy cost.

To estimate how much energy a building would ussaah level of performance,
the EPA conducts statistical analysis on the datheged by the Energy Information
Administration (EIA) within the Department of Engr¢DOE) during its quadrennial
Commercial Building Energy Consumption Survey (CER(For each type of building
for which EPA offers a rating, EPA goes througligamus process that involvVés

* Ensuring that the quality and quantity of the daifasupport a rating
» Creating a statistical model that correlates trergyndata to the operational
characteristics for each building to identify threyldrivers of energy use

» Testing the model with real buildings

To be eligible for the Energy Star label a comnarouilding must meet certain
size and operational requireméfitSince the building systems could potentially be

operated in an energy saving mode incompatible itihan comfort, a Professional

6 How the Rating System Works : ENERGY STAR,
http://www.energystar.gov/index.cfm?c=evaluate_genfance.pt neprs_learAug 10, 2009.

" Ibid, p4.
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Engineer must certify that the buildings meet emwnental standards for temperature,

humidity, ventilation, and lighting as specifiedtire following document&

» American National Standards Institute (ANSI)/AmarncSociety of Heating,
Refrigerating and Air-Conditioning Engineers (ASHRAStandard 55: Thermal
Environmental Conditions for Human Occupancy.

* ANSI/ASHRAE Standard 62.1, Ventilation for Accepindoor Air Quality.

» Lighting Handbook: Reference & Application, 9th &ain. llluminating
Engineering Society of North America (IESNA).

The process that establishes an Energy Star rfatiregbuilding may be
facilitated through use of two software tools: Terginder and Portfolio Manager. Used
during design to define an energy consumption giiaiget Finder interpolates energy
consumption data from the CBECS baseline data djudta the nominal building energy
consumption for building size, number of occupahtsjrs of operation, location,
weather, etc. Used for operations to compare viitila buildings in the national
building inventory, Portfolio Manager can automte acquisition of data from the

energy supply companies. These tools will be dsedisn Section 4.1.2.

A criticism of the Energy Star label follows frommet fact that a building need
only be in the top quartile of the existing inventto achieve the rating. Unfortunately
there are few net-zero energy buildings in thaemery so the rating merely assesses
best-in-class, not the best-in-concept. Thus tgh Bnd of the point scale is strictly
relative—not absolute—and provides no means tcediskbow the building compares

with net-zero energy.

4.1.1 CBECS

The Commercial Buildings Energy Consumption Sur@BECS) is conducted
guadrennially by the EIA to provide basic statistinformation about energy
consumption and expenditures in US commercial mgkland information about
energy-related characteristics of these buildihgg.only does CBECS provide the data

82009 Professional Engineer's Guide to the ENERGARS® Label for Commercial BuildingdlS
Environmental Protection Agency Office of Air anddration, 2009,pp 8,10,14.
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that forms the basis for the Energy Star labelysiesn, but emerging labeling standards
also use these data to establish average sitellisg@ sector categories in the building
inventory. All CBECS data measures energy consumgt the on-site meter—not
energy at the production or generation site.

The survey is based upon a sample of commercildibgs selected according to
the sample design requireménits\ “building,” as opposed to an “establishmens ttie
basic unit of analysis for the CBECS because thidihg is the energy-consuming unit.
For shopping malls, however, “establishments” wenesidered as separate entities like
buildings. The 2003 CBECS was the eighth surveyaoted since 1979 and is the last
survey to be fully processed. Analysis of the diaien the 2007 survey is still incomplete

as of this writing.

The CBECS is conducted in two data-collection stageBuilding Characteristics
Survey and an Energy Suppliers Surley¥he Building Characteristics Survey collects
information about selected commercial building®tigh voluntary interviews with the
buildings’ owners, managers, or tenants. DuringBbigding Characteristics Survey,
respondents are asked questions about the busdirghow the building is used, types
of energy-using equipment and conservation measha¢sre present in the building, the

types of energy sources used, and the amount atdicenergy used in the building.

Upon completion of the Building Characteristics \&yr, the Energy Suppliers
Survey is initiated only if the respondents to Bwelding Characteristics Survey can not
provide the energy consumption and expendituresnmdtion, or the provided
information appears flawed. This Suppliers Survietams data about the building’s
actual consumption of and expenditures for siteamsrgy from records maintained by
energy suppliers. These billing data are colleateaimail survey conducted under EIA’s

mandatory data collection authority.

To be eligible for the survey, a building had to (8 larger than 1,000%t(2) a
structure totally enclosed by walls that extendrfithie foundation to the roof and must

492003 CBECS Sample Desidtttp://www.eia.doe.gov/emeu/cbecs/2003sample,himg 10, 2009.
*0 bid.
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be intended for human access; and (3) used prirfarisome commercial purpose. It
would be considered a commercial building if mdrant 50 percent of its floor area is
devoted to activities that are not residentialustdal, or agricultural. The 2003 CBECS
estimated that there were 4,859,000 buildingsimtdrget population.

Due to the number of variables that characterieesttimpled commercial
buildings, the data may be presented in numeroys.\vlable 3 shows the gross energy
intensity for all fuels as a function of buildirgjze, principal building activity, age of the
building, region of the country, climate zone, d@nd number of establishments in the
building. Note that CBECS data calculate the geldswithout adjustments for
efficiency losses at generation and during transimms These data would be corrected

for these effects when applied in Energy Star gatin
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Table 3. Consumption and Gross Energy Intensity foSum of Major Fuels for All Buildings, 2003

CBECS. Ref: Table C3A,

http://www.eia.doe.gov/emeu/cbecs/cbhecs2003/detdil¢ables 2003/detailed tables 2003.htnAug

28, 2009.
All Buildings Sum of Major Fuel Consumption
per
Floorspace per Square
Number of Floorspace per Building Total Building Foot
Buildings (million (thousand (trillion (million (thousand
(thousand) square feet) square feet) Btu) Btu) Btu)
All Buildings 4,859 71,658 14.7 6,523 1,342 91.0
Building Floorspace
(Square Feet)
1,001 to 5,000 2,586 6,922 2.7 685 265 99.0
5,001 to 10,000 948 7,033 7.4 563 594 80.0
10,001 to 25,000 810 12,659 15.6 899 1,110 71.0
25,001 to 50,000 261 9,382 36.0 742 2,843 79.0
50,001 to 100,000 147 10,291 70.2 913 6,230 88.7
100,001 to 200,000 74 10,217 138.6 1,064 14,436 104.2
200,001 to 500,000 26 7,494 287.6 751 28,831 100.2
Over 500,000 8 7,660 937.6 906 110,855 118.2
Principal Building Activity
Education 386 9,874 25.6 820 2,125 83.1
Food Sales 226 1,255 5.6 251 1,110 199.7
Food Service 297 1,654 5.6 427 1,436 258.3
Health Care 129 3,163 24.6 594 4,612 187.7
Inpatient 8 1,905 241.4 475 60,152 249.2
Outpatient 121 1,258 10.4 119 985 94.6
Lodging 142 5,096 35.8 510 3,578 100.0
Mercantile 657 11,192 17.0 1,021 1,556 91.3
Retail (Other Than Mall) 443 4,317 9.7 319 720 73.9
Enclosed and Strip Malls 213 6,875 32.2 702 3,292 102.2
Office 824 12,208 14.8 1,134 1,376 92.9
Public Assembly 277 3,939 14.2 370 1,338 93.9
Public Order and Safety 71 1,090 155 126 1,791 115.8
Religious Worship 370 3,754 10.1 163 440 43.5
Service 622 4,050 6.5 312 501 77.0
Warehouse and Storage 597 10,078 16.9 456 764 45.2
Other 79 1,738 21.9 286 3,600 164.4
Vacant 182 2,567 14.1 54 294 20.9
Year Constructed
Before 1920 333 3,784 11.4 303 912 80.2
1920 to 1945 536 6,985 13.0 631 1,177 90.4
1946 to 1959 573 7,262 12.7 588 1,026 80.9
1960 to 1969 600 8,641 14.4 791 1,317 91.5
1970 to 1979 784 12,275 15.6 1,191 1,518 97.0
1980 to 1989 768 12,468 16.2 1,247 1,622 100.0
1990 to 1999 917 13,981 15.2 1,262 1,376 90.2
2000 to 2003 347 6,262 18.1 511 1,473 81.6
Census Region and Division
Northeast 761 13,995 18.4 1,396 1,834 99.8
New England 252 3,452 13.7 345 1,368 99.8
Middle Atlantic 509 10,543 20.7 1,052 2,064 99.7
Midwest 1,305 18,103 13.9 1,799 1,379 99.4
East North Central 728 12,424 17.1 1,343 1,846 108.1
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West North Central 577 5,680 9.8 456 790 80.2
South 1,873 26,739 14.3 2,265 1,209 84.7
South Atlantic 926 13,999 15.1 1,241 1,340 88.7
East South Central 360 3,719 10.3 340 944 91.4
West South Central 587 9,022 15.4 684 1,164 75.8
West 920 12,820 13.9 1,063 1,156 82.9
Mountain 316 4,207 13.3 446 1,411 106.1
Pacific 603 8,613 14.3 617 1,022 71.6
Climate Zone: 30-Year Average
Under 2,000 CDD and --
More than 7,000 HDD 882 11,529 13.1 1,086 1,231 94.2
5,500-7,000 HDD 1,229 18,808 15.3 1,929 1,570 102.6
4,000-5,499 HDD ............ 701 12,503 17.8 1,243 1,773 99.4
Fewer than 4,000 HDD 1,336 17,630 13.2 1,386 1,038 78.6
2,000 CDD or More and --
Fewer than 4,000 HDD 711 11,189 15.7 879 1,236 78.6
Number of Establishments
One 3,754 45,144 12.0 4,167 1,110 92.3
2to5 762 12,565 16.5 1,161 1,525 92.4
6to 10 117 3,358 28.6 378 3,222 112.6
11to 20 47 3,369 71.8 307 6,540 91.1
More than 20 22 5,060 227.3 473 21,234 93.4
Currently Unoccupied 157 2,161 13.8 37 237 17.2
Energy Sources (more than
one may apply)
Electricity 4,617 70,181 15.2 6,522 1,413 92.9
Natural Gas 2,538 48,473 19.1 5,042 1,987 104.0
Fuel QOil 465 16,265 35.0 1,867 4,012 114.8
District Heat 67 5,576 83.1 1,029 15,337 184.6
Energy End Uses (more than
one may apply)
Buildings with Space Heating 4,182 66,446 15.9 6,370 1,523 95.9
Buildings with Cooling 3,825 63,560 16.6 6,149 1,608 96.7
Buildings with Water Heating 3,659 62,827 17.2 6,158 1,683 98.0

See "Guide to the Tables" or "Glossary" for further explanations of the terms used in this table. Both can be accessed from
the CBECS web site http://www.eia.doe.gov/emeu/cbecs.

Q=Data withheld because the Relative Standard Error (RSE) was greater than 50 percent, or fewer than 20 buildings were
sampled.

N=No responding cases in sample.

Notes: e Statistics for the "Energy End Uses" category represent total consumption in buildings that have the end use, not
consumption specifically for that particular end use. « HVAC = Heating, Ventilation, and Air Conditioning. e Due to
rounding, data may not sum to totals.

Source: Energy Information Administration, Office of Energy Markets and End Use, Forms EIA-871A, C, and E of the 2003
Commercial Buildings Energy Consumption Survey.

4.1.2 Target Finder/Portfolio Manager

Target Finder is an interactive online tool provdey the EPA that may be used
during the design process to establish energy copson goals and assess design
performance. If desired, the project can applytier‘Designed to Earn the ENERGY
STAR” certification from the EPA and use the asatezl logo on project documentation
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during the life of the project. In the preliminadgsign phase Target Finder calculates the
total energy consumption allowed for the specitiedign parameters. Then during the
schematic-design phase, the estimates of energyuuowtion for the building can be
compared to the Energy Star limits to establiska@rgy Star rating and apply for the
“Designed to Earn the ENERGY STAR?” certification.

The EUI generated by Target Findfereflects the distribution of commercial
buildings derived from 2003 CBECS. The requirechdaputs are the primary drivers of
energy use. The zip code is used to determinelithate conditions that the building
would experience in a normal year based on a 30¢/gaate average. The total annual
EUI for the target is based on the energy mixdrafienergy from electricity or gas to
the total energy for the building) establishedtfa zip code, and this default is
displayed. While users may enter their own mixctieity must be selected as one of the
choices. Site and source energy calculations anaged for both EUI and total annual

energy. The EPA rating is then calculated from se@nergy use.

Portfolio Manager is an interactive online energgnagement tool provided by
the EPA that helps you track and assess energwatadt consumption within individual
buildings as well as across your entire buildingtfotio if applicable. You may enter
energy consumption and cost data into your Podfiglanager account to benchmark
building energy performance against other buildinghe US, assess energy
management goals over time, and identify strategportunities for savings and
recognition opportunities through the EnergySthelaSome energy service providers
offer the option to automatically download buildiegergy and water consumption via

Portfolio Manager.

Managers can efficiently track and manage any mgldesources through the use

of Portfolio Manager. The tool allows you to stréia your portfolio’s energy and

*L Target Finder : Energy Star,
http://www.energystar.gov/index.cfm?c=new_bldg_dedius_target findeAug 28, 2009.
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water data, and track key consumption, performaaee,cost information portfolio-

wide. The tool enables you“fo

» Track multiple energy and water meters for eachityac

* Customize meter names and key information

* Benchmark your facilities relative to their pastfpemance

* View percent improvement in weather-normalized sew@nergy

* Monitor energy and water costs

» Share your building data with others inside or m&®f your organization

» Enter operating characteristics, tailored to egats-use category within your

building.

For commercial building types supported by CBEG#) gan rate their energy
performance on the Energy Star scale of 1-100ivel&t similar buildings nationwide.
Note that your building is not compared to the othgldings entered into Portfolio
Manager to determine your rating. Instead, statllti representative models are used to
compare your building against similar buildingsnirthe CBECS survey discussed in
Section 4.1.1. Your building’s peer group of comgam is those buildings in the CBECS

survey that have similar building and operatingrabgeristics.

4.2 NASEO and RESNET

Both the EPA and the National Association of SEtergy Officials (NASEO)
have vested interests in the energy ratings systeaesto their different roles in the
federal and states governments, their actionseitken synchronized nor coherent, yet
their intent is to promote energy conservation tigiotheir building labeling initiatives.
NASEO established the Energy Rated Homes of Am¢E&HA) in 1981, and the
ERHA created its Home Energy Rating System (HERS)He residential sector. The
EPA has embraced HERS for its home labeling sifé2 1

%2 portfolio Manager Overview,
http://www.energystar.gov/index.cfm?c=evaluate_genfance.bus_portfoliomanagéwug 29, 2009.
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In April 1995, the NASEO and ERHA founded the Resitibl Energy Services
Network (RESNET) to develop a national market for home energycasiystems and
energy mortgages. RESNET's activities are guided tmprtgage industry advisory
council composed of the leading national mortgageetives. Two type of energy
mortgages enabled home owners or buyers to useniy@ntergy savings to finance
energy upgrades of an existing home or to incrdesebuying power and capitalize the

energy savings in the appraisal of a new home.

While the NASEO establishes the technical basisifeHERS®, RESNET
actually implements the system and appears a wstblkshed bureaucracy with
essentially monopoly power. RESNET’s mission igigure the success of the
residential building energy performance certifioatindustry, to set the standards of
guality, and to increase the opportunity for owhgrof high performance homes. In
collaboration with the US mortgage industry, RESNEE established standattihat
enable the mortgage loan industry to capitalizéding energy performance and that the
federal government uses for verification of builgienergy performance for such
programs as federal tax incentives, the EPA’s Bn8tgr Home program and the DOE’s

Building America Program.

4.2.1 HERS

RESNET Ratings provides a relative energy use imaéied the HERS Index as
shown in Figure 18. Using a scale where buildingh Wwer scales use lower energy,
the HERS Index of 100 represents the energy uedfAmerican Reference Design
home” and an index of zero indicates that the Imgidises no net purchased energy.
Note that this scale is the inverse of the Energy &ale in that smaller scores use less

energy. A certified home rater assesses energyiogrigon and home geometry and

>3 National Home Energy Rating Technical Guidelirational Association of State Energy Officials
(NASEO), September 19, 1999.

42006 Mortgage Industry National Home Energy Rafygtems StandardBesidential Energy Services
Network, amended July 22, 2009.

* RESNET: Residential Energy Services Network |iSgthe Standard for Quality
http://www.natresnet.orgAug 29, 2009.
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construction to establish the rating and also to
produce a set of recommendations for cost-
effective improvements that can be achieved in
rated home.

While the commercial Energy Star rating
depends upon the building type and comparison
with buildings in the CBECS database, the HER
system uses the concept of the “Reference Desi
home.” This crucial Reference Design home is
abstracted from the basic building parameters of

the building to be rated whether proposed or

HERS® Index
i More Energy

Existing |50 430
Homes

Standard
New Home

70 This Home
60 65
18| 20
10
Zero Energy |
Home 0

\ @ Less Energy )

completed—floor area, wall height, window area.

door area, number of stories, climate zone, etc.
Thus simulation is involved witeveryHERS
rating, so software validation is essential. The
simulation process featur8s

Figure 18. Sample HERS certificate. It
shows the American (Standard)
Reference Design home at 100 and a
building with a net energy consumptior
of zero at 0.

» Software required to automatically generate theeR@ifce Design home using

only the input from the proposed building

(i.e.ta@lre users have no control

over the configuration and modeling of the Refeeebesign home)

» Configuration and modeling parameters for the Refee Design home carefully

and completely specified as a modeling “rule set”

» Software accreditation achieved by passing a lyattiesoftware verification tests

developed by US National Laboratories a

nd RESNET

» Proposed building and the Reference Design homesleodising accredited

building simulation software tools and the

resudtsoed (proposed building

divided by the reference design times 100)

* RESNET - What is RESNERttp://www.natresnet.org/about/resnet.htkug 29, 2009.

" Procedures for Verification of International Ener@pnservation Code Performance Path Calculation

Tools,RESNET Publication No. 07-003, Residential Energywiges Network, September 2007, p2.
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RESNET administrates standards in three afeas

« Software accreditation. RESNET maintains the listastified software that has
passed a battery of software verification testetiped by US National
Laboratories and RESNET

» Rater certification. RESNET defines the knowledgeéband skill sets that a rater

must demonstrate through passing an online RESNiEdnal rater test

* A quality assurance program. Each facility thainsacertified raters must employ
a certified Quality Assurance Designee that anguald independently verifies
internal consistency of a minimum 10% of all buiiglinput files and
independently field verify the accuracy of a minimof 1% of each certified

rater’'s homes

A criticism of the HERS Index follows from the fatiat the Reference Design
home bears little resemblance to real buildingsgmogtides no calibration for the
building performance with respective to standaridng codes. On the other hand the
yardstick has the benefit that it does not chasgde building inventory evolves thus

yielding consistent results over time until the &tefice Design home is redefined.

4.2.2 Energy Star for homes
Leveraging the HERS program, the EPA launchednex @y Star Qualified

Homes program in 1992, an initiative in the housimayket to encourage voluntary
adoption of efficient technologies and practicasefgy Star qualification signifies high-
quality, efficient, and cost-effective new homeattprovide a life-cycle cost advantage
relative to unqualified homes.

Homes that earn the Energy Star must meet guideloreenergy efficiency set
by the EPA and measured by the HERS Index. Enaayygbalified homes are at least

15 percent more energy efficient than homes bwilhé 2004 International Residential

%8 |bid.

¥ RESNET - National Registry of Accredited Tax Cte@ompliance Software Tools
http://www.resnet.us/programs/taxcredit_softwareftory.aspxAug 29, 2009.
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Code (IRC), and include additional energy-savireggures that typically make them 20-

30% more efficient than homes built to local resith construction codé%
To earn the Energy Star a home rtist

* Achieve a score of 85 or less on the HERS indéoctted in a “hot” climate
region, comprised of 2004 IECC climate zones In@ & or
» Achieve a score of 80 or less on the HERS indéoctited in a “mixed” and
“cold” climate region, comprised of 2004 IECC cliteaones 4 through 8, or
» Install prescriptive measures outlined in a muchgdified but all-encompassing
National Builder Option Package (BOP) which feasure
0 2004 IECC insulation levels
o Energy Star qualified HVAC equipment and Energy §taalified
windows
o A single simplified duct leakage specification (i4 cfm of duct
leakage to the outside per 100df conditioned floor area at 25 Pa
pressurization of the distribution system)
o A simpler and more easily-determinable set of ctevlsone-specific
infiltration specifications based on ACH50 (i.dr, @hanges per hour at 50
Pa pressure difference between house and ambient)

0 A requirement to include one category of Energy §talified products

Each home is also required to pass the Thermal yBaecklist (TBC). The
TBC is a comprehensive visual inspection of butdietails where thermal bypass, or
the movement of heat around insulation or throughesother material penetrating the
insulation. While each home must pass the TBC,gotexcce must be given to state, local

and regional codes if any as well as product marufars’ warranty.

80 Certification Guidelinesitp://www.energystarhomes.com/homebuilders/cestfon.htm Aug 29, 2009.

®1 Overview of Evolving ENERGY STAR Qualified Homegfam & Methodology for Estimating
Savings,

http://www.energystar.gov/ia/partners/bldrs_lendeaters/downloads/2011 Technical _Background.pdf
Aug 30, 2009.
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4.3 ASHRAE’s Building Energy Quotient

ASHRAE has a long history of involvement in comnigrbuilding energy
efficiency, beginning with the initial developmesftStandard 90 in 1975. Since that time
ASHRAE has continued to develop Standard 90 ard f#tandard 90.1 as well as to
provide other technical guidance for its membesthe public. While ASHRAE
Standard 90.1 provides the requirements for mininewals of energy efficiency suitable
for adoption into codes for commercial buildingfiatvhas been missing is a rating
program that evaluates individual buildings relatio their potential energy
performance. Although some benchmarks already,esush as the Energy Star and
HERS systems, ASHRAE plans to launch its own cotmgamsive building energy

labeling program in 2010 to incentivize achievihgttpotential performante

The current ASHRAE Strategic Plan places a stronghasis on sustainability,
and energy efficiency is a key component of suatality. ASHRAE's sustainability
roadmap outlines its strategies for a global emrirent® and the Vision 2020 report sets
a path toward achievement of net zero energy mg#f. Each of these documents has
identified the need for leadership in energy edindy, which could be satisfied by
ASHRAE establishing a building energy labeling peog.

Within the US, ASHRAE is viewed as a respectedéeadth a strong technical
track record and credentials in the area of bujdinergy efficiency. Within the global
community, ASHRAE has many partners who are leadetseir own right in this field.
By establishing a building energy labeling programd by collaborating with its
domestic and international partners, ASHRAE cailifai® moving the worldwide
marketplace to a point where building energy edficly is truly a valued commodity and

where energy efficiency is an essential requirerfmnteal estate transactions.

%2 Op cit, ASHRAE Building Energy Labeling Ad Hoc Cariitee, p 4.

3 ASHRAE Sustainability Roadmap Ad Hoc CommittASHRAE’s Sustainability Roadmap: The
approach to defining a leadership position in susdility, January 22, 2006.

% ASHRAE 2020 Ad Hoc CommittedSHRAE Vision 2020: Producing Net Zero Energy Bugd
January 2008.
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With institutionalized and certified comparisonsboiilding energy use, claims of
building energy performance will enjoy credibilitythe marketplace and through
competition stimulate improved energy efficiencycommercial buildings. Therefore
ASHRAE began work on its Building Energy QuotiebEQ ™) labeling system in 2008
that led to a prototype study in 2009 and the anoement of a trial system in June 2009.
ASHRAE in collaboration with other organizationsBklas the EPA, the Chartered
Institution of Building Services Engineers (CIBSE&)he UK, etc., is uniquely qualified
and positioned to develop the technical basis fauilling energy labeling standard.

While this new building energy labeling schemeng&nown to the general public
at the time of this writing, ASHRAE's stature wilemand credibility and acceptance of
its proposal. Consequently the basic scheme fersilgnificant rating system is
introduced below, and extensive information is e in Appendix A.

4.3.1 ASHRAE Rating scale

The ASHRAE system, a technical rating method, camga building’s energy
performance to technical potential reference points i
where net zero energy performance is zero on thle st .
and the building type population median is setOfit 4s
shown in Figure 19. The ASHRAE bEQ is the same

basic scale that is used in the European Union for

As Designed

commercial buildings and is analogous to the scale
used in North America for HERS. Thus the bEQ scal

appears similar to the HERS scale shown in Fig8re : —

Madun

except that it is inverted—the net zero energy iba
top and the typical building with score 100 is togva
the middle or bottom of the scale.

To achieve a net zero energy building, on-site

oRaT

. . _ Figure 19. The ASHRAE bEQ scale. In
renewable power generation will be required. I§thi this example the designed performance,

47, is not realized in building operation,
which scores 72. Also shown are the

consumes, then it is possible that the score beg@mcores associated with “baseline”
buildings built to various codes.

system generates more power than the building
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negative number indicating the building is a netdwucer of power. On the other end of
the scale, the relative EUI or score is unboundeddildings with very bad energy
performance, and the initial version of the programny score of 125 or greater is
assigned the rating of “poor.” Note that the scae include other benchmarking

reference points such as building energy codeb@srsin Figure 19.

4.3.2 ASHRAE Asset and operational ratings

The ASHRAE Advanced Building Energy LabelindBEL) asset rating is intended
to be a measure of the energy efficiency qualitihefas-designed, fixed physical
components of a building. Like the Energy Stam@tit is intended to allow comparison
among similar buildings, within a size range andhef same occupancy type within a
climate zone. The asset rating is designed to hgaaticular relevance for real estate
transactions in that it expresses an integral nmeasfithe building’s inherent energy
efficiency. The ABEL asset rating will be desigrthtds Designed” on the label.

An operational rating identifies how much energyeaisting building is actually
using relative to the set of benchmark metricsiclty taken from the CBECS database.
Energy consumption data may be broken down bytfpe and area for conditioned
space in a building, and may compare site consmpdi source energy as an indicator
of GHG emissions or carbon footprint. Furthermagperational ratings may compare
efficiencies of energy using systems within buiggir{heating, cooling, fans, lighting,
etc) to gauge operational performance. Operati@taigs 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. The ABEketgating will be designated “In

Operation” on the label.

4.4 Green labels with energy points

Both the Energy Star and HERS labeling systemsxgkisively focused on
building energy efficiency. However, the US Greanl@ers Council’'s (USGBC)
Leadership in Energy and Efficiency Design (LEEDY @ahe Green Building Institute’s
(GBI) Green Globe programs, while labeling scherhasg a broader perspective and

consider more sustainable components, e.g. daylghhdoor air quality, water
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conservation, public transportation, etc, in tlseoring algorithms. Nevertheless the
rating for the energy performance is rigorous aaskebl upon a technical scale, ASHRAE
90.1.

441 LEED
While the LEED program offers ratings for many tygé building projects
(LEED for New Construction, LEED for Existing Buiidys, LEED for Commercial

Interiors, LEED for Retail, LEED Table 4. Categories for LEED 2.2. Note that the cagory

for Schools and LEED for Core & for “regional bonus credits” is first implemented in LEED
2009, which is introduced later.

Shell rating systems), for the Version LEED 2.2
. ) Category Points %
purpose of illustrating LEED Energy and atmosphere 17 25%
methodology, the scope of this Optimize energy performance 10 14%
' Onsite renewable energy 3
work considers only commercial Enhanced commissioning 1
. . Enhanced refrigerant managem 1
projects for new construction Measurement and verification 1
_ _ Purchase green power 1
(LEED-NC). The LEED-NC Indoor environmental quality 15 22%
program awards points to categori¢ Sustainable sites 14 20%
] ) ) Materials and resources 13 19%
Innovation and design process 5 7%
awarded are governed by Regional bonus credits 0 0%
assessment procedures, but are  Totals 69 100%

always constrained to be less than or equal tondedmum as listed in Table 4. Thus a
total of 69 points is the highest score possibteéie sum of all categories, and the right-
hand column lists the percentage contribution tthaicategory contributes to this

maximum score.

Energy efficiency is equivalent to the subcated@ptimize energy
performance” listed under the category “Energy amdosphere” and this subcategory is
also referred to as “EA Credit 1”. As can be seemfTable 4, the impact of all the
subcategories of “Energy and atmosphere” is limite®@5% of the scoring with
efficiency contributing only 14% of the total fdre entire project. Given this weighting,
it is easy to understand why the Energy Star scgites/n in Figure 16 fail to exhibit any
correlation with LEED scores.
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However, once at the subcategory level the polatation for energy efficiency

proceeds in a rational way. Like the HERS

g . Table 5. Distribution of LEED 2.2 points for efficiency.
Index, the building to be rated is comparedpjnts are allocated on the basis of the percentage

reduction of the EUI for the proposed building with respeci
to the baseline building.

process requires that the proposed building New Buildings  Points

with a virtual baseline building. The rating

demonstrate a percentage reduction in its 10.5% 1 Mandatory
) 14.0% 2 Points
energy performance rating compared to the 17.5% 3
baseline building performance rating per 21.0% 4
ASHRAE/IESNA Standard 90.1-2004. The 24.5% 5
o 28.0% 6
performance results from a whole building 31.5% 7
simulation using the Building Performance 35.0% 8
. . . 38.5% 9
Rating Method in Appendix G of the

42.0% 10

ASHRAE standard as discussed later in

Section A.2.2.2. This ASHRAE simulation methodoldggms the basis for other energy
labeling schemes as well as qualifying buildingd eanovations for special tax treatment
in the US. Table 5 shows the points awarded faouarenergy saving percentages. Note
that each additional LEED point requires a furtB&i reduction in the EUI for the
proposed building. Furthermore note that scoringasdt 2 points is mandatory—if the
building energy performance is not at least 14%ebé¢han the baseline building
standard, then it fails to qualify for any LEEDinat

Plug loads in the proposed building must be inauai®ong the building’s loads
as well as included into the comparative baseluikling. The USGBC states “For the
purpose of this analysis, process energy is coreide include, but is not limited to,
office and general miscellaneous equipment, compuidevators and escalators, kitchen
cooking and refrigeration, laundry washing and wigyilighting exempt from the lighting
power allowance (e.g. lighting integral to medieglipment) and other (e.g. waterfall
pumps)... For EA Credit 1, process loads shallleatical for both the baseline building

performance rating and for the proposed buildingogpmance rating®®

% New Construction-EA Credit 1: Optimize Energy Penfiance,
http://www.usgbc.org/ShowFile.aspx?DocumentID=2388pt 15, 2009.
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The entire LEED rating scheme is based upon thigm@erformance as
simulated with software verified by ASHRAE'’s ceiddtion process (see Section
A.2.2.2). No post-occupancy verification is reqdifer the project although an extra

LEED point is awarded for such measurements.

For a small office building two prescriptive LEE[Pt®mns are available in lieu of
the whole building energy simulation described ad¥owever, the points awarded are

limited to 1 or 4 points, depending on the optietested.

Finally the LEED points achieved by the proposetding determine whether
the building label is simply “certified,” certifiesilver, certified gold, certified platinum,
or not certified at all. The mapping of points itébels obscures the assessment further,

and the energy efficiency metric is effectivelyisikle.

4.4.2 Green Globes

The Green Globes building assessment system, agrotithe Green Building
Institute (GBI), has many similarities with the LBBprocess. Parallels could be expected
since the legacy for Green Globes systems extémdsgh Canada to the Building
Research Environmental Assessment Method (BREEAMStem from the UK, which in
turn extends to the LEED system back from th&°USs the tool evolved, it became less
complex. Paperwork is initiated online and verif@tsite by an expert, and the expense

of certification is greatly reduced.

% Timothy M. Smith, Miriam Fischlein, Sangwon SulatPluelman, “Green Building Rating Systems: A
Comparison of the LEED and Green Globes SysterttgityS,” University of Minnesota, September
2006, p2.
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Table 6. The Green Globes Design Points System fGanada.
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The essence of the Green Globe system can be edptua single page as shown

in Table 6 for the Canadian syst&nirhis scoring system actually provides a map ef th

design features that must be addressed for evejggbr—there is not a different scoring

67 Green Globes™ Design for New Buildings and RetsofRating System and Program Summary, ECD
Energy & Environment Canada Ltd, December, 2004w.greenglobes.conp4.
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system for schools, retail, etc. as in the LEEDgpam. The Green Globes system is
applicable to all types of buildings of any sizeluding small and large office buildings,
multifamily housing structures, schools, univeestand libraries. As in LEED, there are
categories and subcategories for scoring, eachitsiitssociated potential points and
weight. A study of Table 4 and Table 6 reveals thatLEED categories are well aligned

with those of Green Globes.

The focus for energy efficiency falls on sectionSDbcategories C.1, C.2, and
C.3 (energy performance, reduced energy demandngagtation of energy efficient
systems) in Green Globes must be combined to cawai#ln the subcategory “Optimize
energy performance” in LEED. When combined the @i@®be subcategories yield 280
points or a 28% weight for efficiency versus 14%U&ED. This differentiation is a
proper move toward placing efficiency in the proemitplace it deserves.

In the US the Green Globes system is somewhat reddiVhile the categories
remain the same, the subcategories vary, and tightivegs for energy, water, and
emissions change modestly by 1-2% as shown in Tallé&e the Canadian system, the
energy assessment area has the heaviest weigls fmedsed on reducing energy
consumption, increasing use of renewables, anddsitrg carbon emissions. The Green
Globes system uses benchmark criteria for energgnogance to estimate the energy
consumption of a building. Unlike the LEED systemiich compares the building design
to the performance of a hypothetical structuregresi to ASHRAE 90.1 standards,
Green Globes compares against survey data acdegsed EPA's Energy Star tools and
specifically selects those better performing buiddi in the Energy Star database. Thus
the energy efficiency is measured on a statisticale. The GBI website did not reveal
how it translated Energy Star ratings to Green &lpbints. In addition to the energy
performance, the Green Globes system directly addsemicroclimatic design

considerations, space optimization and the useerfyy efficient technologiés

% Green Globes FAQ The GBI : Commercial Green BaoidCertification
http://www.thegbi.org/commercial/about-green-gldfsg asp Sept 16, 2009.
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Table 7. Point systems for Green Globes by categofgr Canada® and the US®.

Country Canada us

Category Points % Points %
Project management 50 5% 50 5%
Site 115 12% 115 12%
Energy 380 38% 360 36%
Water 85 9% 100 10%
Resources 100 10% 100 10%
Emissions, effluents and other

impacts 70 7% 75 8%
Indoor environment 200 20% 200 20%
Total 1000 1000

As with LEED, the energy efficiency rating blurs @vhcombined with other
scoring that controls two-thirds of the final numdally. The GBI also abstracts its
rating by mapping its score onto One, Two, Thred;aur Green Globes analogous to

the LEED mapping onto Certified, Silver, Gold oaftum.

%9 Op cit, Green Globes, p4.

O Green Globes New Construction Moduiétp://www.thegbi.org/assets/PDFs/GG_Test_Drive. Seipt
16, 2009.
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5 Case studies

As discussions of rating systems in the previowptdr have indicated, building
energy labeling is premised on the comparison efgnuse intensity (EUI) for the
building to be rated with either other buildingstioe simulated performance of a virtual
standard building. In fact all the rating schemas loe abstracted as the simple diagram
shows in Figure 20. In this flow the scheme-depandeoring algorithm is the last
step—the step that simply processes two piecedJbfiita. This chapter takes these first

steps in the rating process and develops this Bldimation from case studies.

Weather adjusted EUI
Typical EUI

Run reports Calculate score

Using Portfolio Manager, Enter energy data:
enter building data: [~ | Electricity, natural gas,
Type, location, size, etc etc for full year

Energy Star

&
nergysta” ,
ASHRAE as-built in

Operation

Design

ASHRAE as-designed

LEED Simulate building for
" 2e58® 1 year of operation Des,”
ne &
\ Calculate score
eV
Referel'lce buig, W’
4
% Simulate building for
1 year of operation

Figure 20. Diagrammatic summary of building energyabeling processes. The process separates into
two sections: one for as-designed buildings (belowhd one for as-operated buildings (above). Data
from a full year of simulated or actual operation ae required.

Using certified simulation
tool, model building

geometry, occupancy,

plug loads

The case studies for this thesis, which consisté&dschools and a cluster of
portables within the Albuquerque Public Schools $APortfolio, were performed in
consultation with APS staff members in the FaetitDesign and Construction as well as
Maintenance and Operations departments. Ron Rided of the Energy Conservation
Program, suggested the study of three schoolh#aias monitoring closely as part of
his energy conservation program. Although initiallg targeted three mid-schools,
preliminary analysis revealed that they were exeelslarge and diverse and analysis
would not fit into the timeframe available. KarefaAd, the Director for Facilities
Design and Construction, recommended three elemyesthools whose design and

construction spanned the last 70 years. They veteeted to sample design and
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construction techniques from different periods sinperations had noticed that some of
the older buildings outperform the newer ones. Tiis-intuitive effect offered an
interesting opportunity to investigate not only thBuence of design upon energy
efficiency, but also the influence of operations.

5.1 As-designed analysis

The details of the simulations necessary for thdesmsgned assessments appear in
Appendix B. There the reader will find a full dission of EnergyPlus and its companion
tools. It is worth noting here that the flowchartHigure 20 indicates that two simulations
will be required for the as-designed rating: onedtmate the EUI for the building to be
rated and another for the EUI of the standard eefez building. However, performing
two simulations does not double the effort. Thad#ad reference building was
automatically extracted from the model of the baddto be rated and equipped with an
HVAC system dependent upon the building size, talver of stories, and the energy
efficiency code selected for comparison. | chosleeilochmark against the ASHRAE
90.1-2004 standard since it is the current New Eexommercial building energy code.

In addition to the building energy labeling proceasamarized in Figure 20, a
passive building assessment process was developied desearch for this thesis. Since
it is intended for preliminary assessment earlghendesign process and does not lead to

building labeling, it is presented in Appendix C.

5.1.1 Hubert Humphrey Elementary

The first building | modeled is the Hubert Humphigmentary School located
at 9801 Academy Hills Dr NE in Albuquerque (seeufey21). It was built in 1978
during a period when educators and conservatiofekti desirable to eliminate
windows from schools. They thought that the loviization of fenestration will mitigate
energy consumption. Subsequently a detached kiadergstructure was added in 2006
to meet burgeoning requirements for classroom sgaan so, an additional 16
classrooms are provided in 12 portable buildindsve not modeled these portables or

the new kindergarten addition.
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The basic floor plan is show

in Figure 23. Without the desire for
windows, the building is massed
around the media center with only
classrooms at the periphery. The
noisy functions (band room, gym,
kitchen and cafeteria) are placed
along north side of the building. The
administrative offices and teacher’s .
Figure 21hto of the mainentranc fd the Hubé"rt
south side adjacent to the main ~ Humphrey Elementary School.

lounge are distributed along the

entrance.

My modeling divides the space into 23 thermal zanadent in the model shown
in Figure 22. The shade structure colored purptéénfigure is an object for casting
shadows in EnergyPlus and is not modeled as a thetoect. Comparisons of the floor
plan with the EnergyPlus model reveal that thesses for entries along the west and
east sides are ignored as one of the presumedjifdglapproximations used to simplify

modeling. The modeled area is approximately 40f600

Figure 22. EnergyPlus model for the Hubert HumphreyElementary. The main entry is under the
prominent shade structure (purple). The division iio 23 thermal zones is indicated by the lines on
the roof. The shadows indicate a morning in mid-sumer.
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