Energy & Atmosphere

Buildi |
of the Lnrqu and 68% of the elec
produced in the Uniced Seates .mmmle.
according to the U.S. Department of
Energy. Combustion of fossil fuels pro-
duces about 75% of our energy. Produc-
tion of electricity through the use of fos-
sil fuels such as oil and coal requires ex-
traction, transportation, refining, power
generation and distribution. These pro-
cesses significantly impace the enviran-
ment in a myriad of adverse ways. For
example, conventional fossil-based gen-
eration of elecrricity releases carbon di-
oxide, which coneributes o global climare
change. The potential consequences of
e change (rising sea levels leading
o coastal floods, severe droughes, heat
ation} affect comimu-

A%

cli

Coal-fired elecrric urilivies emir almose
ane-third of the country'’s anthropogenic
nitragen oxide, the key element in smog,
and vwo-thirds the sulfur dioxide, a key
element in acid rain. Coal extraction and
mining dissapts habiear and can de
rare landscapes. Acidic water anoff (acid
mine dr.
tivities funther degrades regional ecosys-
rems, Coal is rinsed with water, which
results in billions of gallons of sludge
stored in ponds. There are some instances
of sludge pond filue which have un-
leashed several hundred million gallons,
wreaking havoc on communities and po-
table water supplics,

el from coal exuraction ac-

Coal-fired elecrric gen n plants emit
more fine particulate material than any
ather activity in the Uniced Stares. The
human body is incapable of clearing these
fine particles from the lungs. Conse-
quenty, particulate materials penetrate
deep into the lungs and are contriburing

fa(:{r:rs in tens of chousands of cancer and
y ill; I Jd‘:a'hg 11
In nddlnun mining is a dangerous occu-
pation in which accidents and long-term
effects of breathing coal dust result in
shorened life spans of coal min

Chher energy production rechnologies
include narural gas, nuclear fission and
hydroelocrric generators. Although s
emissions are not as damaging as coal and
ail, narural gas is a major source of nitro-
gen oxides and greenhouse gas emissions,
Nuclear power increases the potencial for
catastrophic accidents and raises signifi

cant waste transporiation and disposal
issues. Hydroelectric generating planis
disrupt natural water Hows, resulring in
disturbance of habitar and depletion of
fish populations.

Energy ¢ prion can be
teduced through pracrices that are ecn-
nomical and readily achievable. Improv
ing; the energy performance of buildings
lowers operations costs, reduces pollution
penerated by power plants and other en-
ergy-praducing equipmer
comfor, Most energy-efli
present an excellent r:

d enhances
¥ measures
e of retum,

It is essential 1o consider a building’s en-
ergy load as & whole and w inregrare syn-
tic energy-cihi
der to maximize svings. For example,
reduction of energy loads through im-
proved glazing, insulation, da
and wse of passive solar fi
lovw: the design team o downsize or even
ical HVAC systems.
LEED recognizes the imporance of in-
regrated energy strategies. Asa result, most
of the prerequisires and credies under this
topic are performance-based racher than
prescriptive,

TICY MEASUNes in or-

eliminate mech

Overview of LEED™
Prerequisites and
Credits

EA Pr isite 1 |
Fundamental Building
Systems Commasioning

EA Prevequisite 2
Manimum Enery
Periormance

EA Prevequisite 3

R Reshuction in

HVACKR Equipment

EA Credit 1

Optimize Energy
Perlormance

EA Credit 2

Renewahle Energy

EA Credil 3

Adlitinnal

Comminsinning

EA Credit 4

Ohzone Deplition

EA Credit 5

heasutemnent &
Veerilication |
A Creddit &
Green Power

Fhere are 17 pasiits
availabite in the Energy
& Atmosphero cateyory. |
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Credit 1 Optimize = ‘
Energy Performance Y,

Credit 2 Renewabla
Energy

Credit 3 Additional "
Commissioning h
Credit 4 Ozone
Protection

Credit 5 Measurement
& Verification

Credit 6

Commissioning

Prerequisite 2
Minimum Energy

Figure 1 Crverview of LEED Prorequisites & Crediis

LLS. Green Building Council
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Fundamental Building Systems
Commlssmnmg

Intent

Verify and ensure thae fundamental building elements and systems are designed, in-
stalled and calibrated to aperare as intended.

Requirements

Implement or have a contract in place o impl the following fund | bese
practice commissioning procedures,
® Engage a commissioning team that does nor include individuals directly re-
sponsible for project design or construction management.

e Review the dﬁ:gn intentand the basis of design documenrarion,

e Incorp 2 reg inte the construction documents.
® Develop and utilize 2 commissioning plan.

o Verify installation, functional performance, training and operation and main-

renance documentarion.

e  Complete a commissioning report.

Submittals
3 Provide the LEED Letter l'cmme. sjgncd by rhr uwmmroommmlomng agent(s],
confirming thar the fund: have been success-

fully excented or will be provided under existing conlrau{s}

y of Referenced Standard

There is no standard referenced for this credic.

55 ‘[WEHMR EQ|ID

Prerequisite 1

Required
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55 WEIBMK EQ] 1D

Prerequisite 1

Credit Synergies

55 Credin 4
Aliernative
Transpariation

55 Credit &
Light Polluticn
Reductinn
WE Credit 1
Water Efficient
Landscaping
WE Credit 2
Innevative Wastewates
Treatment
WE Credil 3
Water LUse Reduction
EA Prerequisite 2
Minimum Energy
Perfarmance
EA Credit 1
Optimize Energy
| Performance
EA Credit 2
Renewable Encrgy
EA Credit 3
| Additianal
| Commissioning
EA Credit 5
Measuroment &
Verification
EQ Prerequisite 1
Minimum 1AL)
Persrmance
EQ Prerequisite 2
Environmental Tebaceo
Sanoke (ETS) Control
EQ Credit 1
Carbon Diowidie (CO,)
Monitoring
EQ Credit 5
Incloor Chemical &
Pollutant Source Comtrol
EQ Credit &
Crmrdlability of
Systems
EC) Credit 7
Thermal Comfor
£0) Credit B
Daylight & Views

LLS, Green Building Council
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Green Building Concerns
The commissioning process is a quality-
based method that is adopeed by an owner
to consistently achieve successful con-
struction projects. 1t is not an additional
layer of construction or project manage-
ment—it is the owner’s means of verify-
ing that the planning, design, construc-
tion and operational processes are achiev-
ing their goals, and ensures the delivery
of a high quality building with maximum
asset value, A commissioned building
provides oprimized encrgy efficiency, in-
door air quality, and occupant comforr,
and sets the stage for minimal operarion
and maintenance costs.

The commissioning process activitics
commence at project inceprion (the start
of the pre-design phase) to document the
awner's project requirements. The com-
missioning process activities conrinue
through the design and construction
phases, including performance testing,
and conclude ar one year of necupancy
with a warranty review and lessans-
learned meeting. A key commissioning
process activity rypically completed is the
development and verification of a cohe-

Economic lssues

A pmpmr[)' designed and exu.u(cd com-

g plan g ial op-
erational cost savings. Successful imple-
mentation of the commissioning process
often increases energy efficiency by 5%
to 10%. The State of Oregon Office of
Energy studied divect energy savings for
rwo buildings after completion of a com-
missioning plan. In a 110,000-square-
foot office building, energy savings of
$12,276 per year (equivalent to $0.12 per
square foor) were realized through

completion of the commissioning process
activities. In a 22,000-square-foor office
building, energy savings equal to §7,630
per year ($0.35 per square foor) were
achieved.

In addition to energy performance, oc-
cupant productivity is another operational
cost impacted by subpar building perfor-
mance. The Oregon study estimated in-
direet costs associated with lost produc-
tivity due to eccupant complaints about
the indoor environment. It estimared that
if 20% of building occopants expended
30 minures per month complaining about
lighting or temperature conditions, the

|

P would lose $0.10 per square

sive training § of the building stalf
so they can properly operate and main-
tain the building to achieve the owner's
long-term sustainability goals.

Environmental Issues

lmpl ion of the o

process maintains the focus on high '_DL‘l

formance building principles from projec
inception through operation. This typi-
cally results in optimized mechanical,
electrical and architectural systems—
maximizing energy efficiency and thereby
minimizing environmental impacts asso-

ciated with energy production and con-
sumption, Encrgy conservation reduces
the need for natural resource extraction,
improves air quality and reduces green-
house gas emissions,

foor in annual productivity. For a
100,000-square-foot building, this
equates to $10,000 per year. This loss
does not I'acmr in actual pmdumv:ry -
ducti g from the subop
conditions, but nnlyaddrwu complaint
Time.

Other potential costs of poor building
performance cited by the Oregon Office
of Energy include employee illness, ten-
ant turnover and vacant office space, li-
ability relaved 1o indoor air quality, and

The cost of Commissioning Authority
services changes with project size. Table
1 provides estimates of third-party com-
missioning costs based on historical dara.




Evaluation of projects involved in the dara
in Table 1 has shown thar implemenca-
tion of the commissioning process activi-
ties will pay for itself by late design or early
construction, and has a minimum three-
to-one payback by the end of construe-
tion and through the first year of opera-
tion. Savings from implementing the
commissioning process are due to im-
proved construction documents (reduced
requests for information and change or-
ders), idenrification and rt‘solumn nFla'v

for information and change orders. In
addition, some design professionals may
be eligible for lower professional liabiliny
insurance rates through involvement of
the commissioning process.

1 1 H

I g the o process
may provide owners the opportunity to
receive stare-funded assistince and uril-

ity rebates or reduced urility rates.

Cnmmumty Issues
The g process p ides a

sues on paper, comprel

review construction to maintain focus on
the owner’s project requirements, and
minimizing contractor call-backs during
the first year of operarion.

On :}u:lrﬁrsrpchm in whlr.h Ihl;'uwm:r
is imp iz the ¢ g pro-
cess, architects and engineers may charge
higher than narmal fees o support the
process. These fees are included to cover
the additional expense of integrating the
commissioning process activities into the
project specifications as provided by the
Commissioning Authority and docu-
menting the hasis of design in a formar
suitable for the owner. Once they have
been through the process, archirects and
engineers typically charge du:samcor |t:s.s
for invol in the c i

pracess dug to savings during ccnstruo
tion and operarions from reduced requests

Table 1: Estimatcd Cost of independ

means for the owner’s procure-
ment of a high-quality building thar op-
erates in accordance with the owner's
project requirements, including the oc-
cupants’ needs. Ultimarely, the entire
project team and communiry benefits
when the building is operational the firse
day of use through reducing occupant
complaints and allowing users and occu-
pants to enjoy a healthier and more pro-
ductive indoor environment thar meets
their success eriteriz.

Design Approach

The commissioning process begins at
project inception when the owner chooses
o adope the process as the internal means
o verify that the design professionals, con-
tractors, and opetations and maintenance
seaff achieve the owner’s project require-

Third-Farsy Ci

1 Services

Construction Cost Total Cost for Fundamental Additional

Commissioning Activities Activities
< 55 million 1.5%-3.0% 1.2%—2.5% 0.3%-0.5%
< 10 million 0.7%-2.0% 0.5%—1.7% 0.2%-0.3%
< 850 million 0.6%=1.5% 0.5%—1.3% 0.1%-0.2%
= 550 million 0.4%—1.5% 04%-1.3% 0.2%
Complex projects Add 0.2%-0.8% 0.2%~0.7% 0.1%
m:m.m‘mmw‘mm f D:;‘imm.- 'apars: Tre Bost of the 2002

Mol
mmmmmhuduwm Comskeiy, timing (numbes of siti visity), and inam esesanson greaty affse

ﬂm-uumnlb(

Beipuinng e
rescuras wih tn mmmn—dmm he 203! & ciom redcesd by 20508,

missloning Authety, | Inlnmal
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ments from planning through continual
operations, The intent of the commission-
ing process i go minimize costly changes
through early identificadion and continual
focus on the achievement of th owuus
project requi The i
process for & LEED project typically for
cuscs on systems and assemblies having
o da with the project’s operarional per-
formance, particularly those relating w
LEED prerequisites and credits.  Ex-
amples include HVAC sysrems and their
controls, duct work and piping; building

lope technologies; ble and al-
ternative energy technologies: lighting
controls and daylighting systems; potable
water efficiency technologies; minwater
harvesting systems; water treatment sys-
tems; and other advanced performance
rechnologies. Venfication of the contractor's
achievement of the owner’s project require-
ments incluees such ivems as verification of
the traditional westing, adjusting and bal-
ancing (TAB) wark through sampling of
the TAB report.

Strategies

The i g process is a pl
systematic quality-based process that in-
volves the owner, users, occupants, opera-
tions and maintenance staff, design pro-
fessionals and contmctors, It begins ac

ideally at project inception. The Commis-
sioning Authority serves as an objective
advocate of the owner, directs the com-
missioning process, and presents final rec-
dations to the awner regarding the
performance of commissioned .wm:ms
and blies. The €
Authority introduces standards and sera-
egies early in the planning process and
thien verifies implementation of the com-
missioning process activities by clearly
specifying the requirements in construc-
tion documents.

Tdeally, a person on the owner’s staff
would be the Commissioning Authority.
1f this is nor possible, a third-party firm
is preferable, bur for the purposes oF(h]s
LEED prerequisite the Commi
Autl-wnry can be from a design team firm,
as long as that person is not responsible
for project design, construction manage-
ment or supervision. In all scenarios, the
reporting of all conditions and findings
must be immediare and direcr from the
Commissioning Authority o the owner.
1f a third-party Commissioning Author-
ity is retained, it should be urilized for
both impl, damental
LEED prerequisite and Addirional Com-
missioning credit (EA Credit 3) activities.
Form rhe Camnussmnms Team. The
C ioning Team is led by the Com-

£ £
ing the

project inceprion; has ongoing verifica-
tion ofacl:lwemmr of rhc awnt.rs project
requires inieg of con-
tmanrmmplcm! commissioning process
activities into lh': C:)I'Isrruﬂlcl'l dOCll'
ments; aids in the coordination of static
and dynamic wsting that acceprance is
based on; verifies staff rmaining; and com-
pletes with warranty verification and les-
sons-learned documentation and imple-
mencation, An explanadion of the steps
satisfying this LEED prerequisite is sum-
marized in the following sections:

Engage a Cnnumsslnnulg Autilorlly.
Designatea C g Authority as

early as possible in the project time fine,

missioning ."\uthom:y and is composed of
the owner, users, occupants, operations
and e staff, design p

als and contractors. The Commissioning
Team is responsible for accomplishing the
commissioning process activiries and pro-
vides leadership for identifying and resoly-
ing all commissioning process issues.
Document the Owner's Requirements.
The Commissioning Team shall clearly
document the owner’s project require-
ments. The owner’s project requirements
are utilized throughout the Commission-
ing Process to provide focus on the key
success criceria. These requirements rypi-
cally address HVAC, lighting, indoor en-




vironmient, energy cFEmenqr. siting, wa-
ter and envi of

Create a Cnmmiuioning Plan. The

the facility. The doeumeniralsosdd resses
the ideas, objectives and criteria that the
owner considers important. Any criteria
listed in the owner’s PlD,l:E[ n-:qum’.‘men{s

Com g Authority devel a
commissi nlng pl:m ar the st uf the
commissioning process, preferably ar

project mncpuun The mmrmwonmg
plan evolves with resulets added as the

needs 1o be doc

and verifiable. Ideally, the owner’s project
requirements are developed upon project
inception in tandem with LEED goals.
However, if the commissioning process
is nov started uncil later in the project,
the owner's project requirements must
still be doc 1 by the C i
ing Team.

Review the Basis of Design. The basis
of design is developed by the design pro-
fessionals as part of their normal design
duries, bur not often provided to the
owner in a cohesive document, The basis
of design includes how each of the owner's
project requirements has been meg; pri-
mary design assumptions such as oceu-
pancy, space and process requircments;
applicable codes, policies and standards;
and load and climatic assumptions that
infl design d An updaced
basis of design and design narrarive should
accompany each design phase submission,

Tablbe 2: Resuired Commissioning Plan Companents

Required Commissioning Plan Components

Brief overview of the commissioning process.

project prog Inci when
the decision to pursue a LEED rating is
made after che design phase, the commis-
siening plan, including the owner's
project requirements and basis of design,
should be completed prior 1o the instal-
lation of any commissioned elements.
Table 2 lists the components thar are re-
quired in the commissioning plan o sat-
isfy this LEED prerequisite.
Indode e C Bsstoriing ey
ments in Bid Documents. The
contractor’s commissioning pmcﬁs re-
ibili in the
cuntmr documents and must clearly de-
scribe the components listed in Table 3.

An area requiring careful coardination is
the creation of operation and mainre-
nance manuals, Depending on the
owner'’s m:td.s and relationship wich the
G ing Team bers, the re-
sponsibility fioe thiv dleliverable can reside
with the Commissioning Authority, the

ies must be i

List of all systems and

of the C:

included in the C

g i

Descripti

g Team and its

ofthe g Py

Overview of the commissioning process ad]viﬁes for the pre-design, design, construction,

and and ions phases, i

of the owner's project

requirements, review of the basis of design,
and i phase verificati

cesign,

test d

and implementation, and 10-month warranty review.

List of the expected work products
List of key process

$5 [WEli!EQ 1D

Prerequisite 1

soopa of work

and reporting of the commissioning process
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Table 3: Commissioning Components in Comstrection Documents

Commissioning Components in Construction Documents

C issi Team
Submittal review procedures

o] ions and mai o

Training plan develcpment
r ;

Start-up plan ds and

Functional performance testing
Milestones

Training

Warranty review site visit

design professional or the contractor. This
decision needs to be made consciously
with an aim sowards maximizing the long-
erm
the owner has a high confidence level in
the ability of the design professionals or
CONCractor to plcpar!: l‘hﬂ.: dﬂ‘umcnﬂin
then they can be assigned the respansi-
biliey through the construction docu-
ments. If the Commissioning Authariry
is regarded as providing the best deliver-
able for the owner's needs, then the con-
tractor can provide the basic informarion

ful f the doc ion. [

mance of the feature. The Commisioning
Authority should accomplish this through
verification of the contracror’s complered
construction checklises.

Start-up and Checkout: The contractor
completes the start-up and initial check-
outof all irems listed in the contract docu-
menes. The start-up and checkour resules
must be clearly documented according to
the manufacturer's written instructions
and the contract documents, typically the
last section of the construction checldises,

S gt As the o £ Process

and the C issioning Authority’s scope

oF-wark san inslide crcation of The

manual. Either process satisfies the LEED

prerequisite,

The following shall be completed on each
g !

P qUIF

system or fearure:

Installation Verification: The Commis-
sioning Authority must accomplish ongo-
ing site visits to verify that each commis-
sioned system and assembly is being in-
stalled to achieve dhe owner’s project re-
quirements as detatled in the contracr docu-
mients and manufscturer’s instructions, and
to verify that other building systems or as-
semblies are not compromising the perfor-

is quahry -based, the Commiss:omng Au-
thority applies appropriate sampling rech-
niques to verify char construction, start-
up and initial checkout of all commis-
sioned systems and assemblies is success-
fully completed. For example, instead of
checking 100% of the conrrols system,
which is the contractor's responsibility,
the Commissioning Authority urilizes

li hniques to complete an in-
deprh peruodm review of the control sys-
tem installation, verifying thar the com-
ponents are calibrated; point-to-point
checkouts are successful; and each con-
trol point is commanding, reporting and
controlling according o the inrended




purpose. This ongoing sampling verifi-
cation enables the Commissioning Au-
thority to identify systemic issues early
so they can be fixed and avoid rework at
complere system checkour.

Functional Testing: The Commission-
ing Authority prepares written, repeatable
test procedures, specifically for each
project, which are used ro funcrionally rest
systems and assemblies. These rests must
be documented to elearly describe the in-
dividual systemaric test procedures, the

starc-up, shutdown, unoccupied and
manual modes, modulation up and down
the unit’s range of capacity, power fail-
ure, alarms, component staging and
backup upon failure (unic and pump),
interlocks with other equipment, and sen-
sor and actuaror calibrations,

Test all larger equipment individually.
Similar unies that are numerous (e.g.,
many smaller rooftop packaged units, air
terminal units and exhaust fans) may re-
quire a specific sampling strategy. Heat-

expecred system resp
criteria for cach procedure, the actual re-
sponse or findings, and any pertinent dts—
cussion. The rest pmq:enlunsm i

oF accep

ing equif must be tested during che
winter and air-conditioning equipment
must be tested during summer, as appro-

and accepred by the ¢ s test en-

priate to d performance under

I

tity, who may choose to implement the
rests under the direction of the Commis-
sioning Authority.

After acceprance of the installation, start-
up and inirial checkour (using the construe-
tion checklists), the modes described in the
following paragraphs must be tested.

Test each sequence in the sequence of op-
erations and other significant modes. Se-
quences and control strategies include

14
g The G g Author-
ity must assemble written verification thar
training was conducred for all commis-
sioned features and systems. The train-
ing may be performed by the contractor
or the Commissioning Authority uriliz-
ing qualified individuals for a sufficient
duration to ensure thar facility staff has
all the information needed 1o oprimally
operate, maintain and replace the com-

R

Table 4: Training lssues to be Addressed by the Commissioning Authority

Tralning lssues

General purpose of the systern (design intent)
Use of the O&M manuals

Review of control drawings and schematics

Start-up, normal i 5 i

saasonal manual

operation, controls sel-up and programming, ImLﬂEShDDl.Ing and atarms.

Interactions with ather systems, adjustments and optimizing methods for energy

conservation, relevant health and safety issues

Adjustments and aplimizing methods for energy conservation

Relevant health and safety issues
Special maintenance and replacement sources

Tanant interaction issues

Discussion of how the feature or system is envinonmentally responsive

ss (we B mr[eQ[iD
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Table 5: Cormmissicning Repon Components

Commissioning Report Components

Description of the owner's project
requirements

Description of the project specifications

checkiist cﬁs‘::uiﬁon}
Functional performance testing results
and forms,

O&M documentation evaluation
Training program evaluation

Value of the commissioning process

Ouitstanding issues

missioned features and systems. Train-

ing must address the issues in Table 4.

setup and programming, toubleshooting,
alarms, control drawings and schemarics
and fimal sequences of operarion,
iR i

ing reporc must be presented o the owner
within a reasonable time after occupancy.
The repore must include a list of cach
commissioned system and assembly, as
well as the disposition of the Commis-
sioning Authority regarding the system's
arassembly’s compliance with the owner's
project requirements, Required compo-
nents of the commissioning report are
listed in Table 5.

The written list of all ourstanding com-
missioning issues and any resting that is
scheduled for a later date, justified by sea-
sonal conditions, must be included. A
list of any compromises in the environ-
fearures must be pro-

O&M N Is: The C
Aulhnnty must review the operations :md
e (D&M Is for all
commissioned systems and assemblies for
completeness and applicability. The
Q&M data must be bound in labeled
binders liberally divided with tabs, or pro-
vided elecrronically, o provide efficient
access, Manuals should include: name,
address and relephone number of the
manufacturer or vendor and installing
contractor; submittal data; and opera-
tions and maintenance instructions with
the model and fearures for this site dearly
marked. The manual should only include
dara for equipmenc cthat is acrually in-
stalled.

Dhata requirements include: instructions
for installation, maintenance, replace-
ment, start-up, special maintenance and
replacement sources, a pares list, a list of
special cools, performance daea, and war-
ranty information.

The manual should also include a docu-
mentation package on as-built controls thar
includes a narmarve for normal aperation,
hurdown, unoccupied operation, seasonal
. manual contrals

T
B

=

vided. All uum—.mdmg enviranmentally
responsive fearure deficiencies must be
corrected or listed in the commissioning
report.  All completed functional eests
should be listed in an appendix to the
commissioning report.

Technologies

Commissioning is a process, not a tech-
nology that can be purchased. Use the
USGBC membership hsting (sort by Pro-
fessional Firms: C issioning Provid-
ers), professional contacts and the [ncerner
to find experts who understand the gov-
erning energy codes and the equipment
that contractors are likely o furnish and
mﬁmﬂ "u:v:n] professional training snd ac-

prog have been developed
ﬂor the commissioning process. While not
required for LEED project certification,
owners may benefit from engaging a cre-
denrialed Commissioning Authority, See
the Resources Secrion.

Synergies and Trade-Offs

The commissioning process affects all sys-
tems and assemblies, borh static and dy-
namic. Site features on the project that




Tequire
alternative fueling stations and exterior
lighting fixtures and systems. Warer com-
missioning includes irrigation systems,
plumbing fixtures and plumbing infra-
structure. Energy commissioning covers
HVAC systems, lighting and energy-gen-
cration equipment, Commissioning ac-
tivities thar affect indoor environmental
quality include temperature and humid-
ity controls, ventilation systems, monitor-
ing equipment, occupant controls, enve-
lope integrity and daylighting systems,

ing attention include

Resources

Web Sites
American Society of Heating, Refrig-
eration and Air-Conditioning Engi-
ncers (ASHRAE)

www.ashrae.org, (B00) 527-4723
Provides a rwo-day i

P with the General Services Ad-
ministration, developed the Building
Comimissioning Ciide.

Oregon Office of Energy, Conmission-
ing for Better Buildings in Oregon
www.energy.state.or.us/bus/comm/
bldgex, (503) 378-5697

This document (and Web site of the same
name) contains a comprehensive intro-
duction to the commissioning process,
including research, financial benefits and
case studies,

Portland Energy Conservation Inc.
(PECI)

PECI Model Building Commissioning
Plan and Guide Specifications
www.peci.ofg, (303) 248-4636

Details the commissioning process for new
equipment during design and construcrion
Pllﬂﬁ Fnr 1arg|er prejects, In addition w

¥ course
on the commissioning process. ASHRAE
Guideline 07, The Conmmissioning Process,
is being developed,

Building Commissioning Association
www.boxa.org, (425) 774-6909

™ i lds

g guidclines, the document
prowdcs boilerplate language, content, for-
mart and forms for specifying and execur-
ing commissioning. The document builds
upon the HVAC Commissioning Process,
ASHRAE Guideline 1-1996, with signifi-
cant 'u'ldlnnnal derail, clarification and in-

I « g prac-
tices thar maintain h|gh pm&ssmna] star-
dards and fulfill building owners” expec-

tations. The association offers a five-day
inrensive course focusing on how o
implement the commissioning process,
intended for Commissioning Autharities
with at least two years' expericnce.

Federal Energy Management Program
Building Commissioning Guide
www.eren.doe.govi/femp/rechassist/
bldgeomgd.hml

The Energy Policy Act of 1992 requires
cach federal agency to adopr procedures
necessary o ensure that new federal build-
ings meet or exceed the federal building
energy standards established by che ULS.
Department of Energy (DOE). DOE%
Federal Energy Management Program, in

The d contains four
parb, totaling over 500 p)gts
Part1. C q
Dresign Phase: € ::mmnssmmng Fequire-
ments of the design team, includinga full
solicimtion for commissioning services.
Part I1. Model Commissioning Plan—
Design Phase:  Derailed commissioning
boilerplate plan for ¢ g dur-
ing design, including design intent and
basis of design formar for 15 system types,

Pare IT1. Commissioning Guide Specifi-
cations: A comprehensive guide orga-
nized by specification secrions covering
protocols, procedures and responsibilities
of all parties. Includes complete specifi-
cation language for Divisions 1, 15, and

This part includes esting require-
ments for 15 system types. Also included

'ss weEfmr[eq[ 1D
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are derailed construction checklists for 20
types of equipment and example Rune-
tional test procedures for 30 system types.
Part TV. Model Commissioning Plan—
Construction Phase: Modular commis-
sioning plans with 30 representative forms
to facilitare the commissioning process.
University of Wisconsin, Madisan,
Department of Engincering Profes-
sional Development

epdwww.engrwiscedu, (800) 462-0876

Offers commissioning process teaining
ses for building owners, architects, en-
sineers, operations and maintenance staff,
and other interested parties. The program
also offers acereditarion of commissioning,

col

process providers and managers.

Print Media

ASHRAE Guideline 1-1996: The
HVAC Commissioning Process, Ameri-
can Sociery of Heating, Refrigerating and
Air-Conditioning Engincers, 1996,
~org, (B00) 527-4723

The purpose of this guideline is to de-
scribe the commissioning process to en-
sure that heating, vent
ditioning (HVAC) systems perform in
conformity with design intent. The pro
cedures, methods and documentation re-
quirements in this guideline cover cach
phase of the commissioning process for
all types and sizes of HVAC systems, from
pre-design through final acceptance and
posi-occupancy, including changes in
ing and occupancy requirements af-
occupancy,

ASHRAE Guideline 4-1993: Prepara-
tion of Operations & Maintenance
Dac ion for Building $
American Society of Heating, Refrigerat-
ing and Air-Conditioning Engineers,
1993,

The purpose of this guideline is to guide
individuals responsible for the design,
construction and commissioning of

www,ashr

and air<on-

HVAC building systems in preparing and
d.chvl.rlng O&M documentation. The
i id formar, de-
ln::r)f and maintenance of HYAC build-
ing systems Q&M documentation nor-
mally provided by the building design and

construction team members,

Sustainable Building Technical
Manual, Public Technology, Inc., 1996
(www.priorg).
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Minimum Energy Performance Prerequisite 2
Intent Required

Establish the minimum level of encrgy efficiency for the base building and systems.

Requirements

Design the building to comply with ASHRAE/IESNA Standard 90.1-1999 {without
amendments) or the local energy code, whichever is more stringent.

Submittals

0 Provide a LEED Lewter Template, signed by a licensed professional engineer or
architecr, stating that the building complies with ASHRAE/TESNA 90.1-1999 or
local encrgy codes. I local encrgy codes were applied, demonstrate that the local
code is equivalent to, or more stringent than, ASHRAE/IESNA 90.1-1999 (with-
out amendments).

of R ed Standard
!

ASHRAE/TESNA 90.1-1999: Energy Standard for Buildings Except Low-Risc Resi-
dential

American Society of Heating, Refrigeraring and Air-Conditioning Eng

www.ashrae.org, (800) 527-4723

Standard 90.1-1999 was formulated by the American Society of Heating, Refrigerat-
mg and Air-Conditoning Engineers, Inc. (ASHRAE), under an American National

fards Insti [ANSI) process. The project commitzee consisted of
maore than 50 individuals and erganizations interested in sal building energy
codes for idential projects (o ial, institutional, and some portions of

industrial buildings) as well as for high-rise residential buildings. The llluminaring
Engineering Sociery of North America (IESNA) is a joint sponsor of the standard. The
standard is also the basis of Chapter 7 of the International Cade Council’s 2001 Inrer-
national Energy Conservation Code, and forms the basis for many of the commenrcial
requirements in codes that states consider for adoption. U.S. state energy codes thar
are equivalent or more stringent than the referenced standard are identified on the
LS. Deparrment of Energy’s Building Energy Codes Web site (see the Resources sec-
tion for more details).

Standard 90.1 eseablishes mini qui for the encrgy-efficient design of
buildings, except low-rise residential buildings, The provisions of this standard do not
apply to single-family houses, multifamily Sbikictsoies of th mieha bilkble suries or fowes
above grade, manufactured houses (mobile and modular homes), buildings thar do not
use either electricity or fossil fuel, or equipment and portians of building systems that
use enc-rgy pnmanly far mdu-rrrral manufacmrmg or commercial processes. Building

pe reqs are p d for semi-heared spaces, such as warchouses,
The standard provides eriteria in the follow: g::.nemL gories: buildi !
* {section 5} heating, venrilating and air-conditioning (section 6); service weater hearmg

LEED-NC Version 2.1 Reference Guide
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{section 7}; power (section 8); lighting (section 9); and other equipment (section 10).
Within each section, there are mandarory provisions thar must always be complied
with, as well as additional preseriptive requirements, Some sections also contain a
performance alrernare. The Energy Cost Budger aption (section 11) allows the user to
exceed some of the prescriptive requirements provided energy cost savings are made in
other prescribed areas. However, in all cases, the mandatory provisions must still be
met. See Design Straregics below for a more detailed y of the
included in each section,

4

Table 1: Seope of Reguirements Addressed by
ASHRAE 90.7-199%

Components

Building Envelope

Heating, Ventilating, Air Conditioning
Service Water Heating

Electric Power Distribution

Electric Motors and Drives

Lighting




Green Building Concerns

Traditional development paradigms thac
have dominated building design for the
past 50 years assume off-site generation,
transmission and delivery of energy.
While a case can be made that off-site

ample, integrated design features may al-
low for smaller HVAC equipment. Lo-
cal utility rebare programs and incentives
from the statc energy office are sometimes
available for energy-efficient design and
equipment.

generation has enabled devel
lize space more productively, the benefits
gained have come ar a high environmen-
tal cost.

Pers to uti-

The evidence demonstrating char com-
bustion of fossil fuels (CO, and NO ) is
linked o global warming continues ro
MOUNT even as we continue to excract aned
burn these Fuels at an increasing rare.
Deregulared energy markets have enabled
hydroelectric generation activities to mar-
ket their electricity in regions unaffected
by the regional impaces that dams can
have on endangered species. Habitar pro-
tection is becoming a eritical element of
power planning and allocation effores.

MNuclear power continues to be £oukLs:

G ity Issues

Reduced dependence on fossil fuels for
heating and cooling reduces air polluranc
levels in urban areas. The EPA reports thar
abour ane out of every three people in
the United States is at a high risk of expe-
riencing adverse health effects from
ground-level ozone (smog).

Design Approach

This prerequisite requires thar the build-
ing comply with ASHRAE/TESNA 90.1-
1999 or the local code, whichever is more
stringent. For a general sense of how Stan-
dard 90.1-1999 compares with an indi-
vidual starte encrgy code, see the U.S.

versial due to security and

issues relared o waste reprocessing, trans-
portation and storage. As the side cffects
associated with energy use become beteer
uaderstood, the demand for energy effi-
ciency and renewable energy continues to
grow,

Environmental Issues

Natural resource extraction, air pollurion
and warer pollution can be grearly reduced
by minimizing consumption of non-re-
newable energy resources.  Refer to the
introduction of the Energy & Armosphere
section for more information.

Economic Issues

Complying with the requirements as
stated in the ASHRAE/IESNA 90.1—
1999 standard decreases opcmtmg CosTs
by reducing roral s I as

Deep. of Energy's Building Energy
Codes Web site (sce the Resources sec-
tion). LEED compliance znd ecredits,
however, are determined for a specific
building. Consequently, it is necessary
0 go beyond simple or general compari-
sons. Iris necessary to look ar the require-
ments applicable to the proposed design,
such as the specific building envelope sys-
rems, mechanical systems and lighting
uses,

Where both Standard 90,1 and the local
code contain a provision thar addresses
the same topic (e.g. lighting power al-
lowances for office space), it is usually easy
to identify which document has the more
stringent provision. Semetimes, however,
Standard 90.1 and the local code will sub-
divide areas in different ways (e.g., Stan-
dard 90.1 contains four caregories of in-

well as “time of day” or “rime of scason”
demand charges. The reduced total en-
ergy demand for a building also may
translate into reduced first costs. For ex-

lation requi for walls above
grade, while a local code may only have
one or two categories), and Standard 90,1
might have the more stringent provisions

S5 WEHMR EQFID

Prerequisite 2

Credit Synergies

EA Prerequisite 1
Fundamental Building
Systems Commissioning
EA Prerequisite 3
CFC Reduction in
HVACER Euipment
EA Credit 1

Optimize Energy
Performance

EA Credit 2
Renewable Energy
EA Credit 3
Adddditional
Commissoning

EA Credit 5
Measurement &
Verification

EQ Prerequisite 1
Minimum 140
Performance

EQ) Credit 1

Carbon Dioside (€0}
Monitaring

EQ Credit 2

Inscrease Ventilation
Effectiveness

EQ Credit 6
Contrallability of
Systens

EQ Credit 7
Thermal Comieort

EQ Credit 8
Daylight & Views
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local code will have the more stringent
provisions in other ¢ i
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Strategies

Each section of Standard 90.1-1999 de-
scribes the applicability of the provisions
(e.g.. definitions and the building ele-
ments of interest), lists the mandatory
provisions, and offers a prescriptive path
or a performance path o d

visions, the window area must be less than
504 of the gross wall area and the sky-
light area must be less than 5% of the
gross roof area. In some instances, this
prescriptive approach may not be pre-
ferred because the designer may wish to
use certain envelope assemblies thar do
not comply or the designer may wish to
use larger fenestration arcas. In these
cases, the alternate path in Section 5.4

lains the Building Envelope Trade-off

compliance,

lb'll'ur‘ !r "s A Jinscc_
tion 5 of the referenced standard and in-
cludes three parts that must be sarisfied
w0 earn this prerequisies 5.1, 5.2, and
5.3; OR 5.1, 5.2, and 5.4; OR 5.1, 3.2,
and 11, The building envelope measures
apply to enclosed spaces heated by 2 hear-
ing system whose output capacity is equal
to or greater than 3.4 Bru/hour-square
faot or cooled by a cooling system whose
sensible output capacity is equal to or
greater than 5 Bru/hour-square foor. art
5.1 differentiares berween the exterior
envelope components and semi-exterior
envélope components {5.1.1), as well as
indicating how semi-heated spaces are to
be treared (5.1.4). These definitions are
helpful in determining the correct values
to use in subsequent charts. Part 5.2 de-
seribes mandatory provisions for insula-
tion installation (5.2.1), window, skylight
and door rarings (5.2.2), and air leakage
(5.2.3). Part 5.3 contains the prescrip-
tve provisions for insulation for opaque
assemblics (5.3.1) and U-factor and
SHGC for fenestration (5.3.2).

These preseriprive provisions are custom-
ized for the location and climare of the
project, The formar is shown in an in-
structive example table (Table 5.3). Lo-
cations are listed alphabetically by state
in Appendix I2, with a cross-reference to
the appropriate building envelope tble.
The prescriptive building envelope tables
for the various climares are located in
Appendix B, To use the prescriptive pro-

OLrion that can be Tollowed Bar compli-
ance. If the designer does not wish to
demonstrate compliance using Sections
5.3 or 5.4, the last option is to analyze
the entire building using the Encrgy Cast
Budget method in Section 11. The Build-
ing Envelope section does not address
moisture control or provide design guide-
lines to prevent moisture migration.
and Air Conditi
ing is addressed in Section 6 and includes
three paths to demonstrate compliance
with the standard: 6.1.3; OR6.2and 6.3;
OR 6.2 and 11, Pare 6.1.3 describes an
approach that may be used for buildings
that: 1) are two stories or less and 2) are
25,000 square feet or less. This s the sim-
plest path o compliance for small build-
ings.

Part 6.2 contains the mandatory provi-
sions. Tables include mandatory perfor-
mance levels based on equipment size
{6.2.1), The tables also provide efficiency
levels that tool effect in 2001, Minimum
control schemes are listed for th

off-hours including setback and optimum
searr, seair and elevator vents, outdoor air
supply and exhaust vens, heat pump au-
iliary heat, enclosed parking gamge ven-
tilation, humidification and dehumidifi-
cation, freeze proection and snowlice
melring syscems, and ventilarion for high
occupancy arcas(6.2.3); as well as mini-
mum duct construction and duct and
pipe insulation criteria (6.2.4).

Part 6.3 provides a prescriptive compli-
ance option. Prescriptive provisions are




included for air and water economizers
(6.3.1}; simultaneous heating and cool-
ing limitations (6.3.2); air system design
and control including fan power limira-
tion and variable speed drive (6.3.3); hy-
dronic system design and conrreol includ-
ing variable flow pumping (6.3.4); heat
rejection equipment (6.3.5); energy recov-
ery from exhause air and cond water

seriprive path (9.3) with two caleulation
methods for interior lighting (9.3.1) and
one caleulation method for exterior light-
ing {9.3.2) can be employed to show fi-
nal compliance.

For interior lighting, Building Area Method
calculations (9.3.1.1) can only be used in
cases where the projeet involves the enrire

(6.3.6); kirchen and fume exhaust hoods
(6.3.7); radiant hearing systems (6.3.8);
and hot gas bypass limitations (6.3.9).
Here again, the alrernare is Section 11,
the Energy Cost Budget Method.
Service Water Heating is addressed in Scc-
ton 7. This secrion folhwi's a suml.ar pat-
tern of d

building, or asingle independent occupancy
within a multi-occupancy building, Selecr-
ing the allowable lighting power density
from a building type rable and multiplying
by the project area calculates the ngh(mg
budger all . If the towl p

lighting power density is lower thaan thene
terior lighting power allowance, the project

(7.2} and then achoice ofpmnpuvc 7.3
or performance based compliance (11).
There are mandatory provisions for cffi-
clengy (7.2.2), piping insulation (7.2.3),
controls 7.2.4), pool heaters and pool cov-
ers (7.2.5), and heat eraps for storage tanks
(7.2.6). Ifthe system isa combination space
heating and warer heating system and meets
cermain prescriptive thresholds (7.3.1), no
further demonstration of service water heat-
ing compliance is required. IF che thresh-
olds are not met, the Energy Cost Budger
Method must be followed ro demonstrare
compliance.

Power provisions are addressed in Section
8. This section only contains mandarory
provisions (8.2). There are no prescrip-
tive provisions. Voleage drop is limited
(8.2.1) and a ser of manuals and as-buile
drawings must be provided o thc owner
od the power distrit sys-
tem and all major pieces of equipment
(8.2.2).

Ll.ghung is addrmed in Section 9. There
sa d. bsection (9.2}
thar desc nhﬁ ini i nis for
contrals (9.2.1), randem wlnrlg (9.2.2),
luminaire source efficacy for exit signs
(9.2.3), interior lighting power definitions
(9.2.5), and luminaire source efficacy for
exterior lighting fixoure (9.2.6). A pre-

plics. Itis the simplest caleulation meth-
odology for lighting,
The Space-by-Space Method calculations
(9.3.1.2) arc applicd to mixed-use
projects. The method essentially aggre-
gates multiple instances of building area
method calelations for different occu-
pancies. Trade-offs berween different
spaces are allowed as long as the toral pro-
posed lighting power densiry is less than
the sum of the lighting power budger al-
lowances for all individual occupancies.
If the Encrgy Budget Cost Method is used
for the overall building compliance, the
proposed lighting design in the Energy
Budger Cost Method model must be
based on the lighting power density re-
quirements of the prescriprive methods
1o demonstrate compliance,
Other Equipment including eleceric
maotors is addressed in Secrion 10, This
section only contains mandatory provi-
sions (10.2). There are no prescriptive
provisions. All motors must comply with
the requirements of the U.S. Energy
Tolicy Act (EPAct) of 1992 (10.2).
The Energy Cost Budget Method is pre-
sented in Section 11 and describes the pro-
cess to setup and execure a building simu-
larion ro demonstrate compliance, This is
the alternate 1o following the prescripive
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provisions of this standard. It may be ap-
plied e all proposed designs 1o demonstrate
compliance with the standard EXCEPT
those designs thar include no mechanical

ergy and resource efficiency of commercial
and multi-unit residential buildings.

American Council for an Energy Effi-

system, MNote thar this method muse be used
w0 claim EA Credir 1: Optimize Energy
Performance. Therefore, it is desimable
begin work on the simulation as soon as
possible so that the energy efficiency ben-
efits of various strategies can be evaluared
early in the design process when there 15
the most fexibiling: FA Credin 1 inchades
more detailed discussion of the Energy Cost
Budger Methad,

Synergies and Trade-Offs
The ASHRAE 90.1 standard is designed

to afford significant rrade-offs in enerpy
efficiency measures while holding the to-
wal energy budger of a building constant
or reducing it Even for the basic com-
pliance path, there are options o rade
off within cach of the Envelope, HVAC,
Wager Heating, Power and Lighting sec-
tions,  Appropriate ve
included in energy cff

ensue optimal indoor g

o st be
y efforts 1o
qualiry.

Calculations

Fallow the calculation and documentation
methodology as presciibed in the referenced
standard.  Recond all caleulanions on the
appropriate ASHRAE forms. Provide these
forms w USGBRC if the credit is audited
during the LEED certification review. FA
Credir | includes derailed discussion of the
Energy Cost Budger Method and the LEED
Enengy Modeling Protocol.

Resources

Weh Sites
Advanced Buildings
www.advancedbuildings.org

Hosted by a Canadian public/private con-
sortium, this site provides explanations,
costs, and information sources for 90 rech-
nologies and practices that improve the en-

cient E:

www.aceee.ons, (202) 429-8873

ACEEE is a nonprofit organization dedi-
cared vo advancing energy efficiency as a
means of promoting both economic pros-
perity and enviconmental protection.
Exercy Star” Buildings Upgrade
Manual

www.cnergystar.gov (Tools & Resources
secrion), (B88) 7R2-7937

This document from the EPA i a guide
for Expncy Stak Buildings Pareners ro use
in planning and impl fizabl,

enerpy-clficiency upgrades in their facili-
tics and can be used as a comprehensive

framewaork for an energy steategy.
New Buildings Lastitute
www.newbuildings.org, (509) 493-4468

The New Buildings Instivuce is a non-
profit, public-benefits corporation dedi-
cated o making buildings beter for
people and th
is to promore energy efliciency in build-
ings through technology research, guide-
lines and codes.

LS. Dep of Energy’s Building
Energy Codes Program

vironment. [ts mission

www.encrgycodes. gov

The Building Energy Codes program pro-
vides comprehensive resources for states
and code wsers, induding news, compli-
ance software, code comparisons and the
Status of Stare Energy Codes darabase.
The database includes state encrgy con-
tacts, code status, code history, DOE
grants awarded and construction data.

U.S. Department of Energy’s Office of
Energy Efficiency and Renewable Energy

www.eere.cnergy.gov, (800) DIAL-DOE

A comprehensive resource for Depart-
ment of Energy information on energy



efficiency and renewable energy, includ-
ing access to encrgy links and
downloadable documents.

Print Media

ASHRAE Standard 90.1-1999 User's
Manual, ASHRAE, 1999,

The new 90.1-1999 User's Manual was
developed as & companion document to
the ASHRAE(TESNA Standard 90.1-
1999 (Energy Standard for Buildings Ex-
cept Low-Rise Residential Buildings).
The User's Manual explains the new stan-
dard and includes sample caleulations,
useful reference marerial, and information
on the intent and application of the stan-
dard. The manual is abundandy illus-
rrared and conrains numerous examples
and tables of reference data. The manual
also includes @ complete ser of compli-
ance forms and worksheets chat can be
used ro document compliance with the
standard,

The User's Manual is helpful to archirects
and engineers applying the standard w
the design of huildings; plan examiners
and field inspectors who must enforce the
standard in areas where it is adopred as
code; and contractors who must construce
buildings in compliance with the stan-
dard. A compact disc accompanies the
User’s Manual and contains the EnvSed
4.0 Computer Program for performing
building envelope trade-offs, plus elec-
tronic versions of the compliance forms
found in the User’s Manual.

Commercial Lighting Efficiency Re-
source Book, EPRI, 1991.

Sustainable Building Technical
Manual, Public Technology, Inc., 1996,
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CFC Reduction in
HVAC&R Equipment

Intent

Reduce ozone depletion.

Requirements
Zero use of CFC-based refrigerants in new base building HVAC&R systems, When
reusing existing base building HVAC equiy complete a comprehensive CFC phase-

Ut Conversion.

Submittals

O Provide a LEED Letter Template, signed by a licensed professional engineer or
architect, declaring that the building’s HVAC&R syseems de nor use CFC-based
refrigerants.

< e e

y of R ed
There is no standard referenced for this credit.

Required

LEED-NC Version 2.1 Reference Cuide
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Credit Synergies

EA Prerequisite 2
Minimum Enirgy
Perinrmance

EA Credit 1
Optimize Engy
Perormance

FA Credit 4
Ozone Diplétion
MR Credit 1
Buibleling Feuse
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Green Building Concerns

Older refrigeration equipment uses chlomf-
luoracarbons (CFCs) in refrigerants, CFCs
are the roor cause of serious environmental
and healdh problems, The reaction berween
a CFC and an ozone molecule in the carths
stratosphere destroys the czone and reduces
the saatosphere’s ability to absorb a por-
tion of the sun's ultravioler (L) radiation,
Overexposure o UV rays can lead o skin
cancer, canaracts and weakened immune
systems. Increased UV can also Jead 1o re-
duced crop yield and disruprions in the

marine food chain.

CFCs fall into a larger catepory of azone-
deplering substances (ODSs). The United
States is one of the world’s largest emiteers
of ODSs. As s ions taken in the
United States 1o limit the release of ODSs
have a significant impact on global O[S
release, Recognizing the profound human
hiealth risks associated with orone depletion,
160 countries. have agreed ro follow the
Montreal Protocol on Substances thar De-
plete the Ozone Layer since the late 19805,
This treaty includes a omerable for che
phase-out of production and wse of ODSs,
In compliance with the Montreal Proocol,
CFC prosuction i the United Srates ended
in 1995,

As part of the ULS. commitment to imple-
menting the Montreal Protocol, Congress
added new provisions to the Clean Air
Act designed o help preserve and procect
the stratospheric ozone layer, These
amendments require the ULS, Environ-
mental Protection Agency (EFA) to de-
velop and implement regulations for the
responsible management of ozone-depler-
ing substances in the Unired Stares. EPA
regulations include programs tha ended
the domestic producton of ODSs, i
dified safe and effeceive alterna
ODSs, and require

facturers to la-

Environmental Issues

Leaks in refrigeration cireuits result in CFC
releases invo the aunosphere. CFCs destroy
stratospheric ozone molecules through a
catalytic reaction that splits the molecule,
The reaction renders the ozone incapable
of shielding the earth againse incoming ul-
wviolet radiation. CFCsin the seratosphere
also absorh infrared radiation and function
as porent greenhouse gases.

Banning the use of CFCs in refrigerants
shows the depletion of the orone layer and
reduces the accumulagion of greenhouse
gases and the potential for global climate
change, Thoughthully choosing equipment
can also result in grearer energy efliciency.

Economic lssues

CFC production in the United States was
completely phased our by the end of
1995, Alchough it is possible to obrain
CFC refrigerants from existing stocks
(bath virgin and recycled), competition
for these materials will increase dramari-
cally in the fumure, Shrinking supplies
combined with continued demand has
increased the cost of the remaining CFC
stockpile higher, thus altering the eco-
nomics of refrigerant and fiee suppression
ﬁyhﬂ.‘m conversion.

Specification of pon-CFC building equip-
ment is now standard as no new systems
ng CFCs are being manufactured,
Existing building renovations will require
additional first costs to convert or replace
systems currently using CFCs, Most new
non-CPC HVAC systems and reflrigerants
are cost-compettive with CFC equip-
ment. Replacement rather than canver-
sion of HVAC systems may increase
equipment efficiencies and enable projects
to reap energy savings over the life of the
building.

bel praducts either containing or made
with chemicals thar have a significant
wzone-depleting potential,

C ity lssues

Ozone depletion negatively affects the
Earth and s inhabitants. Human beings
overexposed to UV rays are at a higher



risk of developing skin cancer, cataracts
and weakened immune systems. In-
creased UV contribures 1o reduced crop
yield and disruptions in the marine food
chain. Elimination of CFCs in building
equipment reduces ozone depletion and
in turn minimizes the health and CIWI'
ronmental risks as well as their i

Synergies and Trade-Offs

This prerequisite is the ﬂrst step ina two-

g
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step process (o reduce a t g5 con-
ion to the ozone d bl
Also see EA Credir 4. Ithe pmjoc: does
not contain mechanical refrigeration
r:qu.lpmcn( then the project meets the re-
of the isi

economic impacts.

Design Approach

Specify only non-CFC-based refrigerants
in all base building HVAC&R and fire
suppression systems.  In existing struc-
tures, check HVAC, refrigerant equip-
ment and fire suppression systems before
beginning design work. Ifequipment uses
CFCs, the owner must complete a refrig-
erant change-out prior to completion of
the project. These requirements also ap-
ply to central or district cooling facilities.
Strategies
Caonsider the characreristics of various
CFC substitutes. Refrigerants have vary—
lng ippli liferimes, d
ing porentials (ODPs) and global- w:rm
ing potentials (GWDs). Table 1 provides
examples of environmental liferimes,
ODP values and GWP values for a vari-
ety of refrigerants.  Refrigerants should
be chasen that have short environmental
lifetimes, small ODP values and small
GWP values. The phase-out period of
CFC substitutes should also be ml(cn into
when specifying
Some of these refrigerants are mp:ahl:
alternarives roday bur have relarively shore
phase-our deadlines,

Technologies

No “ideal” alternarive for CFCs has been
developed. See the EPA’ List of Substi-
tutes for Ozone-Depleting Substances
{www.cpa.goviozone/snap) for a current
listing of al 0 CFC refrigy

Nore that some alternatives are not suit-
able for retraties.

q 1 Refrig-
erarion equipment and refrigerant choices
will impact on the energy performance
of the building. Thus, it is important w
balance energy efficiency wich refrigera-

Table 1: Refrigarant Emvironmemal Data

Refrigerant  Lifetime ODP GWP
CFC-11 1 4000
CFC-12 100 1 8500
CFC-13 640 1 11,700
cFC113 85 1 5000
CFC 114 300 1 9300
CFC -115 1,700 1 9500
Halon 1211 " 3 nfa
Halon 1301 65 10 5600
Halon 2402 n'a L mia
HCFG-22 12 006 1700
HCFC-123 1 o002 93
HCFC-124 6 002 480
HCFC-141b 8 o1 B30
HCFC-142b 19 007 2000
HFC-32 586 o 650
HFC-125 326 0 2800
HFC-134a 146 ¢ 1,300
HFC-143a 48.3 0 3,800
HFC-152a 1.5 o 140
HFC-236fa 209 0 6300

‘Souurma: B4 Dzona Dupdlin Web Ske.
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building equip thar currently uses
CFCs,

Resources

Web Sites

Benefits of CFC Phase-out

www.epa.goviozone/geninfo/
benefirs.homl

An EPA document on the benefits of
CFC phase-our, including brief case stud-

1es.
U.5. Envirenmental Protection
Agency’s Ozone Depletion Web site

www.epa.goviozone, (800) 296-1996

Provides information about the science of
ozone depletion, the regulatory approach
1o protecting the czone layer (including
phase-our schedules) and alternarives to
ozane-depleting substances,

U.S. Environmental Protection
Agency'’s Significant New Alternatives
Policy (SNAP)
www.cpa.goviezonc/snap, (800) 296-
1996

An EPA program to identify alternatives
to ozone-depleting substances, the SNAP
Program maintains up-to-dare lists of
environmentally friendlier substitures for
refrigeration and air conditioning equip-
ment, solvents, fire suppression systems,
adhesives, coatings and other substances,

Print Materials

Building Sy P T
Manunal, SMACNA, 1995,

CFCs, HCFC and Halons: Professional
and Practical Guidance on Substances
that Deplete the Ozone Layer,
ASHRAE, 2000.
The Refrig M ging
The Phase-Out of CFCs, BOMA Inrer-
narional, 1993.

1. M.

Definitions

Chlorofluerocarbons (CFCs) are hydro-
carbons thac deplete the strarospheric
ozone layer,
Hydrochlorofluorocarbons (HCFCs)
are refrigerants that cause significantly less
depletion of the stratospheric ozone layer
compared o CFCs.

Refrigerants arc the working fluids of
refrigeration cycles. They absarb heat
from a reservoir at low temperatures and
reject hear ar higher temperatures,



Optimize Energy Performance
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Credit 1

Intent

Achieve increasing levels of energy performance above the prerequisite standard o
reduce envi | impacts iated with excessive encrgy use.

Requirements

Reduce design energy cost compared 1o the energy cost budger for energy systems
regulared by ASHRAE/MESNA Standard 90.1-1999 (without amendments), as dem-

d by a whole building simulation using the Energy Cost Budger Method de-
seribed in Section 11 of the Stndard,

MNew Bldgs.  Existing Bldgs. Points

15% 5% 1

20% 10% 2

254 15% 3

30% 20% 4
354 25% 5
0% 30% 6
454 35% 7
50 40% 8
55% 459% 9
0% 508 10

Regulated energy systems include HVAC (heating, cooling, fans and pumps), service
hot water and interior lighting. Non-regulated systems include plug loads, exterior
lighting, garage ventilation and elevarors {vertical rransportation), Twe methods may
be used ro separate encrgy consumption for regulated systems. The energy consump-
tion for cach fuel may be prorated according to the fraction of energy used by regulated
and non-regulated energy. Alternagively, separate merers (accounting) may be created
in the energy simulation program for regulated and n gulated energy uses.

1Fan analysis has been made comparing the proposed design to local energy standards
and a defensible equivalency (at minimum) w ASHRAEIESNA Srandard 90.1-1999
has been established, then the comparison against the local code may be used in lieu of
the ASHRAE Seandard.

Project teams are encouraged to apply for innovation credits if the energy consump-
tion of non-regulated systems is also reduced.

Submittals
3 Complete the LEED Letrer Template incory gaq summary table
showing the energy saving : mies incor lin the building design.

1-10 points

LEED-NC Version 2.1 Reference Guide
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U Demonstrate via summary printout from energy simulation software chat the de-
sign energy cost is less than the energy cost budget as defined in ASHRAENESNA
9(1.1-1999, Section 11.

Summary of Referenced Standard

ASHRAE/TESNA 90.1-1999: Energy Standard for Buildings Except Low-Rise Resi-
dential

Amcrican Society of Hearing, Refrigerating and Air-Conditioning Eng
www.ashrac.ong, (800) 5274723

Standard 90.1-1999 was formulated by the American Society of Heating, Refrigerar-
ing and Air-Conditioning Engincers, Inc. (ASHRAE), under an American National
Standards Institute (ANSI) consensus process. The project commitsce consisted of
more than 30 individuals and organizations i d in commercial building encrgy
codes for non-residential projects (commercial, institutional, and some portions of
industrial buildings) as well as for high-rise residenial buildings. The Hluminating
Engincering Secicry of North America (IESNA) is a joint sponsor of the standard.
The standard is also the basis of Chaprer 7 of the International Code Council’s 2001

International Encrgy Conservation Code, and forms the basis for many of the com-
mercial requirements in codes that states consider for adaption. U.S. statc encrgy
codes that are equivalent or more stringent than the referenced standard are identified
on the U.S, Department of Energy'’s Building Energy Codes Web site (sce the Re-
sources section for more details).

Standard 90.1 establist ini Jui for the energy-efficient design of
buildings, except low-rise residential buildings. The provisions of this lard do not
apply to single-family houses, multifamily strucrures of three habicable stories or fewer
abuve grade; manufactured houses (mabile and modular homes), buildings that do not
use either u]ocmclry or fossil ﬁ.ul areq ip and portions of building systems that
use energy p ily for ind Acturing or AT processes, Building
envelope rcqulremcn(s are provided for semi-heared spaces, such as warchouses.

Table 1: Scope of Regui dlefressed by ASH 90.1-19F

ASHRAENESNA 90.1-193% Components

Section 5:  Building Envelope (including semi-heated spaces such as warehouses)

Section 6:  Heating, and Air-Condi parklng garage ventilation,
freeze protection, exhaust air energy ¥, and y for service
water heating)

Section 7:  Service Water Heating (including swimming pools)
Saection 8 Power (including all bullding power distribution systems)

Section 9;  Lighting (including lighting for exit signs, building extenar, grounds, and
parking garage)
Section 10; Other Equipment {including all p wired electrical motors)




For EA Credic 1, LEED relies extensively on the performance compliance path of the
standard, the Energy Cost Budger Method (ECB Method). The method provides
performance criteria for the components lisred in Table 1.

The ECB method is intended to d pliance with ASHRAL/TESNA 90.1-
1999 through an interactive model thae allnws comparison of the total energy cose for
the Proposed Deesign and a baseline design (Budger Building). To accomplish this
efficiently, a number of restrictions on the modeling process are imposed by the stan-
dard. Examples include simplified climate data, the facr thar both buildings muse have
a mechanical system, and thar process loads are to be included in both designs. Impor-
tant restrictions thar must be addressed to achieve compliance with the credin are high-
lighted in the Calculations section.
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Credit 1

Green Building Concerns
Energy efficiency reduces the harmful

Credit Synergies

55 Credit 7

Landscape & Exterior
Design o Reduce

Heal lslands

EA Prerequisite 1
Fundamental Building
Systems Comenissioning
EA Prerequisite 2
Minimum Energy
Performance

EA Provequisite 3

CFC Reduction in
HVACAR Fguipmen |
EA Credit 3 |
Additional
Commissioning

EA Credil 4

Ozone Depletion

EA Credil 5
Measurement &
Verification

MR Credit 1

Building Reuse

EQ Prerequisite 1
Mimirmun IACH
Perfermance

EQ Credit 1

Carhon Digxide (00}
Monitoring

EQ Credit 2

Increass Ventilation
Effectivencss

EQ Credit &
Controdlability od
Systems

EQ) Credit 7

Therral Comiboe

EQ Credit 8

Daylight & Views

| side effects of energy pro-
duction and use. Institution of energy-
efficiency measures can be done at no cost
to occupant comfort or building services.
Many energy-cfficiency measures result
in a more comfortable indoor environ-
ment while reducing operating and fisst
costs. Even small energy savings have in-
| effiects on the ¢ neand

envir

=

cost savings.
Environmental Issues

Convenrional forms of energy production
have devastating environmenral effects.
Production of electricity from fossil fuels
creates air and warer pollurtion; hydroelec-
tric generation plants can make warer-
ways uninhabirable for indigenous fish;
and nuclear power has safety concerns as
well as problems with disposal of spent
fuel. Refer w the Inroduction of the
Energy & Atmosphere section for more
information.

Economic Issues

Many energy-efficiency measures do not
require addicional first costs. Those mea-
sures that do result in higher first costs
often create savings realized from lower
energy use over the building lifetime,
downsized equipment, reduced mechani-
cal space needs, and utility rebates. These
savings can dwarf the increased first costs,
Payback periods for many off-the-shelf
energy efficiency measures are generally
short. With more sophisticated inte-
grated design, some systems can even be

LS. Green Building Council
136

The importance of even small energy-ef-
ficiency measures is significant. For in-
stance, by replacing one incandescent
lamp with a fluorescent lamp, production
of three-quarters of a ton of carbon diox-
ide and 15 pounds of sulfur dioxide are
avoided aver the lifetime of the lamp.
This substitution also saves $30-$50 in

energy costs over the operating lifecime
of the lamp.

Community Issues

Energy-efficiency measures result ina more
pleasant indoor environment and can in-
crease worker producrivity. Forward-think-
ing businesses are now actively leveraging
their facilities as a strategic 100l to attract
and rerain employees, Energy-efficiency
measures result in lower and more stable
energy prices. Reduced energy use also re-
sults in less global-warming potental, lim-
its the impact of natural resource extraction
activities, and prevents water and pollution,
benefiting everyone.

Design Approach

The ASHRAE/TESNA 90.1-1999 inter-
active calculation method is a powerful
and vesarile tool for comparing the rela-
tive costs and benefits of different energy
efficiency strategies. The design case is
modeled first, and then mandatory and
prescriptive provisions of the standard are
applied to devise the baseline case. For
instance, if the design case has a passive
solar design wich daylighting, then the
baseline case is based on the same build-
ing geometry. The terminology used by
90.1-1999 is used in this LEED eredit.
The rerm “Design Energy Cost” refers to
the design case of the project. The term
“Encrgy Cost Budget” refers to the
haseline case of the project as defined by
the standard.

The modeling mer gy din
Section 11 of the ASHRAEMTESNA 90.1-
1999 User’s Manual describes procedures
for establishing the proposed Design En-
ergy Cost and the baseline Energy Cost
Budget. Standard ASHRAE forms are
provided in the User's Manual. Use these
forms to rrack progress during paramer-
ric studies and as support documents for
this eredir.

Foadod 14,

ded 1l

Tuis rec

o start g early
in the design process. Note thar the ECB



method starts with the Proposed Design
and then backs our the Budget Building.
Consequently, as the design progresses
from schematics through final drawings,
it will be necessary o revise the Budget
Building in resp 0 the evolution of
the Proposed Design.

Starting the modeling early can provide
insights for design decisions and can pro-
videan early indication of whar it will take
to achieve certain levels of energy cost re-
ductions for a particular projecr. Many
energy efficiency measures (such as bec-
ter windows, more insulation, more effi-
cient lighting] have impacts on borh heat-
ing and cooling, sometimes in a complex
manner. The modeling methodology
shows the interactive effects of energy ef-
ficiency measures across all the building
systems. For example, when the lighting
wattage is changed, this affects both che
heating and conling energy consumption.
When more energy efficient [ighring

T HEH

local urility rate structure applicable ro the
praject. There may be uncercainty as to
what rate schedule will apply to the
praject due to a long planning horizon,
or due to deregulation of the power in-
dustry in some states. In chis case, use
default purchased energy costs as listed
in Table 4. To earn this credit, the De-
sign Energy Cost must be less than the
Energy Cost Budger.

Strategies

Three fundamental strategies can increase
energy performance: reduce demand, har-
vest free energy, and increase efficiency,
Accomplish demand reduetion by chal-
lenging initial use assumptions, by in-
creasing plug load efficiencies, and by re-
ducing internal loads and gains through
shell and lighting improvements. Har-
vesting site energy includes using free re-
sources such as daylighr, ventilation cool-
ing and solar heating to sarisfy needs for
space conditioning, Finally, the efficiency

(lower wateage) is inahb

in a hot climate with lirtle or no hearmg,
the madel will indicare how much addi-
tional energy savings there are in space
cooling (due to lower internal loads) and

of the building HVAC system should be
maximized to meet the other building
conditioning requirements.

This d1m.~m~p zppruuch to optimize en-

how much the peak cooling equip

can be downsized (for first cost savings).
For a cold climare, the model will show a
somewhat lower cooling savings, but also
some increase in heating (due o a lower
internal load). In almost all cases, chere
will be savings beyond that of the light-
ing alone, with the maost savings in the
hottest climates and the least in the cold-
est climares.

The unit of measure for energy perfor-
mange required for this credic is the an-
nual energy cost expressed in dollars.
Annual energy costs are determined us-
ing raees for purchased energy such as elec-
ericity, gas, oil, propane, steam and chilled
water that arc approved by the adopting
authority (e.g,, state or local government).

In the absence of an adopted rate struc-
ture, the applicant may propose use of the

ey p ce is the most effective
method to exceed performance require-
menss of the referenced standard. When
applying this approach, it is important to
establish and document energy goals and
expectations, and apply modeling tech-
niques to reach these goals.

Demand reduction is the first step o
optimize building energy performance.
Reduce demand through design strategies
such as reducing the overall building foot-
print to decrease the rotal space thar will
require conditioning, relaxing rempera-
cure design criteria to allow for a wider
acceptable range of indoor temperatures,
and utilizing occupancy sensors 1o auro-
matically turn off cquipment when build-
ing occupants are not present,

Lighting comprises 2 major fraction of a
commercial building’s encrgy budger. For
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interior lighting, reference the guidelines
of the llluminating Engineering Sociery
of North America (IESNA) and follow
the recommended illumination levels.
Lighting should be designed for specific
needs such as task lighting to reduce am-
bient lighting requirements.

Harvesting free energy is the second step

tion on the site is established, the size and
position of doors, windows and vents can
be determined based on heating, lighting,
cooling and ventilating considerations.
For example, the building fenestration can
be designed to optimize narural
daylighting, heating and cooling. A solar
path analysis for the site, as well as aper-
ture optimizacion studies, can be applied

in inereasing building energy per

and invalves meeting as much of the en-
ergy load as possible with free sources
available on-site. Strategies such as wrn-
ing off lights when daylight is available,
using cool nighttime air for ventilation
cooling, and extracting thermal value
from the ground through geothermal ex-
change are all forms of site energy har-
vesting,

Building orientation is a crucial element
to harvesting site energy. Rules of thumb
for passive solar orientation and optimal
building sections are well developed and
can be found in references. Appropriare
envelope design and material choices
should reflece the local elimare, Consid-
erations include use of the building’s ther-
mal mass to mitigate diurnal temperature
variations, strategic placement of windows
to employ natural yentilation, use of ap-
propriate insulation and glazing, and use
of appropriare colors to reflect or absorb
heat from the sun while avoiding possible
glare problems,

To realize simple solar control, the build-
ing should be aligned on an east-to-west
axis. Sun, wind and light should all be
considered when designing the building,
Solar gain through the building’s roof,
walls and windows can be beneficial or
detrimental to the buildings energy per-
formance. For example, exterior overhang
elements can be employed o shade win-
dows in summer manths and allow for
heat penetration in winter months. In
some climates, radiation or evaporative
cooling schemes are appropriate,

Onee an advantageous building orienta-

to derermine oprimal size, location and
orientation for windows, floors and sky-
lights. Glare and direer sunlight on task
areas should be minimized, and it may
be desirable to filter incoming daylight
with planes, draperies, sereens, rranslucent
shades or light-scartering glazing. Inee-
rior finishes should be specified o en-
hance daylighring based on reflectance,
To maximize daylight penetration, locate
windows high on walls or usc clerestorics
and light shelves. Light pipes or fiber-
optic devices can be used w introduce
daylight in less accessible spaces. Locare
storage areas, restrooms and low-occu-
pancy areas in the buildings central core
while locating regularly occupied spaces
in perimeter areas. Skylights and roof
monitors can use baffles w diffuse light
and reduce glare. Glazing should be se-
lected o balance the need for light trans-
mission with desired insulating and shad-
ing performance. Daylighting schemes
can incorporate automatic lighting con-
trals to respond to available daylight.

Haoles and cracks in sills, studs, joists and
other building ¢lements should be
plugged, caulked or sealed to reduce or
eliminate infiltration. Other air barriers
include weather-stripping on doors and
scaling gaskets on operable windows,
Thermal bridging should be avoided
when using materials such as megal fram-
ing that conduct hear or cold through
walls or cantilevered decks.

Increased efficiency is the final step to-
ward optimizing energy performance and
is best realized through application of
stare-of-the-art equipment to meet the



minimized building energy load. This
step is applied after the first two steps {de-
scribed above) are fully implemented.
New, high-performance lighting contin-
ues to evolve and become standard in the

rkerplace. Recent develoy in-
clude the T-5 Aucrescent light and ultra-
high efficiency sulfur lamp. Fluorescent
lamps should be sclecred over incandes-
cent bulbs due to their markedly berrer
light output per kilowact ratio. Compact
Auorescent lamps typically use 75% less
energy and lase 10 times longer than in-
candescent bulbs. When using linear
fluerescents, use a combination of T-5 or
T-8 lamps and electronic ballasts that are
housed in fixcures with a high coefficient
of utilization {CL7).

For exterior lighting, use meeal halide
lamps, low-remperature fluorescents and/
or solar powered fixtures. For emergency
lighting, use highly efficient LED (light-
emirting diode) Enercy STar-raced exir
signs, A rypical long-life incandescent exic
sign consumes 40 warts and ies lamps
must be replaced every eight months, A
rypical compact Aluorescent exit sign con-
sumes 10 warts and the lamps must be
replaced every 1.7 years, on average. A
typical LED exit sign consumes less than
5 wates and has a life expectancy of over
80 years. Also consider electrolumines-
cent signs that only use 0.5 wares.

Optimize HVAC system efficiency by net
aversizing plant equipment. All compo-
nents should be sized appropriately and
take into account other energy perfor-
mance measures incorporared in the
building. Variable-air-volume (VAV) sys-
tems can be used to reduce energy use
during part-load conditions. In certain
climates, economizer cycles can rake ad-
vantage of free eooling using outside air
within appropriate temperarire ranges.

Size duct work appropriacely and install
balancing dampers o reduce velocity
losses. Ducts with larger cross-sectional

areas have much lower air resistance and
can reduce fan energy significantdly. Duct
cross-section shapes such as round or aval
duet work can further reduce venrilation
losses, Lower air speeds in ducts reduce
energy needs and noise, Ducs work should
be insulated and sealed. Indoor air qual-
ity issues should also be considered when
selecting and insralling duct insulation.

Specify high-performance chillers and
multiple chillers of various sizes to be step-
engaged in order to efficiently meet par-
tial load demands. Specify high-cficiency
motors for all applications and variable
speed drives for fans, chillers and pumps.

Use tank insulation, anti-convection
valves, hear traps and smaller heaters with
high recovery rates to reduce energy re-
quirements for service water heating,
pumping and purification. Time-of-day
controls can further oprimize energy per-
formance.

Consider installing an effective energy
management and contral syseem or a di-
rect digital control (DDC) electronic sys-
tem. A good energy management system
will facilitate smooth building start-ups
and shurdowns as well as oprimize cffi-
ciency and occupant comfort. Control
of the management system should include
zone-level controls. Occupancy sensors
can be used to light spaces only when
people are present, resulting in lighting
energy savings of up to 60%.

Diseributed Generation (DG) and Co-
generation (Cogen) can be used 1o in-
crease delivered energy efficiency and re-
urilize waste energy from existing process
loads. Cogencration, also known as Com-
bined Hear and Power (CHP), is the si-
multaneous production of elecrricicy and
useful hear from the same fuel or energy.
Distributed Generation is the use of
small-scale power generation rechnologies
located at or close to the load being served.
Because no long-range transmission of
electricity generated on-site is required
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and waste heat from the generation pro-
cess is utilized, the delivered efficiency of
DG and Cogen Ffacilities can be far supe-
rior to electnic grid power.

Synergies and Trade-Offs

The y to employ energy-effi-
clency mmurﬂ' depends in part on the
chosen project site and site design, Sires
with greater opportunity for solar and
wind opportunities should be given pref-
erence. Reducing heat island effects can
reduce ambient temperature conditions

and thus space-cooling requirements.
Landscaping can be used to protect the
building from wind and to provide shade.
Design of site lighting can have a signifi-
cant cffect on energy use.

Water systems can also affect energy use.
Automated irrigation and plumbing fix-
tures require energy for operation. Con-
versely, low-flow plumbing can save en-
ergy required for warer pumps and hot
warer heating, Commissioning and mea-
surement & verificarion acrivities have a
significant ¢ffect on energy use and can
ensure that predicted energy s:win.g; are

cally in the Budger Building and Proposed
Deesign, excepe as specifically instructed
in 11.4. While the ECB Method makes
sense for a code compliance ool it is less
useful in determining how far green build-
ing performance may go beyond conven-
tonal practice. o provide guidance to
LEED users, and to reward energy effi-
ciency measures that are otherwise not
recognized by the referenced standard, the
LEED Erergy Modeling Protocol (EMP)
was created.

The LEED Energy Modeling Protocol
(EMIY) has some major differences from
the ECB Method, which are listed below
to assist the user with the challenges of
modeling a green building. The ECB
Method is followed unless the LEED
EMP makes exceptions or clarifications
to the ECB Method. The basic method
of demonsirating compliance is to first
model the proposed design, and then set
the model parameters back to defauls pre-
scriptive values, thus establishing a Bud-
get Building (baseline) for comparison.

Schedules of operation must be the same:
for the proposed and budger building

realized.  Reuse of an existing buildi
may limicenergy performance efforts, but
there are environmental benefits with re-
gard to materials and construction waste.
Building desigs may cxp c trade-
ot bietiveeii energy efficiency and indoor
environmenaal quality. The provisions for
encrgy efficiency should be balanced with
the prefecred levels of thermal comfore
and vencilacion effectiveness.  For ex-
ample, thermal comfore criteria will in-
teract with the HVAC design modeled in
the simulation,

Calculations

LEED relies extensively on the perfor-
mange compliance pach of the referenced
standard, which is called the Energy Cost
Budger method (ECB Methed). ECB
section 11.4 requires that all building sys-
trems and equipment be modeled identi-

models, Exquiy use profiles may not
be estimared using schedule changes. For
example, daylighting controls cannor be
approximated by turning off che lighting
in the model for a portion of the day. The
proposed design model must simulare
performance of the daylighting control in
response to daylight availabilicy. See Sec-
tion 11.3.11 of the 90.1-1999 User’s
Manual for an explanation.

Table 2: Beunding Comfon Farametens

Temperature Range Hours allowed

85"+ <20
80-85° <50
75-80° =150
B0-657 <50
55-60° <20
<55° not allowed




Design criteria, both climare data and
interior set points, must be the same for

the standard has a restricred ser of HVAC
systems that must be used in the Budgee

the proposed and budget building mod-

Building (baseline) model. Use the ECB

els. For example, if the ASHRAE 2.5%
climare data is used for the proposed de-
sigm, it must also be used for the baseline
or budget case.

Buildings that elecr to follow thermal
comfort indoor design eriteria that meet
ASHRAE Standard 55-1992 should also
pursue Environmental Quality Credir 7.
The EMP recognizes thar the design cri-
teria for a green building are often differ
ent than those used for a conventional
building, and less seringent indoor design
eriteria than Seandard 55-1992 may be
followed.  In an effort 1o keep encray
use comparisons consistent and relaced 1o
a comman definition of comfort condi-
tions, LEED defines some bounding pa-
rameters fora minimum level of comfore
during occupied houts, The bounding,
paramerers are listed in Table 2.

To assure compliance, the appl
determine if the project is wi
bounding parameters by imspection of
valugs shown on the “Building Energy
Petformance Summary fl!i PU)

M::thod to derermine the Budger HVAC
system type. Tables are provided in the
9011 User's Manual for selecting the rer-
minal system and plant conliguration.

The LEED EMP makes one exception to
this rule. For praposed equipment with
less than 150 lonmfumlm,, capaci ry. the
baseline {budget | gl ©

cooling source can be defined as air re-
gardless of the proposed design. The pur-
pose af this exception is 1o encourage
designers to specify more efficient water
based cooling systems over air-based cool-
ing systems in smaller equipment sizes,

HVAC systems in green buildings are
sometimes hybrid or experimental in na-
e, |t may be necessary o approximare
same or all of the functional aspects of
experimental systems.  To conducr the
simulation, an analog mechanical system
The simulation must
be 4 thermodynamically similar model
tht can be used o simulate passive con-
ditioning schemes.

must be creaced.

For example, there are few encrgy simu-

f 1 by most encrgy lation soft-
ware,

This repore typically provides a message
that deseribes “percent of hours any sys-
tem zone outside of thronling range” and!
or “percent of hours any plant load nor
satisfied.” 1f a building falls outside of
these parameters because it uses non-tem-
perature-hascd comfort paramerers,
demonstration of minimum comfore us-
ing the ASHRAE comfort zone depicred
on a psychrometric chart is required.
HVAC systems are generally the same
basic type in the proposed and the bud-
ger cases, Ir is assumed that any erade-
offs an: made berween more or less effi-
cient versions of the chosen system. In
efforts to reduce gaming and 1o simplify
the derermination of code compliance,

lation com| prog that can model
an under-floor venrilaton system. To cre-
ate 2 modeling analog of this system, a
comventional VAV system could be mad-
eled with 63°F supply air, extended
economizer hours, and a waller return air
plenum modeled o caprure all of the heat
from Elbhtj and some fraction of the inte-
rior gains such as plug loads. Energy
modeling judgment is required 0 creare
this representation, and should be com-
pleted by an experienced energy analyst.
Use the LEED Credit Interpresation pro-
cess to have special modeling approaches
approved.

Both the ECB Method and the LEED
EMP assume that even il a heating or
cooling system is not installed ar the time
of construction, future occupants might

ss [weEme/ea[iD
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elect m use energy-consuming remporary
measures for conditioning needs. Special
cases of absent heating or cooling systems
require the modeling of a defaule system
to establish the ECB.

For example, in a building cooled only by
passive ventilation, occupants may resort,
to personal space fans in large numbers,
eliminating the expected energy savings.
Buildings that do not have one of these
systems must have the ECB modeled with
an HVAC system thar meers the mini-
mum Prescriptive Requirements of the
referenced standard,

The approach described above may cre-
are problems when a green, nan-conven-
tional system is proposed. If no clear
HVAC System Map (Table 11.4.3) choice
is apparent, then no clear set of prescrip-
tive values for the default green system
exists, In other cases, the HVAC System
Map would lead the modeler to conclude
thar a baseline system quire different than
the proposed design should be selecred.
This decision conflicts with the ASHRAE
Seccrion 11 approach of holding the
baseline and design systems constant to
determine energy savings. When in
doubt, use the Credit Interpreration pro-
cess to have system modeling choices ap-
proved.

Fan energy is separated from the cooling
system in the ECB Method. Thus, if the
HVAC manufacrurer provides an overall
efficiency rating, such as an energy effi-
ciency ratio (EER), it must be separated
into the component energy using the co-
cfficient of performance (COP) or other
conversion factors. See Secion 11.4.3 of
the User's Manual for more information.

Outdoor air ventilation can be a major
energy consumer bus it is not considered
an opportunity for energy savings using
[hc referenced 1 | Ve ilati rates
must be the same in both the proposed
and budget building designs. 1fheat re-
covery is required (see Secrion 6.3.6.1),

then it must be modeled in both cases.
See Section 11.4.3d of the User's Manual
for more information.

Envelope criteria of special significance
include mof and shading devices. Reflec-
tive roofs that have lower heat absorption
can be modeled differently and are given
credit for reduced hear gains. If the re-
flective roof is raved at a minimum reflec-
tance of 0.70 and a minimum emiteance
of .75, the praject is not required o use
the defaule 0.30 value. Qualifying roofs
can use a modeled value of 0.45 which
accounts for age degradation of the roof
over time.

Overhangs and orher shading projec-
tions in the proposed design can receive
credir against fenestration flush 1o the
cxterior wall of the Budger Building if
these features reduce the solar gains on
the glazing, The modeler should include
the differences between the budger and
proposed cases as appropriate. lnterior
shading devices such a mini-blinds and
Lurmiﬂs Ehlt are not Pﬁrmx“e“: cannot
be used in the ECB Method to reduce
energy costs of the proposed case below
the budget. [nterior shading devices must
be modeled identically for the propased
and budget cases. See Section 11.4.2 of
the 90.1-1999 User’s Manual for an ex-

planation.

Lighting is to be modeled the same ex-
ceptas identified in 11.4.5. For lighting,
credit can be taken for lower installed
lighting wattage. Lighting controls (pri-
marily ic shutoff) are leled
using lighting schedules. Daylighting
contrals are not modeled in the budget
building, but may be modeled in the pro-
posed building design. If modeled, the
controls must be based on the response
to daylighe levels, not a change in the
lighting schedule. See 90.1 Section 11.4.5

for more information.

Othai gutlated by Standard
901.1-1999 include: parking garage venti-




lation (6.2.3.5), freeze protection and
snowlice melting systems (6.2.3.8), ex-
haust air energy recovery which applies
to laboratory systems unless they comply
with 6,3.7.2 {6.3.6.1), condenser heat
recovery far service warer hearing which
applics primarily w laundries in hospi-
wls (6.3.6.2), kitchen hoods {6.3.7.1),
laboratory fume hoods (6.3.7.2), swim-
ming pools (7,2.2 & 7.2.5), “all building
power distribution systems” (8.1), exit
signs (9,2.3), exterior building grounds
lighting {9.2.6), parking garage lighting
(9.3.1, Tables 9.3.1.1 & 9.5.1.2), build-
ing exterior lighting including entrance,
exit, and fagade lighting (9.3.2), and “all
permanently wired elecrrical motors”
(10.1). Credit can be taken in the pro-
posed building for improvements over the
minimum requirements lisied above for

the budger building,

Process energy or other energy-relired
systems that generate internal hear gains
orinteract with other enerpy systems need
1o be carefully assessed and must be mod-
eled i both the proposed and budger
designs. ASHRAE provides only limined
gundance on the defininon af process
Toads, stating thar it is “the energy con-
sumed in suppore of manuficturing, in-
dustrial or commercial processes not re-
lated 1o the comfort and amenities of the
building’s aceupans.”

In the absence of direction in the 19949
version of the standard, LEED users are
dirccred w use the minimum recepracle
loads recommended in che 1989 version
of ASHRAE as lisved in Table 3. If there
are substantially larger plug loads, they
must be modeled identically in the pro-
posed and baseline cases. For example,
many technology companies have large
plug loads associated with multiple com-
puters per user. Be aware, though, that
maost equipment naw has an energy saver
maode, so the nameplate load is rarely ex-
perienced. ASHRAE has done much re-
search in this area. Before using name-

Table 3: Minimum Receptacle Loads

Use Raceptaf.ll::e(:;let;

TWISF]
Assembly 025
Office 078
Retail 0.25
Warehouse 010
School Q.50
HotelMate| 0.25
Restaurant R
Health 1.00
Multi-family Ses ASHRAE 80.1 HE:ISE}

plare ratings for load calculations, refer
to Chaprer 29 of the 2001 ASHRAE
Handbook of Fundamentals for recom-
mended hear gain from typical computes
equipment { Table 8} and other equipment
{Tables 5-10). These loads should be
deled nsing bl i
and must be modeled identically in both
the budget and proposed cases.

Energy Rates arc an important part of

the ECB Method. Rates from the local
urility schedules are the defaule oprion w
compute energy costs. The intent is to
encourage simulations that provide own-
ers value and help them minimize their
encrgy costs. The modeler needs o use
the same rates for both the budgee and
proposed building designs.

In the absence of a local urility tare sched-
ule, or of encrgy rare schedules approved
by the local ASHRAL/TESNA 90.1-1999
adopting authority, the applicant may use
the energy rates listed in Table 4. This
table is based on Table 11-K from the 90,1
User’s Guide, and the data published pe-
riodically in the document DOE/ELA-
0380 (2000/03). Regardless of the source
of the rare schedule used, the same rare

ss [weEYmr[eq[1n |
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Table 4: Commencial Sector Average Energy Costs by Suane
Credit 1 i E No. 6 Fuel Oil

California $0.0e1 . $5.11 §2.70
Colorado $0.057 2 $4.70 nia
Connecticut S04 404 53.38
Delaware $0.069 8 .06 5282
District of Columbsa 50,071 5460 53186
Flarida 30.065 54.38 s271
Georgia 30,071 3 B4.27 s278
Hanwaii 50.126 B0 §203
Idaho 50.043 o $525 5231
Hlinois 50,078 2 $4.55 $2.78
Indiana 50062 2 $2.43
lowa 50066 55.18 $4.30 nia
Kansas S0.063 $5.38 3430 5251
Kentucky S0.052 $579 3434 nia
Louislana $0.066 $622 .07 na
Maine 50.110 §7.70 86,15 5275
Marytand 50,065 $6.52 5439 $2.74
Massachuselts 50082 §7.34 54.90 5286
Michiggan 50.080 $5.00 S4.48 5257
Minnesata 50,061 54.80 s4.39 §2.41
Mississippi S0.067 $5.28 .18 nia
Migsouri 50.058 588 2437 $2.38
Maontana 50.061 3483 3458 230
Mebraska 50.053 3488 $4.30 $2.38
MNevada 50.066 $508 $5.13 nia
Mew 50115 3763 $4.68 5255
Mew Jersey 50,089 3588 440 $292
Mew Mexion SO.0BD M0 1N nia
Mew Yark §0.115 3649 §5.06 §234
Marth Carclina 50.063 £7.00 a2y $281
Maorth Dakota 50.059 $4.35 $4.30 $238
Ohig 50076 8623 %430 5289
Okdahoma 50.053 8534 3428 237
Qregon 50.051 3463 34.54 274
Pannayvania $0.082 $7.35 3482 $2.80
Rfvode lstand 50099 pLl 3548 $3.00
South Carolina S0.063 56,74 $4.32 s272
South Daksta $0.065 84M 3426 $236
Tennessee 50.064 SE.11 34.34 240
Texas S0.067 54 3416 5248
Utah 50057 3.2 ja.ma $1.86
Vermant 50104 518 §5.22 3280
Virginia 50.057 3645 34.48 F2.68
Washingion $0.048 3473 34m 5275
‘Wiest Virginaa $0.056 36.34 443 na

i $0.058 $5.35 3450 32.38
Wyoming 50,053 33.03 5475 5229
U.5. Average 50.074 $5.79 54.69 3314

Bource: ABHRAENEEMA Standard 3011990 User's Manual
U5, Green Building Council == =
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schedule must be used in both the baseline
and proposed simulations.
Caleulating LEED energy performance
is straightforward, but requires several
steps to accomplish. Only energy regu-
lated by ASHRAE/ESNA Srandard
90.1-1999 is considered in determining
the percent energy savings. The “regu-
lated energy components” include the
commonly thought-of systems for hear-
ing, cooling, auxilizries (pumps, fans,
etc.}, warer hearing and interior lighting
as well as those irems listed “other sys-
tems.”

Non-regulated components are limited
but include plug loads, process energy (in-
cluding special filtering requirements for
clean rooms, erc.), garage ventilation, ex-
terior lighting, clevators and any other
miscellaneous energy uses in the build-
ing for which the standard does not con-
tain requirements. The exclusion of non-
regulated loads requires that the results
of most whole-building simulation re-
pores need additional processing in order
w determine the percent energy savings
for LEED.

The percent savings should be calculated
as in Equation 1, where ECB' 15 the en-

ergy cost budger for the regulated energy
components, and DEC’ is the design en-

Equation 1: Enery Savings Calculation
ECB’ - DEC”

% ECB

= 100x

Equation 2: Energy Cost Budges Caleulation

ergy cost for the regulated components.
Dietermining ECB" and DEC’ requires a
small amount of manipulation. First, the
whole-building simulation is used ro pro-
duce economic reports thar show the 1o-
tal cost for clectricity, gas and possibly
other energy sources such as steam and
chilled water. These reports provide ECB
and DEC (no primes).

The next simulation report to be exam-
ined splits energy use by the regulated and
non-regulared energy uses, In DOEZ, for
example, this report is called the build-
ing energy performance summary or
BEPU report. Daca from this repore
would be used to determine ECB' and
DEC as described by Equation 2, This
is the approach specified by Standard
90.1-1999 so that process energy, plug
loads, elevators and all other non-regu-
lared energy components are identical for
both the ECB and the DEC.

The following example shows how the ECB
method works for a 100,000-square-foor
project. The design case uses a high perfor-
mance envelope, a VAV air system with
high-cfficiency, ground-coupled heac
pumps, and direct/indirect ambient light-
ing with task lamps. Using the ASHRAE
system map, the budger HVAC system type
is modeled as a warer source heat pump

_ . Regulated kWh  iwh Reguisted Thetms, . «Gas
ECB' = Baseline Towirwh  * Cost [$] + Baseline Total Therms Cost
Equation 3: Design Energy Cost Caloulation
" Regulated kWh  kiwh Regulated Therms
= = Pr et il
DEC’ = Proposed Towal k % cost [5]+Pr oposed Total The

Equation 4: Dsign Energy Cost with Renewable Contribution Calculation

DEC® =DEC'-REC’

s weEY MR EQ] 1D
Credit 1

[%] + Baseline

DOther
Energy 8l

* GD:; 1$] + Proposed E?t‘:‘gy [5]
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Table 5: Design Case Data

system type, constant volume fan conirol,
direct expansion cooling, and electric heat
pump and boiler hearing eype.
To desermine the Design Energy Cost, cre-
ate a design building energy simulation
model using DOEZ, TRANE Trace, Car-
rier E2011 or another hourly load and en-
ergy-modeling wel. The model paramerers
forall loads, including plug and process loads
and the expecred building eccupancy pro-
file and schedule, are adjusted o determine
cenrral system capacities and energy use by
system. Through parametric manipulation,
etficien-

Using 4 summary report of the modeled
building energy load per system (e.g, the
BEPU Report for HOE2}, separate regu-
lated loads from non-regulaced loads as
defined by ASHRAE. Non-regulated
loads are plug and direct process loads.
Regulated loads are HVAC, lighting and
service hot water loads.

Determine the design energy cost for in-
dividual fuels by then processing the regu-
lated loads’ fuel quantities and the unit
cost per fuel. The individual fuel DECs
are then totaled o establish the dx.sign

the designer increases comp
cies to exceed the referenced standard.

build: lated load energy cost. As
there is no onsite renewable energy in

Electric Energy Use
Energylype fivi] [10* Biu]
Lighting Electric 160,200 546,602 $11,200
Space Heating Matural gas 4,550 455,000 $3.223
Space Cooling Elactric 240,300 819,504 $16,800
Fana/Pumps. Electric 120,150 409,952 58400
Hol Water (1) Matural gas 1,750 175.000 $1.240
Hot Water (2) Matural gas 700 70,000 $496
Subtolal Regulated (DEC") 520,650 7.000 2476458 41,358
Nonregulated
Lighting Electric 80,100 273,301 $5,600
Space Heating Matural gas 4,000 400,000 $2,833
Space Cooling Electric 40,050 136,651 52,800
FansiPumps Electric 80,100 273,301 5,600
Hol Water Matural gas 1.000 100,000 $708
Subiolal Non-Regulated 200,250 5,000 1,183,253 $17 542
Total Building 720,900 12,000 3,659,711 558,900
Subtotal Regulated (DEC") 520,650 7,000 2 ATB,A58 541,358
Subtotal Renewable (REC) (65.641) (223.968) -54,589
DEC™ 2,252,480 $36,769

LS. Green Building Councll
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this example, this establishes the DEC”
for the design case. In cases where on-
site rencwable energy is generated, sub-
tract the equivalent cost from DEC as
shown in Equation 4. The simulaci

pacitics and energy use by system.

Minimum or prescriprive system compo-
nent efficiencies are entered to satisfy the
referenced standard and to meet EA Pre-

reports for the example are urilized to cre-
are Table 5.

The Energy Cost Budget is then calcu-
lated by modeling the baseline syseem that
the reference standard system map pre-
scribes into the simulation model.  In-
clude the exact same loads {including plug
and process loads) and an identical build-
ing occupancy profile and schedule o
accurarcly determine central system ca-

Table 6: Budget Case Dita

] 2. This simulation is perfe d
to establish the baseline minimum energy

performanee, or ECB.

Using a summary of the modeled build-
ing energy load per system (e.g., BEPU
Report for DOE2), separate regulared
loads from non-regulared loads as defined
by ASHRAE. Non-regulated loads are
plug and direct process loads, Regulared
loads are HVAC, lighting, and service hot
warer loads.

ss Wi me[eq| D
Credit 1

Energy Type Ene[:%;f é_:.:!e
Regulated
Lighting Electric 350,000 1,184,200 $35,000
Space Heating Natural gas 9,000 900,000 $5,850
Space Cooling Electric 250,000 B53,000 525,000
Fans/Pumps Electric 150,000 511,800 $15,000
Hot Water (1) Natural gas 4,500 450,000 §2,025
Hot Water (2) Natural gas 1,500 150,000 5075
Subtolal Regulated (ECB'} 750,000 15,000 4,059,000 $84,750
Nonregulated
Lighting Electric 80,100 - 273,301 £8,010
Space Heating Matural gas 4,000 400,000 $2,600
Space Coaling Electric 40,050 - 136,651 54,005
Fans/Pumps Electric 80,100 - 273.3M $8,010
Hat Water Matural gas 1,000 100,000 $650
Subtolal Non-Regulated 200,250 5,000 1,183,253 323,275
Total Building 950,250 20,000 5,242,253 $108,025
Subtotal Regulated (ECBY) 750,000 15,000 4,059,000 $84,750
ECB' 4,059,000 584,750

LEED-MNC Version 2.1 Reference Guide
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55 IWEHMRIEQ| 0|  The ECB for individual fucls is then de-  Resources

termined by processing the regulared

loads' fuel quantitics and the unitcostper  Web Sites

fuel. The individual fucl ECBs are then  pgg2

added together to establish the ECB' for

the baseline case. The results are shown ).

in Table 6. Acomprehensive energy analy

Finally, compare the two simulation re- ased to prediet hourly pcrform:mz af a
sules using Equation 2. In the example, building’s energy use and urility costs.
the resules are summarized in Table 7,  ENERGY STAR®

which is the formar required for LEED www.energystar.gov, (§88) 782-7937
documentation submital. If an existing

building renovation |nclud.esa new build- Ll .S.Tu En Wﬂnmmdinduﬂw
i i will be I by the U.S. Envi-

lng pmnr M—
tonmental Protection Agency and the
prorated (based on percentage of new ver- U.S. Department of Energy. The

sus existing square footage) during the % b
LEED certificati e program’s Web site offers energy manage-
certil LION MEVIEW., A ANAEEIEAYE] » . I I !, g §Dﬁ

tools for buildings, product proc

Table 7: LEED Energy Cost Budpet Compliance Table

Proposed Building Budget Building Proposed!

i It 1 3
Lighiting - Conditioned Electricity 401,942 183,981 1,074,780 346,703 46%
Lighting - Unconditionad Electricity 54,660 5466 119420 125m 46%
Space Heating Gas 455,000 1,365,000 900,000 4,320,000 51%
Space Coling Eleciricity B19.904 27330 B53.000 304,843 96%
Pumgs Elgelricity 40,995 7884 51,180 10,238 80%
Fans - Interior Ventilation Eleclricity 360,758 545,364 450,384 150,128 0%
Fans - Interior Exhaust Eleciricity B199 8,108 10,236 10,238 B0%
Service Water Heating Gas 245,000 81,667 600,000 214,288 1%

Energy & Cost C’ ECB' Use
Summary by Fus| i)
Eleciricity 1776458 $36.400 2,550,000 575,000 &% 40%
Natural Gas 700,600 4,958 1.500,000 58,750 4T% 51%
Dther Fossil Fuel - 50 - 50 = -
Sublotal Non-Renewable (DEC) 2ATEAGE 541,358 4,089,000 584,750
Subtotal Renewable (REC) (223,968) -§4,580 = 50 -
Tokal 2,252 480 538,760 4,059,000 $84,750

Percent Savings = 100 x (ECBE' § -DEC" $)/ECB' § = 56.6%

Credit 1 Points Awarded = 9

LS. Green Building Council
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guidelines and lists of Exgncy Stag-la-
beled products and buildings.

National Renewable Energy Program
(NREL) Energy-10
www.nrel.gov/buildingsfenergy 10, (303)
275-3000

ENERGY-I0 is an award-winning sofi-
ware tool for designing low-energy build-
ings. ENERGY- 10 integrazes daylighting,
passive salar heating, and low-energy cool-
ing strategies with energy-efficient shell
design and mechanical equipment. The
program is applicable to commercial and
residential buildings of 10,000 square feer
or less, Note, however, that while useful
for design, Energy-10 does not saristy the
requirements of Section 11 of ASHRAE/
TESNA 90.1-1999, and can not be used
for compliance with EA Credi 1.

U.S. Department of Energy’s Building
Energy Codes Program
www.eneTgycodes.gov

The Building Energy Codes program pro-
vides comprehensive resources for stares
and code users, including code compari-
sons, compliance software, news and the
Status of State Fnergy Codes darabase. The
darabase includes stare energy contaces,
code status, code history, DOE grants
awarded and construction dara.

U.S. Department of Energy Office of
Energy Efficiency and Renewable En-
ergy
www.eren.doe.gov/EE/buildings.heml,
(800} DOE-EREC.

This extensive Web site for energy effi-
ciency is linked to a number of DOE-
funded sites thae address buildings and
energy. OF particular interest is the tools
direcrory thar includes the Commercial
Buildings Energy C ption Tool for
estimaring end-use consumption in com-
mercizl buildings. The tool allows the
user to define a set of buildings by princi-
pal aceivity, size, vintage, region; climate
zone and fuels {(main heat, secondary hear,

cooling and warer heating), and to view
the resulting energy consumprion and
expenditure estimates in bular formar.

Print Media

ASHRAE Standard 90.1-1999 User’s
Manual, ASHRAE, 1999.

The new 90.1-1999 User’s Manual was
developed as a companion document o
the ASHRAE/TESNA Standard 90.1—
1999 (Energy Standard for Buildings Ex-
cept Low-Rise Residential Building
The User's Manual explains the new sean-
dard and includes sample calculations,
useful reference marerial, and informarion
on the intent and application of the stan-

dard,

The manual is abundantly illustrared and
contains numerous examples and tables
of reference data. The manual also in-
cludesa complete set of compliance: forms
and worksheets chat can be used w docu-
ment compliance with the standard, The
User's Manual is helpful to architects and
engineers who muse apply the standard
to the design of the buildings, plan ex-
aminers and field inspecrors who must
enforee the standard in areas where it is
adopted as code, and conrractors who
must construct buildings in compliance
with the standard. A compacr disc accom-
panies the User’s Manual and conrains the
EnvSed 4.0 Computer Program for per-
forming building envelope trade-offs plus
elecrronic versions of the compliance
forms found in the User's Manual.
IESNA Lighting Handbook (Ninth
Edition), [ESNA, 2000.

Mechanical and Electrical Systems for
Buildings, 4* Edition, by Benjamin
Srein and John 5. Reynolds, John Wiley
& Sons, 1992,

Sustainable Building Technical
Manual, Public Technology, Inc., 1996
(www.pti.org).
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Case Study
Donald Bren School of Environmental Science

and Management
Santa Barbara, California

The University of California at Sanca Barbaras Donald Bren
School of Envi ] Sei i Manag isa LEED™
Platinum Pilot Project and houses campus facilities including
research and teaching laboratories, and offices. To optimize en-
ergy petfe e, the building was designed to harvest natural
light and narural ventilation. High-efficiency building sysrems
that include pumps, chillers, boilers, a high-efficiency laboratory
ventilation system, and a chilled water loop were incorporated
into the building design. The building envelope was designed to
reduce high heat loads, Energy modeling of the building indi-
cates thar these measures result in energy savings of 23% when
compared with a Tide 24 baseline case.

Oy
Fartesh

Chnir
University of California at Sanla Barbara

Couttesy of Zimmes Gonsul Fasca

Gireen Building Council —
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Renewable Energy Credit 2.1
5%
1 point
Intent

Encourage and recognize increasing levels of on-site renewable energy selfsupply in
order to reduce environmental impacts associared with fossil fuel energy use.

Requirements

Supply at least 5% of the building's total energy use (as expressed as a fraction of

annual energy cost) through the use of op-site renewable energy syscems.

Submittals

O Provide the LEED Letrer Template, signed by the archirecr, owner or responsible
party, declaring char ar least 5% of the building's energy is provided by on-site
renewable energy. Include a narrative describing on-site renewable energy systems

installed in the building and caleulations demonstraring thar ar least 5% of rotl
energy costs are supplied by the renewable energy systemis).

s —  LEED-NCVersion 2.1 Reference Guide
151



ss | weZmr eq[ D

Credit 2.2 Renewable Energy
10%
1 point
in addition to
EA 2.1 Intent
Encourage and n:cugm?.c |r||:rcas|ng levels ufw|f-supp1) through renewable rechnolo-
gies to reduce | impacts iated wich fossil fucl energy use,
Requirements

Supply at least 10% of the building’s total energy use (as expressed as a fraction of
annual encrgy cost) through the use of on-site renewable energy systems.

Submittals

3 Provide the LEED Letter Templare, signed by the architect, owner or responsible
party, declaring thar ar least 10% of the building’s energy is provided by on-site
renewable energy. Include a narrative describing on-site renewable energy systems
installed-in the building and calculations demonstrating thar at least 10% of ol

energy coses are supplied by the ble energy (s).

LS. Green Building Council =
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Renewable Energy
20%

Intent

Encourage and recognize increasing levels of self-supply through renewable technolo-
gies to reduce environmental impacts associated with fossil fuel energy use.
Requirements

Supply ar lease 209 of the building's toral energy use {as expressed as a fraction of
annual energy cost) through the use of an-site renewable energy systems.

Submittals

I Provide the LEED Lewer Template, signed by the architect, owner or responsible
party, declaring that ar least 20% of the building’s energy is provided by on-sire
renewable energy. Inciudx: 4 narrative dualhmg on-site renewable energy systems

lled in the building and caleulation ing thar at least 20% of total
energy costs are supphod by the renewable energy syn:m(.\}

d standard

y of Refi ed d
ASHRAE/TESNA 90.1 — 1999: Encrgy Standard For Buildings Except Low-Risc
Residential
American Sociery of Heating, Refrigerating and Air-Conditioning Enginesrs
www.ashrae.org, (800) 527-4723
On-site renewable or site-recovered energy that might be used to capture EA Credic 2
is handled as a special case in the modeling process, If either renewable or recoversd

energy is produced ar the site, the ECB Method considers it free energy and it is not
included in the Design Energy Cost. See the Caleulation section for decails.

ss [weEYmr[eQ[iD]
Credit 2.3

1 point
in addition to
EA 2.1 and 2.2

LEED-NC Version 2.1 Reference Guide

153



ss WY mr[eQ] D
Credit 2

Credit Synergies
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Site Selection
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Reduced Sie
Disturhance

EA Prerequisite 1
Fundamental Building
Systems Commissioning
EA Credil 1
Optimize Energy
Performance

EA Prerequisite 2
Minimum Energy
Performance

EA Credit 3
Additsonal
Commisshoning
EA Credit 5
Measurement &
Verification

EC) Credit 8
Daylight & Views
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Green Building Concerns

Renewable energy can be generated on a
building site by using technologies thar
convert energy from the sun, wind and
biomass into usable energy. On-sire re-
newable encrgy is superior to conven-
tional energy sources such as coal, nuclear,
oil, narural gas and hydropower genera-
tion, because of its negligible transporta-
tion costs and impaces. In addition to
preventing environmental degradation,
on-site use of renewable power can im-
prove power reliability and reduce reliance
on the local power distriburion grid. In
the 1990s, renewable energy applications
were the fastest growing new sources of
energry. Opportunities for renewable en-
ergy vary by location and climate.

In 2000, the photovaltaic (PV) panel
market’s annual growth rate was 20%. PV
module production for terrestrial use has
increased 500-fold in the past 20 years,
Worldwide PV module shipments in
2002 exceeded 400 megawars (MW,
The United States now owns mare than
one-third of the global PV marker,

The United States is one of the wop five
wind power markes in the world, accord-
ing to the American Wind Energy Asso-
clation. The construction of large wind
farms in many states to satisfy regional
electricity requirements and the installa-
tion of micro-turbines for specific appli-
cations continue fo increase the ULS.
market share of wind power. The U5,
wind energy industry currendy has a
4,685 MW capacity and generates about
10 billion kilowart-hours of electricity
annually, equivalent to the annual elec-
rricity needs for one million average
American homes, but less than 1% of U5,
clectricity generation.

The market for small wind systems (< 100
kW) had an estimated growth of 35% in
1999, These small wind systems power
homes and small businesses such as farms
and ranches. The United Stares is also a

leading producer of small wind systems.
Four primary companies sell produces
both nationally and internationally.
Biomass power is derived from organic
matter such as waste wood and grasses,
The U.S. Department of Energy (DOE)
estimates that biomass power is the larg-
est source of non-hydroelectric renewable
energy in the world, with an estimared
14,000 MW of annual worldwide in-
stalled generation capacity. With more
than 7,000 MW of installed capaciry, the
United States is the largest single “bio-
power” generator, representing a $15 bil-
lion investment and 66,000 jobs. The 37
billion k'Wh of electricity produced each
year from biomass is more than the en-
tire stare of Colorado uses annually. Gen-
erating this amount of electricity requires
around 60 million tons of biomass per
year. The Elecrric Power Rescarch Insa-
rure (EPRI) has estimated thar biomass
combustion facilities could sarisfy 5% of
the total U.S. power market for electric-
ity while increasing overall farm income
by 812 hillion annually.

Conuinued need for on-site indusrrial
power, waste reduction, more stringent
environmental regulations, and rising
e d 1 for ble energy
will provide the main impetus for the
indusery’s growth.

Environmental Issues

Use of renewable energy reduces environ-
mental impacts associated with utility
encrgy production and use. These im-
pacts include natural resource destruction,
air pollution and water pollution. Utili-
zarion of bi can divert an esti 4
350 million rons of woody construction,
demolition, and land-clearing waste from
landfills each year. Conversely, air pollu-
tion will oecur doe o incomplete com-
bustion if these wastes are not processed
properly.




Economic Issues

Use of on-site renewable energy technolo-
gies can result in energy cost savings, par-
ticularly if peak hour demand charges are
high. Utility rebates are ofien available
o reduce first costs of ble energy

Community Issues

encrgy has ad ic impace
on outdoor environmental quality, Re-
ductions in air and water pollution are
bcm:ﬁc-:] w all community members.

equipment, In some states, first costs can
be offset by ner metering, where excess
electricity is sold back o the uriliry.

The combined efforts of industry and the
DOE reduced PV syseem costs by more
than 75% from 1982 1o 2000. The cost
of PV systems with capaciries greater than
1 kW is measured in “levelized” coses per
KWh. Inother words, the costs are spread
out over the system lifetime and divided
by k'Wh output. The levelized cost for
these systems is currendly estimared at
$0.25 to $0.50 per kWh. Systems thar
do not require storage batteries can have
significantly lower costs. PV systems are
usually cost-effective for customers lo-
cared farther than one-quarzer mile from
the nearest utility line. With Building-
Integrated Photovoleaics (BIPVs), the
costs should also include the marginal
savings on the replaced elements of the
building such as raofing or cladding. The
reliability and lifedime of PV syscems are
also improving, Manufacturers rypically
guarantee their PV systems for up to 20
years,

According to the American Wind Energy
Association, the levelized cost for com-
mercial wind energy generation is $0.04
to 30.06 per kKWh, or $0.033 1o $0.053
if ehe federal production tax eredit is fac-

tored in.

Table 1: Renewablis Sysiem Trends

Current Size

Range

kit

Wind Turbine up to 3,000
Salar Cell up b 1,000
Biomass up ta 5,000

ble energy has a positive impact
on rural communities. Economic devel-
opment in these communities can be en-
hanced by siting and operating wind
farms and biomass conversion facilicies.
Wind Powering America is an initiative
by the DOE to dramatically increase the
use of wind energy in the United Srares,
Rural wind generation is providing new
sources of income for American farmers,
Native Americans, and other rural land-
awners while meeting the growing de-
mand for clean sources of electricity.
However, care must be taken to minimize
undesitable noise from wind farms and
suboptimal combustion at biomass con-
version facilities.

Design Approach
Strategies
Design and specily the use of an-sive non-
lluting renewable logies to con-
e ioaht Bal energy requirements
of the project. Consider and employ
high-temperature solar, geothermal, wind,
biomass (other than unsustainably har-
vested wood) and bio-gas technologies.
See Table 1 for system trends. Note thar
passive solar, solar hot warer heating,
ground-source heat pumps and
daylighting do not qualify for poinrs un-
der this eredir because they do nor gener-

Current Mass Production
Cost Cost

|8k L]

5800 to 51000 2500
55,000 to 510,000 §1,000 to §3,000
32,000 1o $2,500 §1.000

‘Sourons: S of e Wand F000 (WG

55 |WE

MR[EQ[ID

Credit 2
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ate power. These strategies are recognized
under EA Credit 1.

Make use of net merering by contacting
local urilities or electric service providers
(ESPs). Net metering is a metering and
billing arrangement that allows on-siee
generators to send excess electricity flows
to the regional power grid.
wricity flows offser a portion of the elec-
wricity flows drawn from the gnd For

These elec-

o full system integration based on a busi-
ness serategy for commercialization,

Pt leaics (V) are comp marte-

rials thar convert sunlight directly into
electrical power. In the past, these mate-
rials were assembled into PV panels thar
required a structure to arient them o the
sun. In tecent years, the efficiency of the
cells has increased and the cost has
| .mamuhn ilding-1

more inf on net
dividual scares, visit the DOE's Green
Power  Nerwork Web
www.eere.energy.gov/greenpower/
netmerering,

g in in-

site  at

Technologies

Biomass is plant marerial such as tees,
grasses and crops, To generare elecrricity,
biomass is converted eo hear energy in a
boiler or gasifier, The heat is converted to
mechanical energy in a steam turbine, gas
turbine or an internal combustion engine,
and the mechanical device drives a gen-
erator that produces elecrricity. Currene
biomass rechnelogy produces heat in a
direct-fired configuration. Biomass gas-
ifiers are also under development and are
being introduced w the markeplace.

The most economical and sustainable bio-
masses are residue materials from regional
industrial processes, Example materials
include organic by-products of food, fi-
ber and forest production such as sawdust,
rice husks and bark. In urban areas, pal-
lets and clean woody yard waste may be
available. There also may be a steady sup-
ply of wood fiber from local wasee collec-
tion of construction, demolition and
land-clearing (CDL) debris. The cost to
generate elecrricity from biomass varies
depending on the type of technology
used, the size of the pawer plant, and the
cost of the biomass fucl supply.

The DOE’s Small Modular Bioenergy
Initiative is developing small, efficient and
clean bio-power systems. Feasibility stud-
ies and protorype demonsteations will lead

Pl s (BIPVs) are now in pmduc-
tion. BIPVs are increasingly incorporared
into building elements such as the roof,
cladding or window systems.

PV generate direce current (DC) electric-
iy, which generally must be converred to
aleernating current (AC) before it can be
used in mainstream building syscems.
The conversion process requires elecrronic
devices berween the PV module and elec-
mically powered appliances. Boch dis-
persed and central converter schemes are
possible, The conversion process also af-
fords net metering, where power is put
back into the urility grid when the local
demand is less than the capacity of the
PV array. As shown in Table 2, PV sys-
tems are rapidly becoming cost-effective.
Spar elecrricity costs in the summer
months of 2000 exceeded the cost of PV
power by a factor of four at some loca-
tions in the United States.

Wind Energy systems convert wind into
elecericity. Wind energy installarions are
becoming increasingly popular as corpo-
rare power users and ueilities realize the
elecemcity supply, peak shaving, and net
metering benefits of clean, low-cost, reli-
able wind energy.

Recent innovations include a larger retor
diameter using advanced airfoils and trail-
ing-edge flaps for over-speed control. In
the future, more advanced wind turbines
incorporating the latest marerials and
mechanical technologies will be intro-
duced to the marketplace. One example
of advances in the wind turbine industry



Table 2: Photowaliaie Economic Trends

Photovoltaic Data 1991
Electricity Prica [¢/kWh] 40-75
Module Efficiency [%] 5-14
System Cost [$W] 10-20
System Lifefime [years] 5-10
U.S. Cumulative Sales [MW] 75

1995 2000 2010 - 2030
25-50 12-20 <6
7-17 10-20 15-25
7-15 3-7 1-1.50
10-20 =20 >30
175 400 - 600 10,000

Credit 2

‘Source: U 5. Department of Enengy Photovoliaics Frogram

is the develop of a vertical-axis wind
rurbine which relies on simplicity of de-
sign and advanced blade configuration 1o
create a potentially low-cost, efficient
power system,

Synergies and Trade-Offs

Renewable energy equipment typically
impacts the project site. Some project

sites are more compatible with

first page of this credit. The fraction of
energy cost supplied by the renewable
energy features is calculated against the
DEC determined in FA Credit 1. An
energy simulation of the base project is
required to caprure the Renewable Energy
Credic. The quantity of energy generated
on-site may be estimared ourside of the
simulation tool.

strategies than others, The magnitude of
the impacr of renewable energy genera-
tion equipment is usually small. Renew-
able energy equipment will impact energy
perfun:nanue ofthe bmlclmg and requires

g and & veri-
fication attention. Building-integrared
PV systems should be integrated with
daylighting straregies.

Geothermal energy is elecricity generared
from steam or hot water thar is released
from the Earth, and is caprured by siz-
able power plants rather than small on-
site systems, This is not w be confused
with geothermal hear exchange, which is
an energy-efficient heating and cooling
strategy, the benefits of which are appli-
cable to EA Credic 1 {Oprimize Energy
Perrormance] Electricity generated from

h | sources is applicable o EA
Crodn. 6 (Green Power).
Calculations
n]e foll u[fulﬂﬂm thodol,

supports the subrrurm]s as listed on (ht

The following ple illustrates how to
calculate the renewable energy credit
achievement levels. Performance of the
renewable source may be predicred using
a bin type calcalation. This requires the
applicant to account for the contribution
of variables associared with the renewable
source, For example, a BIPV design
would include the effects of sunny, cloudy
and overcast condirions, the orientation
and artitude of the array, and system
losses. Table 3 shows the calculation for

Table 3: Henewable Enerpy Calculation

BIPV system design

Mumber of stories. 5
Length of south lacade 525LF
Depth of awning 2LF
Gross area of awning 5,250 SF
Shading effects B5%
Met area of awning = 4,483 5F
PV capacity 5.5 wisF
Awning peak capacity 25 kW

Average daily cutput 4,03 KWh/100 SF
Average annual output 65,841 kWh

LEED-NC Version 2.1 Reference Guide
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Equation 1: Renewable Energy Calculation
REC’

R ble Eni =100 %x——
% Renewable Energy OOKDEC"'

LS. Green Building Cauneil
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a BIPV array installed an the same build-
ing used in the example caloulations for
EA Credic 1.

Onee the amount of energy generated by
the renewable system is caleulared, an en-
ergy cost must be compured to establish the
LEED level of achievemenr. The dollar
value of the renewable energy must be de-
rived from the simulation results of the en-
ergy model by determining a “virwal” en-
ergy rate for the renewable system.

As in the Caleulations section of EA
Credir 1, there are three options to com-
pute the project energy costs, from which
the “virtal” rave is derived. First, the
LEED Energy Modeling Protocol (EMP)
allows the use of a rate schedule available
for the project location from local uility
companics. The sccond option is 1o com-
pute the energy cost using a proposed en-
ergy rate schedule, preferably approved
by the local ASHRAE/IESNA 90.1-1999
adopting authority.
these approved rates, a third aption is to
follow the rares as shown in Table 4. This
table is based on Table 11-K from
ASHRAE/IESNA 920.1-1999 User's
Manual, and the data published periadi-
cally in the document DOE/EIA-0380
(2000/03).

The value of the on-site production of en-
ergy is a simplified caleularion. To assign a
dollar value 1o the on-site energy, derermine
the “virtual” energy rate by dividing the to-
tal energy cost (regulared and unregulared)
by the total energy use. Mulaply the pre-
dicred on-site energy produced by the “vir-
wwial rate” for the value of this type of en-
ergy. Table 5 shows the calulation for the
renewable energy “virtual” rate of electric-
ity and gas used by the smple building
deseribed in Credic 1.

In the absence of

When calculating the total energy cost us-
ing the LEEDY EMP, the contribution of
any on-site renewable or recovered energy
is accounted for by deducting the “vir-
wal” utility costs.  In other words, the
Renewable Energy Cost (REC') is de-
ducred from the DEC’, as the ECB
method is based on energy that crosses
the property line. This net regulated en-
ergy cost is designated as the DEC” in
the caleulation method. The DEC” is
used as the denominator of the achieve-
ment calculation, which in mrm increases
the percent improvement over the refer-
ence standard (see Equation 1),

In the example, the project described in
EA Credit | is modified w include BIT'Vs
as part of the design. The energy-modcl-
ing simulation is not changed for this
credit. A bin analysis is used o predict
thar 65,000 kWh are generared and fed
into the grid through ner merering. To
calculate the value of this energy, a vir-
tual rate is established from the existing
simulation and then used o determine
the dollar value used in the LEED sav-
ings calculation. Table 6 shows how o
incorporate the renewable energy cost into

the caleularions.

The example also shows how the renew-
able energy can change the overall encrgy
savings calaulation used to derermine the
points achieved in Credit 1 (Optimize
Energy Performance). Compare Table 7
with Table 6 of Credit 1. Nore that the
Energy Cost Budget (ECB) is the same
in both examples. There are no default
values for renewable energy, so there is no
change to the ECB.

The total percent reduction in energy use
changes, however. This is because Credit
1 is based on grid energy that crosses the



Table 4: Commescial Sector Average Energy Costs by State

Natural G

Alabama
Alagka
Arizona
Arkansas
Calfomia

No. & Fuel Oil

Colorade
Connechicul
Delaware

District of Calumbxa
Florida

Geargia
Hawaii
Idaho
Winois
Indiane___

fowa
Kansas
Kentucky
Louisiana
Maine

Maryland
Massachusetls

Credit 2

North Caralina 0,063 §7.00
North Dakota 30 058 8435

s4.z2r
§4.30

28
§2.38

Ohio 50076 $6.23
Oklahoma 50.053 H5.0
Oregon $0.061 5463
Pennyhania $0.082 §7.35
Rhoda Island 0,009 $8.21

$4.30
428
5454
s482
65,49

$2.69
$2.37
Jam
3280
S3.00

Soulh Carolna $0 063 56,74
South Dakola S0065 un
Tunnessee 50,064 $6.11
Toxas S0.067 40
Utah S0.057 $3.02

$4.32
$4.26
.34
.16
.9

272
5236
5240
5246
§1.86

Wermaont 50104 $5.18
Virginia S0.057 $6.45
Washinglon 50,048 $4.73
West Virginia $0.056 5634
‘Wisconsin 50.059 $5.35

$522
Fa48
Lo R
$443
34.59

$2.90
s268
8275

nia
5238

Wyoming S0.053 §3.93

$4.75
$4.69

§229
§3.14

U.S. Average 50.074 $5.79
Source: T
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Table 5: Renewable Energy Rate Calculation

Utility Rato Resource Energy Use Energy Cost
E -18 -Office Electricity 540,675 kWh 5 37,500
E-19-Ril Electricity 180,225 kiWh $§ 12600
720,900 kWh $ 50,400
Virtual Electricity Rate 5 0.07 fkWh
G = NR1- Office Natural Gas 12,000 CCF $ 8,500
G-NR1- Rl Matural Gas - $ -
12,000 CCF $ 8,500
Virtual Natural Gas Rate $0.71 ICCF

Table &: Froposed Case Post Processed Data

Energy Type

Lighting Electric 160,200 546,602 $11,200
Space Heating Matural gas 4,550 455,000 $3.223
Space Cooling Electric 240,300 819,904 $16,800
Fans/Pumps Electric 120,150 409,952 58,400
Hot Water (1} Matural gas 1,750 175,000 $1.240
Hot Water (2) Matural gas 700 70,000 $496
Subtotal Regulated (DEC") 520,650 7.000 2476458 541,358
Neonregulated! Process
Lighting Electric 80,100 273,30 55,600
Space Heating Natural gas 4,000 400,000 52,833
Space Cooling Electric 40,050 136.651 $2.800
FansiPumps Electric 80,100 27331 55.600
Hol Water Natural gas 1,000 100,000 sroe
Subtotal Non-Regulated 200,250 5,000 1,183,253 §17.542
Total Building 720,900 12,000 3,659,711 $58,900
Subtotal Regulated (DECT) 520,650 7.000 2476458 41,368
Subtotal Renewable (REC') (65,641} (223 968) -54,589
DEC” 2252489 536,769

U.5. Green Building Council
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property line. When part of the building
energy load is handled from an on-site
generation source, itis deducred from the
numerator in the caleulation. The final
LEED point tallies are shown in Table 7.

Table 7: LEED Energy Cost Budget Compliance Tahle

Energy Type

Regulated Energy

Summary by End Use

Lighting - Conditioned Eleciricity
Lighting - Uncondiioned Eleciricity
Space Heating Gas
Space Cooling Electricity
Purnps Electricity
Fans - Interior Ventilation Electricity
Fans - Interior Exhaust Electricity
Service Water Heating Gas

Energy & Cost

Summary by Foel

Resources

Web Sites

American Bioenergy
www.biomass.org, (202) 467-6540

An industry trade association dedicared
w developing the entire breadth of the

bioenergy indusery from power to fuels
to bio-based chemicals,

Proposed Building

Paak =0

[10° Biuj [107 Bty

451,942 163,981 1,074,780
54,660 5466 119,420
455,000 1,365,000 900,000
819,904 273,301 853,000
40,955 7.884 51,180
360,756 649,364 450,384
8,199 8,199 10,236
245,000 81,667 BO0,000
ECE’ Use ECB" Cost

55 ]WENMR EQ|ID

Credit 2

Budget Building

Peak

[10° 8]

DEC™ 'ECB'

Proposed!
Budget
Energy

%]
A6%
46%
51%
96%
B0%
80%
BO%
41%

Electncity 1,776,458 2,558,000
Natural Gas To0,000 $4,958 1,500,000 1%
Ciher Fossd Fuel - 30 = 50 -
Subtolal Non-Renawable (DEC) 2476458 $41.358 4,059,000 584,750
Sublotal Renewahle (RECT) 223,988) 34,580 - 50 -
Tolal 2,252,489 §36.769 4,058,000 584,750
Percent Savings = 100 x (ECB' $ -DEC" $)/ECB'§ = 56.6%
Credit 1 Points Awarded = 9
Percent Renewable = 100 x (REC' $)/DEC’ $ = 11.4%
Credit 2 Points Awarded = 2

————— LEED-NCVersion 2.1 Reference Guide
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American Wind Energy Association

(AWEA)
www.aweorg, (202) 383-2500

U.S. Dep of Energy’s National
Center for Photovaltaics (NCPV)

www.nrel govincpy, (800) DOE-EREC

A national trade assocharion rep I
wind-power plant developers, wind tar-
bine f; urilities, I
insurers, financiers, researchers and oth-
ers involved in the wind indusery.

Database of State Incentives for Renew-
able Energy (DSIRE)

wowwdes.nesu.edu/solar/dsivefdsire.cfm

This database was developed by the Nonth
Carolina Solar Center wo track available
informarion on stare financial and regu-
latory incentives {¢.g., tax credits, grants,
and special utility rates) that are designed
to promote the application of rencwable
energy technologies. DSIRE also offers
additional features such as preparing and
printing repores that detail the incentives
on a state-by-state basis.

Green Power Network
WWW.CEre. energy. govi greenpower
Provides news and information on green
power markets, utility pricing programs
for net metering, and more, The Web
site is mainrained by the Narional Renew-
able Energy Laboratory for the U.S, De-
partment of Energy

U.S. Department of Energy’s BioPower
Program
www.ecre.energy.gov/biopower, (800)
DOE-EREC

Includes information on the current state
of the biomass industry. OFf particular in-
terest is the page describing the Small
Modular BioPower Initiative. The initia-
tive is aimed at determining the feasibil-
ity of developing systems that are fuel-flex-
ible, efficient, simple to operate, and
whaose

will have

P
negative impacts on the environment.

The intended power range for these sys-
tems is from 3 kilowarts to 5 megawarts.

Provides clearing} information on all
aspects of PV systems.

ULS. Department of Energy’s Office of
Energy Efficiency and Renewable En-

ergy (EERE)

www.eere.energy.gov, (800) DOE-EREC
The EERE mission is to strengthen
America's energy security, environmental
quality and economic virality through
public-privace partnerships that enhance
energy efficiency and productivity; bring
clean, reliable and affordable energy rech-
nologies o the markerplace; and provide
relevant information and tools for busi-
nesses and individuals

ULS. Department of Energy’s Photovol-
taics Program
www.eere.energy.govipy, (800) DOE-
EREC

A DOE Web site with the mission of
making photovoltaics (PV} a significant
part of the domestic economy as an in-
dustry as well as an energy resource.
U.S. Department of Energy’s Wind En-
ergy Program
wwwi.eereenergy.goviwind

A DOE Web site with the mission of
making photovolaics (PV} a sigmficant
part of the domestic economy as an in-
dustry as well as an energy resource,
Print Media

Wind and Solar Power Systems, Mulaind
Parel. CRC Press, 1999,

Wind Energy Comes of Age, Paul Gipe,
John Wiley & Sons, 1995,



Case Study

Phillip Merrill Envi | Center Headquarters
Annapolis, Maryland

The Phillip Environmental Center is a LEED Version 1.0 Plari-
num Pilor Project that houses the Chesapeake Bay Foundarion's
headquarters. The project is located on 31 acres of diverse habi-
tar on the Chesapeake Bay and functions as an office building
and an education and waining facility. To harvest site energy
thin-film ph Irai hades and erystalline pho-
tovoltic skylights generate electricity and are integrated into the
d.i)llg'ltlng straregy- rh: elccmc:ry is used to power lighting and
office equif pplying an esti d 1% of the building's
total power requirements. In addicion, a selar domesric
watMerriller heating system is used to hear all hot water used in
the building, The building was also eng 1 to take ad
of many passive solar ami energy saving strategies to reduce ch:
toreal encrgy used.

ss weEmr[eq[ip
Credit 2

ey i U S Goewn Huilding o

Chwner

Chesapeake Bay Foundation
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Additional Commissioning Credit 3
Intent 1 point

Verify and ensure that the entire building is designed, constructed and calibrated o
operate as intended.

Requirements

In addirion ro the Fund | Building C. issioning prercquisite, impl or

have a contract in place ro implement the following additional o issioning rasks:
I A issioning authority independent of the design team shall conduct a

review of the design prior to the consrruction documents phase.

2. An independent commissioning authority shall conduer a review of the con-
struction documents near completion of the construction document develop-
ment and prior to issuing the contmact documents for construction.

3. Anindependent commissioning authority shall review the concracror submit-
aals relacive to systems being commissioned.

4. Provide the owner with a single manual that contains the information re-
quired for re-commissioning building systems.

5. Have a contract in place to review building Dp:nmurl with Q&M seaff, in-

cluding a plan for resolution of di ing-refared issues within
one year after construction completion :l.l(e
Submittals
O Provide the LEED I..cnch:mpJar: signed by the owner or mdcpend:m commis-
sioning agent(s) as approp confirming that the required additional commis-
sioning tasks have been successfully cm:uxcd or will be provided under existing
contract(s).

Summary of Referenced Standard
There is no standard referenced for this credir.

LEED-MNC Version 2.1 Reference Guide
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Credit 3

Credit Synergies |

55 Credit 4
Alternative
Transpesriation
55 Credit &
Light Pollution |
Reduction

WE Credit 1 |
Water Efficient
Landscaping |
WE Credit 2

Innovation Wastewates
Treatment

WE Credit 3

Water Use Reduction
EA Prevequisite 1
Fun(lmn\umal Building
Systerns Commissinning
EA Prerequisile 2
Minimum Energy
Performance

EA Credit 1

Oiptimize Energy
Perfarmance

EA Credit 2

Renewalile Energy

EA Credit 5
Measurement &
Verification

EQ Prevequisite 1
Minimum 1AGQ
Perlormance

EQ) Prerequisite 2
Environmental Tobacco
Smoke (ET5) Control

EQ Credit 1

Carbaan Dicoticke o)
Monitoeing

EQ Credil 2

Increase Ventilation
Effectiveness

EQ Credit 5

Indoor Chemical &
Pollutant Source Comrol
EQ Credit 6

Control lability of
Systoms

EQ Credit 7

Thermal Comios

EQ Credit &

Daylight & Views
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Green Building Concerns
The LEED c

Design Approach

(EA Prerequisite 1) esubijshes (he criti-
cal activities for verifying achievement of
the owner’s project requirements. The
Addinonal Commissioning credir en-
hances integration activities and provides
the awner with greater value for limited
additional investment. This credit focuses
on reviewing the building design and con-
struction documents to idenrify potential

EA Prerequisite 1 establishes the frame-
work of an effective commissioning pro-
gram. This Additional Commissioning
Credit ensures peer review through inde-
pendent, third-party verification. Tasks
1 through 3 of the credit requirements
muse be execured by a firm that is noton
Lhc dcstgn team {an mdep:ndcm Com-
Authority). This req

problems and areas for imp

carly, providing long-term documentarion
for optimization, and implementing a
CONTNUOUS iMProvement program.

Environmental Issues

The additional commissioning activiries
serve to further increase the building's
energy efficiency, thus reducing the envi-
ronmental effects of energy production
and use. Environmental effects include
natural resource depletion, air pollution
and water pollution.

Economic lssues

Fees for the additional commissioning
activiries are rypically a small investment
for high returns. See EA Prerequisive 1

for more discussion.

Community lssues

The © g process provides a
consistent means for the owner’s procure-
ment of high-quality buildings that op-

erate in accordance with the owner's

project requirements, including the oc-
cupants’ needs, Ultimately, the entire

nmmavn‘i’d conflicts Dqu:nsu and bias.
It is n:r_urnmx:m]r:d that the same inde-

i SR R
|[\"€l’ tasks 4 and 5, ahhough {elenos
quired.

The Commissioning Autharity is assigned
these addirional wsks:

1. Schematic Design Review. To receive
the maximum benefits of the commis-
sioning process, the independent Com-
missioning Authority must review the
design at the schemaric design phase. This
enables the Commissioning Authoricy to
verify that each commissioned feature or
system meets the owner’s requirements
relative to functionality, energy perfor-
mance, witer performance, maintainabil-
iy, sustainability, system cost, indoor en-
vironmental quality, and local environ-
mental impacts. Evidence of this design
review must be fully documented in a
WEILTEn Teport.

2. Construction Documents Review.
The independent Commissioning Au-
dmrlr_v must review the construction
1o ensure that commissioning

project team and ¢ ity benefi
when the building is operational the first
day of use through reducing occupant
complaints and allowing users and occu-
pants to enjoy a healthier and more pro-
ductive indoor enviranment that meets
their success erireria.

is adcqu.ucl) apcclr(.d and to verify that
each ioned system or bl
meets the owner's project requirements
relative to funcrionality, energy perfor-
mance, water performance, maintainabil-
iy, sustainability, system cost, indoor en-
vironmental quality and local environ-
mental impacrs, Fvidence of this con-
struction documents review must be fully
documented in a written report.




3. Focused Review of Submittals. The
(.Dmml;smmn.g Aulhunry Must review
the contractor’s

i ittals of

ciliy seafFand address the condirion of our-
mndmg issues relared 1o thcﬂwmrs project

55 |WE

MR|EQ | 1D

Credit 3

LI

commissioned systems and o

Also, the C
ok

verify that the feature being provided will
meet the owner’s projece requirements,
particularly as it relates to environmen-
tally responsive charactenistics.
4. Systems Manual. 1n addition w the
snnd.mi oommlsalonmg report, 4 Com-
ioni ity must develop an
indexed avsn.ms manual w be delivered
1o the owner with the commissioning re-
pore. Table 1 lises components of the
manual that must be organized into one
compilation, although some pares may
also be in the standard O8M manuals
provided by the general contracror. The
systems manual is preferably delivered as
both electronic and hardeopy documents.
5. Mear-Warranty End or Post-Occupancy
Review. The Commissioning Authority
must be under contrace to resurn to the site
10 months into the 12-manth wareanty pe-
nod. The Commissioning Authority must
review current building operation with fa-

Table 1: Kee g, Management Manual £

i iry must interview faciliny stafl w
identify problems or concerns they have in
operating the building as eriginally in-
tended. The Commissioning Authority
must provide suggestions for improvements
and recard these changes in the systems
manual. The Commissioning Authority
should idenufy problems that are covered
under warranty or under the onginal con-
stroction contract. Finally, the Commis-
sioning Authority must assist faciliey staff’
in developing reports, documents and re-
quests for services to remedy outstanding
problems.

Technologies

Commissioning is a process, not a tech-
nology that can be purchased. Use pro-
fessional contacts and refeerals w find lo-
cal experts who understnd the govern-
ing energy codes and the equipment tha
local contractors are likely 1o fur and
install. Several professional training and

accreditation programs have been devel-

Components of the Systems Manual

Final varsion of the owner's project requirements and basis of design

As-buill uf 1 Tor all

and i 1 lime-of-tay

iLas p desd by the design professionals

point [istings mlh rangas and initial setpoints

and schedul and detailed

Ongoing operaling instructions for all energy- and water-saving features and sirateqgies
Functional performance tests results (banchmarks), blank test forms, and recommendad

schedule for ongoing benchmarking
Seasonal operalional guidelines
for ion fr

v of sensors and actuators by type and use

Single ine diagrams of each commissioned system

Troubleshooting table for ongeing achievement of the owner's project requirements

of the owner's project requirements {operational

for
requirements) and basis of design (basis of operation)

LEED-MC Viersion 2.1 Reference Guide
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oped for the commissioning process.
While not required for LEED project cer-

tification, owners may benefit from en-

gaging a credentialed Commissioning
Authority.

Synergies and Trade-Offs

The commissioning process affects all sys-
tems and assemblies, both staric and dy-
namic. Site features on the project chat
require commissioning attention include
alternative fueling stanions and exterior
lighting fiures and systems. Water com-
missioning includes irrigation systems,

Case Study

Energy Resource Center
Downey, California

The Energy Resource Center isa LEED™ Certified Pilor Project
and serves as a scarc-of-the-art energy technology showcase and
educarional center. The ERC incorporares efficient lighting, cool-
ing and archirectural 1ech ics to exceed California’s Title 24
energy code by 38%. The project ceam institured a rigarous com-
missioning plan to ensure that the completed building operated
in accordance with the design intent. The Commissioning Au-

thority was charged with quality assurance and construction man-
agement of the mechanical system as well as funceional resting of
the mechanical system and lighring system. The commissioning
process identified 30 major issues that did not conform with the
design intent and would have adversely affected the comfort and
energy performance of the HVAC system. For example, major
reconfiguration of the second floar air distribution system was
required afer unacceprable losses in ducrwork were identified.
Finally, the building staff was trained to optimize energy-cffi-
cient operation over the lifetime of the building,

Green Building Council

plumbing fixtures and plumbing infra-
structure. Energy commissioning covers
HVAC sysrems, lighting and encrgy-gen-
eration equipment. Commissioning ac-
tivities that affect indoor environmental
quality include ventilation systems, moni-
toring equipment, occupant controls,
envelope integrity, material selection and
daylighting systems.

Resources

See EA Prerequisite 1 for Web and print

TESOUECES,

Counteny of Soutem Calibinia Cas Come
Chwrer |
Sourthern California Gas Company |
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Ozone Protection Credit 4
Intent 1 point
Reduce ozone depletion and support early compliance with the Montreal Protocol.

Requirements

Inseall base building level HVAC and refrigeration equiy and fire supy

systems thar do not contain HCFCs or Halans,

Submittals

O Provide the LEED Lerter Template, signed by the architeer or engineer, stating
that HVACSR systems as-built are free of HCFCs and Halons.

Summary of Referenced Standard
There is no standard referenced for this eredic.

- LEED-MC Version 2.1 Reference Guide
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Credit 4

Credit Synergies

EA Prerequisite 2
Minimem Enerpgy
Perfarmance

EA Prercoisite 3
CHC Reduction in
HVACER Equipment
EA Credin 1
Optimize Energy
Perlormance

MR Credit 1
Building Reuse

U5, Green Building Council
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Green Building Concerns

Hydrachlorofluorocarbons (HCFCs) are
one class of chemicals that can be substi-
ruted for CFCs in building systems. EA
Prerequisite 3 addresses phase-out of
CFCs through substitution of HCFCs
and other low oeone-depleting refriger-
ants. While HCFCs are more environ-
mentally friendly than CFCs, HCFCssill
have ozone depletion potential (ODF).
HCFCs commonly used in building re-
frigerant systems have QODPs r.mrlnp,
from 0.0 1o 0.1,
will be phased out in the United Seates
by 2030, HCFCs with the highest ODPs
will be phased out first, starging in 2003,

As a resule,

Economic Issues

The phase-out of CFCs over the past de-
cade has enabled the HVAC industry o
develop cost-effective alternatives. Many
owners are converting, to HCFCs as an
interim step.  HCFCs are scheduled o
be phased out by 2030. Therefore, many
owners may find it is cost-elfective wo fully
migrate to hydrofluorocarbon (HFC)-
based cquipment now, rather than wriliz-
ing HCFCs as an interim rechnology.
CFC- and HCFC-based equipment are
typically more energy-cflicient than cur-
rent HFC-based equipment. Manoulac-
rs are working diligently w close the
efficiency gap in HFC-hased systems.

t

Issues

Halons are vsed in fire suppression sys-
tems andd fire exringuishers, Halon pro-
duction has been banned in the United
Srates since 1994 duc o their high ODP
values.  Halons have parucularly high
ODPs because they contain bromine,
which is many times more effective ar
destroying ozone than chlorine. Halons
commonly used in buildings have ODPs
rangiog from 3 to 10, many times greater
than QD5 for CFCs and HCFCs.

While HC
dressed under this credir, their effects on
the environment are significanely differ-
ent. The environmental impacts of halons
are typically an order of magnitde or
greater than HOFCs, See Table 1 for

COMPAriSons,

and halons are both ad-

Environmental Issues

Similar to CFCs, elimination of HCFCy
and halons in building systems reduces
omne depletion.  Release of these sub-
stances 1o the atmosphere destroys straro-
spheric ozone molecules through a cana-
Iytic process. Reduction of sratospheric
ozone reduces the Earth’s namral shicld
for incoming uleraviolet radiation. CFCs,
HCFCs and halons also contribuge to glo-
bal climare change.

C ity
HCFC and halon use have a
pact. Continued release of HOFCs,
halons and other ozone-depleting sub-
stances has already started 1o cause in-
creased occurtences of certain human ill-
ness and mortality as well as widespread
damage o eoosystem vient of these
illnesses represcms liabilities for health
insurance companics.

obal im-

Design Approach

Strategies

Rescarch and specify all bulls]m;‘ systems
with e lepleting eq
Building systems to consider Jlll.ll]l]l.
HVAL, refrigeration, insulation, and fire
suppression systems.  Commaon substi-
tutes for HCFCs in HVAC and refrig-
cration systems are hydrofluorocarbons
(HFCs), While HFCs have substantially
lower ODDPs, they have higher global-
warming potentials (GWTPs). Thus, it is
important to study different porential
substitutes and choose the most appro-
priate substirute with the lowest environ-
mental impaces, See Table 1 for a list of
common refrigerants and their associated
environmental data,




To qualify for this credic, all building
equipment must be free of HCFCs and
halons before occupancy. For buildings
that use a central plant as the base build-
ing cooling system (such as university and
government buildings with centrally lo-
cated heating systems), all equipment in
the central planc must be HCFC- and
halon-free.

Consider the trade-offs among refriger-
anrs across a range of potential impacts
including worker safery, impacts on the

Table 1: Refrigerant Environmental Dara

Lifetime  ODP

Refrigerant

CFC-11 45 1 4,000
CFC-12 100 ] 8.500
CFC-13 840 1 170
CFC113 a5 1 5,000
CFC 114 300 1 9,300
CFC 115 1,700 1 8,500
Haion 1211 11 3 nia
Halen 1301 B5 10 5,600
Halon 2402 nia & nia
HCFC-22 12 006 1,700
HCFC-123 1 002 a3
HCFC-124 6 002 450
HCFC-141b 8§ on B30
HCFC-142b 18 007 2,000
HFC-32 58 ] 650
HFC-125 328 o 2800
HFC-134a 14.6 0 1300
HFC-143a 483 0 3800
HFC-152a 15 o 140
HFC-236fa 209 0 B.300
Sounce: EPA's Quoae Daglefon Wos St

ozone layer, energy efficiency and climate
change. These are addressed in the EPA's
Significant New Alrernatives Policy
(SMAP) Program, which has @ mandate
to idenrify alvernatives 1o ozone-depler-
ing substances and to publish lists of ac-
ceprable and unacceprable substitures.

Synergies and Trade-Offs

This eredic is intimarely tied wich EA Pre-
requisite 3 and also has impaces on en-
ergy performance on the building. 1fa
building is reused, equip ining
HCFCs and halons must be replaced.

Resources

Web Sites

U.S. Department of Energy Halon
Phase-Out Information

tis.ch.doe.gov/fire/guidance/
halon_phaseour.hml, (800) 473-4375

Provides interim criveria on the manage-
ment of the reduction and potenrial elimi-
nation of halon fire extinguishing systems
within the DOE.

Ozone-Depleting Substances

www.epa. goviozone/ods.hem|

Alisting of armospheric lifetimes, orone-
depleting patentials (ODPs), and global-
warming potentials (GWFs) for various
substances and CFC substitares under the
SNAP program (sec below).

U.5. Environmental Protection

Agency’s Ozone Depletion Web site
www.cpa.goviozone, (800) 296-1996

Pravides information abour the science of
ozone depletion, the regularory apy I

to prorecting the czone layer (including
phase-out schedules) and eon alternatives
to ozone-depleting substances.
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U.S. Environmental Protection
Agency’s Significant New Alternatives
Policy (SNAP)

www.epa.goviozone/snap, (800 296-1996

An EPA program to idenrify alternatives

1o ozone- -depleting substances, SNAP
ins up-to-date liscs of

tally friendly substitutes for refrigeration

and air-conditioning equipment, solvents,
1

fire suppression systems, ot
ings and other substances.

Print Media

Stratrpes for Managing Ozone-Deplet-

ing Refrigerants: Confronting the Future
by Katharine B. Miller et al., Bateelle
Press, 1995.

The HVAC/R Professional’s Field Guide
to Alternative Refrigerants by Richard
Jazwin, Bookmasters, 1995.

Definitions

Chlorofluerocarbons (CFCs) are hydro-
carbons that deplete the stratospheric
azone layer.

Halons are substances used in fire sup-
pression systems and fire extinguishers in
buildings, These substances deplete the
stratospheric ozone layer.
Hydrochlorofluerocarbons (HCFCs) are
refrigerants used in building equipment
that deplete the stratospheric ozone layer,
burt to a lesser extent than CFCs.
Hydrofluorocarbons (HFCs) are refrig-
erants that do not deplete the strato-
spheric ozone layer. However, some
HFCs have high global warming poren-
dal and, thus, are not envirenmentally
benign.



Measurement & Verification

Intent

Provide for the ongoing ac bility and optimization of building energy and water

consumption performance over nime.

Requirements

Install conti METering equip for the following end
o Lighting systems and controls

Constant and variable moror loads

Variable frequency drive (VED] operation

Chiller efficiency at variable loads (KW/won)

Cooling load

Air and water economizer and hear recovery cyeles

« & 8 0 8

Air distribucion static pressures and ventilation air volumes

Bailer efficiencies

o Building-related process energy systems and equipment
o Indoor warter risers and outdoor irrigation systenis

Dievelop a Measurement and Verili

ion plan thar incorparates the monitaring infor-
mation from the above end-uses and is consistent with Oprion B, C or D of the 2001

International Pesformance Me e Verification Protocol (IPMVP) Yolkeme I: Con-
cepts and Options for Determining Energy and Water Savings.
Submittals

- Provide the LEED Leerer Templare, signed by the licensed engineer or other
sponsible party, indicating that metering equipment has been installed for each
end-use and dedlaring the option o be followed wnder IPMVE version 2001,

 Provide a copy of the M&V plan following [PMVE 2001 version, including an
CXCCUIVE SUmmary.

T sonal Peck M and Verification Protocol Volume 1, 2001
Version

wWww.ipmyp.org

The [PMVT presents best practice techniques available for verifying savings produced
by energy- and water-efficiency projects. While the emphasis is on a methodology
geared toward performance contracting for retrofics, the protocol identilies the re-
quired steps for new building design in Section 6.0, Section 3.0 provides a general
approach, procedures and issues, while Section 4.0 provides guidance on rewofi projecrs.
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Credit 5

Credit Synergies

55 Credit 4
Alternative
Transpartation
55 Credit 8
Light Pollution
Reduction

WE Credit 1
Water Efficient
Landscaping
WE Credit 2

Innovation Wastewaler

| Teeatment

WE Credit 3

Water Use Reduction
EA Prerequisite 1
Fundamental Building
Systems Commissioning
EA Prerequisite 2
Minimum Energy
Perforimance

EA Credin 1

Optimize Energy
Performance

EA Credit 2
Renewalile Frergy
EA Credit 3
Ackliticnal
Crommissioning

| EQ Prerequisite 1

Minimum IACH
Performance

EQ Presequisite 2
Environmental Tobacce
Smoke (ETS) Control
EQ Credit 1

Carbun Diexicke (LE
Masnitoring

EQ) Credil 2

Increase Vientiladion
Effectiveness

EQ Credit 5

Inddoor Chemical &
Pollutant Source Contral
EQ Credit 6
Controllibility of
Systoms

EQ) Credit 7

Thermal Comfort

EC) Credit 8

Daylight & Views

U5, Green Building Council
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Green Building Concerns

The benefies of optimal building opera-
tion, especially in terms of energy and
water performance, are substantial, The
lifetime of many buildings is grearer than
50 years. Even minor energy and water
savings are significant when considered in
aggregate. These long-term benefies of-
ten go unrealized due o maintenance
personnel changes, aging of building
equipment, and changing urility rare
structures. Therefore, it is important to
institute measurement & verification
(M&V) procedures ro achieve and main-
win optimal performance over the life-
time of the building through continuous
monitoring, The goal of M&V activiries
is to provide building owners with the
tools and data necessary to identify sys-
tems that are not funcrioning as expected,
and to optimize building system perfor-

mance.

Environmental Issues

Measurement & verification of a
building's ongoing energy and water con-
sumption allows for optimizarion of re-
lated systems over the liferime of the
building, As a result, the cost and envi-
ronmental impacts associated with energy
and water use can be minimized.

Economic lssues

Building retrofits thar institure effective
M&V practices, such as Oprions B and
C oudined in the referenced standard,
experience energy savings that are on av-
erage 10% to 20% greater than buildings
retrofitted with licle or no M&V prac-
tices. It should be noted char M&V prac-
tices will predict performance improve-
ments achieved through Energy Conser-
vation Measures (ECMs) and commis-
sioning, and contribute 1o savings.

The added cost to institute a rigorous
M&V program for retrofitting buildings
with energy and water equipment is typi-
cally 1% 1o 5% of the total retrofit cost.

These additional first costs are generally
repaid within a few months of operation
due to energy and water utility savings as
well as reduced aperations and mainte-
nance costs. It is imporeant to remember
that the goal of this credit is o allow
building owners the ability to identify
problems and achieve improved system
performance.  Large amounts of money
can be spent on M&V systems that do
not accomplish this goal. Careful plan-
ning and implementation are always nec-
essary for a truly effeccive M&V system.

Communily lssues

The collateral benefits of energy and wa-
ter efficiency to the community are often
diffuse and difficult to quantify over time.
However, a healthy workforce and a
healthy ecosystem are both indicarors of
a long-term pattern of sustainable devel-
apment. Continuous measurement of
resource use ar individual projeces will
facilitate documentation and aggregation
af emissions reductions benefits and con-
tribute to providing benefits to the com-
munity over several generations, extend-
ing the resource base they enjoy and de-
pend upon.

Design Approach

The LEED Commissioning prerequisite
and credit provide quality assurance that
a project meets the design intent, ensur-
ing that it is functioning as intended ar
the beginning of occupancy. The LEED
Measurement & Verification ecredir pro-
vides an extension of this quality assur-
ance effore by ensuring thar the predicred
performance of the funcrioning building
is actually producing savings t the owner.
The referenced standard describes a meth-
odology to ensure thar the design team
consistently addresses the three basic as-
pects of cnergy and water conservation
performance:



1. Accurare cataloging of baseline condi-

fons.

project is dependent on project specifics
such as scope, level of owner ineerest in

ss weEmr[eq[ 1D

fimlet Credit 5
2. Verification of the complere installa- MécV, I““d coneractual relationships of
ton and proper operation of new equip- the design ream.
ment and systems specified in the con-  The firse technique, Option A, does not
tract documents. satisfy the requirements of the LEED
3. Confirmation of the quantity of en- h’l{&vm‘“‘: The remaining options (B,
ergy and water savings, as well as energy Cand D) sacisfy the LEED requirements
and water cost savings, that occur during when '_'“F'I‘mc"“_d ‘3“"‘_5‘“13’- Compli-
the period of analysis, ance with the credit requirements can be
y . ; d d through ing calcu-
“r'h": four hasic M&V options m,l"‘“ed larions, operational estimares, and urility
in Table 1. E‘?‘:h method P“"’"_l“ ? meter-billing analysis, or through more
reaer level olfngar than those PREVIOUS. rinrous staristical sampling, mercring and
The appropriate level for a particular monitoring, and compucer simulations.
Table 1: Moasuroment & Verification Options for New and Benovation Construction Projects
M&V LEED £ - %
Option  Compliant Option Description Savings Calculations Cost
A No Focuses on physical Engi ing lati Typically 1-5% of
of equipment changes to ensure using spot or short-term project construction
the i s ta ificati I cost, dep an
Key performance factors such as simulations, andlor number of
lighting wattage and chiller i data. paints.
efficiency are determined by spot
or short-term measurements and
operational factors.
B Yes Savings are determined Engineering j Typically 3-10% of
after project completion by using meterad data. project coanstruction
short-term or continuous cost, depandant on
measurements taken throughout number and type of
the term of the contract at the systems measured
device or system level. Both and the term of
performance and operations analysisimetering.
factors are monitored.
c Yes After project complation, ~Analysis of ullity  Typically 1-10% of
savings are defermined at meter (or submeter) data project construction
the “whale- bullding” or facility using technigues from cost, dependent on
lewel uzing current year and simple comparison to number and
histarical ulility meter (gas or multivariate {hourly or complexity of
electricity) or sub-meter data. monthy) regressi in
analysls. analysis.
o Yes Savings are determined Calibrated energy ~ Typically 3-10% of
through simulation of facility simulation and madeling; project construction
componants andfor the calibrated with hourly or cost, dependent on
whole facility. monthly utility bilking number and
data andior end-use complexity of
Systems

LEED-MC Version 2.1 Reference Guide
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Credit 5

All of the oprions in the referenced stan-
dard require the design ream 1o specify
i for installacion in the build-

U5, Green Building Council
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inlgsysmns o allow for comparison, man-
agement and optimization of actual ver-
sus estimated energy and warer perfor-
mance, The mechanical engineer in par-
ticular should mke advantage of the build-
ing autemarion systems o perform MaV
funcrions where applicable. Elements of
the M&V Plan that are required to com-
ply with the requirements of this credic
are listed in Table 2.

Retrofits
Use of Option B in retrofits is approy

to measure in-situ, baseline and post-instal-
lation periods. Periadic inspecrion of the
equipment is recommended. Energyfwa-
rer consumption is then caleulated by de-
veloping staristical models of the end use
capacity:
New buildings
MEV straregies for new buildings differ
fundamentally from recrofic projects because
performance baselines are hypothetical
rather than marerially existent. Therefore,
savings are not physically measurable or
verifiable. There are implications w the
MEV process related o the complexity of
and ies 10 be i {and

when the end use capacity, demand or
power level of the baseline can be measured
and the energylwater consumption of the

uipment or sul is o be d
post-installation over time. This option can
involve continuous measurement of energy/
water both before and afier the rerrofic for
the specific equipment, or it can be mea-
surements for a limited period of time nec-
cssary 1o determine the retrofic savings.
Portable monitoring equipment may be in-
stalled for a period of rime or continuously

verified. However, the basic steps in new
building M&V da not vary significandly in
concept from retrofir M8V,

Creating the M&V Plan

The steps to create a Measurement &
Verification Plan are as follows:

List all measures to be monitored and
verified. Creaze a summary of any whale-
building or system-specific energy or wa-
ter conservation measures that will be
implemented in the project. In most

Table 2: Memsurement & Verilication Plan Requirements

should be loyed.

1. IPMVP standard language and

oy

Siate which option and method from the document will be used.

© BN @ R e N

| e
= D

Indicate who will conduct the M&V.
State key assumptions aboul significant variables or unknowns.
Create an accurate baseline using techniques appropriate to the project.

. Describe the method of ensuring accurate enargy savings determination.

Define a post installation inspection plan.

. Specify criteria for equipment metering, calibration, measurement period.
. Define the level of accuracy to be achieved for all key components.

quality

. Describe the contents of reports to be prepared, along with a schedule.




cases, these will be presenced in other
LEED eredic documentarion and should
be referenced here.

Define the Baseline. Defining a new
building baseline is a two-part process.
First, develop and define a baseline case.

This baseline can  range from the stipula-
tion of specific baseli w©

level of precision for the process. Oprion
B is direcred ar end-use measures, and Op-
tion C add hole-building M&cV

ss [weE§mreQ D

Credit 5

hods. The relative bilicy of cach
approach is a function of:

e M&V objectives and requirements of
any related performance contracts.

specifying whole-building cDmp||arloc
with energy codes or standards.

Onee the baseline case has been estab-
lished, use compurer-aided analytical rools
to estimate the associated performance
baseline. It is sometimes appropriate to
“back-engineer” a baseline by deleting
specific ECMs or features from the en-
ergy-cfficient building. This approach can
be particularly useful for whole building
MEV by using Oprion C with computer
simulation methods. For retrofits, the
baseline is the existing systems in place
and this is a straightforward seep.

Besides defining the expected resource
usage quantity for the baseline case, in-
clude addirional assumptions relating o
energy and water unit coses, weather, uril-
ity distriburion, system schedule, occu-
pancy or other factors and their antici-
pared adjustment to the baseline,

Define the Green Building Design and
Projected Savings. The green approach
is refined chrough the building design
process and is the final outcome of the
process. Computer-aided tools are then
used o estimate performanee of the final
green design, which is subtracted from the
baseline performance to generate pro-
jected savings. Present the resource quan-
tiry and associated cost reductions to be

o MNumber of ECMs and the degree of

interaction with each other and with
other systems.

o Pracricality issues associated with
M&V of particular ECMs or whole-
building ECMs.

® Trends rowards holistic building de-
sign, which are guiding M&V re-
quirements towards Option C.

Prepare a Project-Specific M&V Plan.

Development of an effective and efficient

M&V plan for new buildings tends to be

mare invelved than retrofit projects since

performance strategies arc usually more
complex and the technical issues to ad-
dress are more challenging.

Technical analyses that are performed in
support of design decisions concerning
performance during the building design
process provide a srarting point in defin-
ing the M&V objectives and approach.
The key elements of energy analyses are
also usually key facrors in M&V. There-
fore, the energy analyses and projections
should be well documented and organized
with this in mind, M&V considerations
should influence certain design decisions
such as instrumentation and building sys-
tems organization. Identify any applicable
dara sources {e.g., urility bills, control sys-
tem points and trending periods, and

achicved on a hi ifi
basis. The estimarion process ahould also

include the identification and, if possible,
quantification of factors thar could affece
the perfarmance of both the baseline and
green design.

Define the General M&V Approach.

bl ing), the method of data
ml]mlon (including equipment calibra-
don req and other quality as-

surance practices), and the identity of
monitoring personnel,

Vit Toiscallation and Cocumissioning of
ECMs or Energy-Efficient Strategies.
Installation and proper of isverified

LEED requires Option B as a mini
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of the affected performance projections.

Determine Savings Under Actual Post-
Installation Conditions. Virally all per-
formance projections are predicated upon
certain assumprions regarding aperational
conditions (.., occupancy and weather).
This affects both the baseline and green
design esumations. Deviations from the
operational assumptions must be tracked
by an appropriate mechanism (e, site
survey or shore and/or long term meter-
ingl and rhe baseline and green projec-
tions modified accordingly to determine
acrual savings.

Describe any engineering calculac

s m EA mmm through site inspections as necessary com-  Synergies and Trade-Offs
Credit 5 bmed wnh review of reports such as com- 1 Kol sk
e dfluidfair estand bal- oy uqu:pmu\l that uses energy and water.
ance reports.  Any deviations should be g P oo G R
noted and addressed dhrough adj E i

iz stations, exterior light fixwures and
SyStems, (Tigalion systems, watet reuse sys-
tems and wastewater treatment facilities.
Inside the building, all plumbing fixoures
and elecrrical fixtures as well as HVAC sys-
rems are affecred. Measurement & verifi-
carion activiries are intimarely related o
commissioning activities and the two pro-
cesses should be coordinared.

Enercy Star™ Portfolio Manager is an-
other tool that can be used to track and
recognize ongoing performance of energy
systems. While the Exercy Stan racing
itsell does nor demonstrate compliance
with this credit, i it can be used as the basis
for a | and

andfor software tools thar will be used o
process the dara w demonstrate the sav-
ings achieved. This will include identifi-
cation of any stipulared variables or val-
ues to be used in the caleularions, as well
as baseline adjustment factors, regression
analysis {or other) tools to determine sig-
nificance and weighting of such factors.

Reevaluate at Appropriate Intervals.
Ongomg performance of ECMs crgrten

g strategies and the i
ings must be reevaluared and verified at
intervals and over a time frame appropri-
are o M&V and related performance
contmact requirements. This also allows
ongoing management and correction of
significant deviations from projected per-
formance.

d sav-

It is important to link contracror final pay-
ments to documented ME&V system per-
farmance, so require all documentation in
the final report. The contractor must also
provide an ongoing M8V system mainte-
nance and operating plan in the building

operations and maintenance manuals.

p
verification tool h}l portfolio building
owners, See the Extnoy Star Web sice at
www.energystar.gov for informartion.

Resources

Web Sites

Engrcy Stan

www.energystar.gov, (888) STAR-YES
EnerGy S1AR was introduced by the En-
vironmental Protection Agency in 1992
as a voluntary labeling program designed
o identify and promote energy-efficient
products and buildings, in order to re-
duce carbon dioxide emissions. EPA
parmered with the Department of En-
ergy in 1996 to promote the Exeray Stan
label, with each agency taking responsi-
bility for particular product caregories.
Exeriy Star has expanded to cover most
of the buildings sector.



International Performance Measure-
ment and Verification Protocol
www.ipmvp.org

The IPMVP presents internationally de-
veloped best practice techniques for veri-
fying results of energy efficiency, water ef-
ficiency and renewable energy projects in
commercial and industrial faciliries.
Measurement & Verification Docu-
ments

arcam.bl.govimy, (510) 486-5001

A list of M&V resources provided by
Lawrence Berkeley National Laboratory,
ranging from implementation guidelines
w0 hands-on checklists.

Case Study

Brengel Technology Center
milwaukee, Wisconsin

The Brengel Technology Center is a LEED™ Silver Pilor Project
thar showcases advanced building control technologies ro maxi-
nd indoor environmental qualiey. The
building is operated with an cnergy management system to re-
duce operating costs over the building lifeime. Electricity use is
monirored with smart metering that measures occupant and build-
ing system electricity use in real time with nine volmge merers,
Data is gathered and analyzed to identify energy

mize energy efficiency

Definition

Energy Conservation Measures (ECMs)
are installations of equipment or systems,
or modifications of equipment or systems,
for the purpose of reducing encrgy use
and/ar costs.

ilization im-

provements, to bargain for lower energy prices with the local uril-
iy, and to determine future load shaping measures, In addition,
two meters monitor steam use for heating, and two water meters
monitor occupants’ water use and water consumption of the cool-

ing towers.

58

Tty ot Zenmermen Do Cooufl

Owner
Johnson Controls, Inc.

Mr[EQ[1D
Credit 5
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Green Power

Intent

Encourage the development and use of grid-source, renewable energy technologies on
a ner zero pollution basis.

Requirements

Provide at least 50% of the building’s elecericity from renewable sources by engaging in
at least a two-year renewable encrpy contract, Renewable sources are as defined by the
Center for Resource Solurions (CRS) Green-c producrs certification requirements,

Submittals

'3 Provide the LEED Lerrer Tcmplar:. slgmd by the awner or other responsible party,
doc ing thar the suppli power is equal 1o 50% of the project’s

cnergy :unsump:mn and the sources meet the Green-¢ definirion of renewable
cnergy.

3 Provide a copy of the two-year eleceric utility purchase contract for power gener-
ared from renewable sources,

< Bai q i
ed

y o
Center for Resource Solutions’ Green-e Product Certification Requirements
www.green-e.org, (888} 634-7336

The Grten{ Program is a vclunmy cemﬁcn:mn and verification program for green

i d Thase praduc ing the Green—c logo are greener and cleaner
than the aw.'rage retail elecmnty product sold in that particular ncgmn To be eligible
for the Green-e logo, companies must meet certain threshold eriteria for cheir prod-
uets.. Criteria include qualified sources of renewable energy content such as solar elec-
tric, wind, geothermal, biomass and small or cerrified low-impact hydro facilitics; “new”
renewable energy content (to support new generation capacity); emissions eriteria for
the non-i mncwnbi: pomun of the energy product; absence of nuclear power; and other
criteria reg le portfolio standards and block products. Criteria are often
specific per state o region of the United States. Refer to the standard for more deails.

ss we[EYmr[eq[ 1D
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| Credit Synergies

55 Creafit 1
Site Sebection

Green Building Concerns

Energy production is a significant con-
tributar to air polludon in the United
Sates. Air pollutants released from en-
ergy production include sulfur diexide,
nitrogen oxide and carbon dioxide. These
pollutants are primary contributors 10
acid rain, smog and global warming, With
other associated pollutants, they have
widespread and adverse effects on human
health in general, especially on human
respiratory systems.  The Green-e Pro-
gram was established by the Cenrer for
Resource Solutions ro promete green clec-
wicity products and provide consumers
with a rigorons and nationally recognized
method toidentify green electricity prod-
ucts. These products reduce the air pol-
lution impaces of elecrricity generation by
relying on renewable energy sources such
as salar, warer, wind, biomass and peo-
thermal sources.

Environmental lssues

Gireen dlectricity products produce less air
pollution than conventional elecrricity
products, This reduces acid rin, smog, glo-
bal-warming potential, and human healch
probl liing, from ai i

In addition, the use of ccologieally respon-
sive energy sources avoids reliance on
nuelear power and large-scale hydropower.
Nuelear power continues w be controver-
sial clue wo security and environmental is-
sues related to waste reprocessing, tanspor-
ration and storage.  Detegulared energy
markets have enabled hydroelecrric genera-
o activities o market their electricity in
regions unaffecred by the regional impacts
that dams can have on endangered aquatic
species. While green electricity is not en-
tirely environmentally benign, it greatly less-
ens the environmental impacts of power
FENETAON.

Economic lssues
Current costs for green power products

are equal to or somewhat greater than

conventional energy products, However,
green power products are derived, in part,
from renewable energy sources with stable
energy costs, As the green power marker
matures and impacts on the environment
and human health are facrored into power
costs, green power products are expecred
1o be less expensive than  conventional
power products.

Communily lssues

Supplying conventional energy adds
heavy pressures to local ecosysrems and
reduces biodiversity. This directly affeces
the health of our communities. For ex-
ample, large damis redirect nanaral warer
Aows, damaging wildlife habirar and

somerimes displacing communities,

Biomass projects offer an opportunity o
strenpthen the power producer’s links
with the communiry it serves. This gen-
eration strategy productively us
sources such as forestry and agriculy

residue thar might otherwise req
landfilling, Bio-based power can also fos-
ter local economic growth and provide
jobes for those invalved in raising, harvess-
ing, transporting, and processing fuel
crops. When making any power deci-

sior

s prudent to consider local pol-
lution effeces.

Design Approach

Strategies

Caleulate the electricity needs for the
project. Use the electricity components
of the DEC” value (net use of grid elec-
ericity} from EA Credic 1. Research
power providers in the area and select a
provider that guarantees that a fraction
of its delivered electric power is derived
from net nonpolluting renewable tech-
nologies, IF the project is in an open
market state, investigate green power and
power marketers licensed to provide
power in that state,  Grid power that
qualifies for this credir originares from so-




lar, wind, geathermal, biomass or low-im-
pact hydro sources,

Green-e electricity is available in a grow-
ing number of American states. See the
Green-¢ Web site (www.green-e.org) for
up-to-date informarion on each state.

mestic and international. Ie conrains up-
to-date information on green power pro-
viders, product offerings, issues

ss [weEYme[eq[ 10|

Credit 6

and in-depeh analyses of issues and poli-
cies affecting green power markets. The
Web site is maintained by the National
R ble Energy Laboracary for the

Green power may be p i from a
Green-c certified power markerer or ac-
credited utiliey program, through Green-
¢ certified Tradable Renewable Cerifi-
cates or from a non-certified supply thac
is proven to meer the Green-e produce
requirements.

Synergies and Trade-Offs

The location of a project will determine
if green power is available. Where green

Department of Energy.
Green-¢ Program
www.green-g.org, (B88) 634-7356

See the Summary of Referenced Standard
for more informarion.

Union of Concerned Scientists
www.ucsusa.org/clean_energy

UCS is an independent nonprofic that
lyzes and advocates energy solutions

power is not available, tradable bl
energy certificates (TRCs) can be used.

Calculations

For the purpeses of this credit, the
building’s grid-supplicd electricity use is
defined as that which is used by the en-
ergy components regulared by ASHRAE/
IESNA Standard 90.1-1999 (see EA
Credit 1), less the amount supplied by
on-site renewable energy (see EA Credit
2). To achieve this credit, 50% of the
design electricity use (by kilowarr hours)
from the electricity grid must be supplied
by electriciry derived from rencwable en-
ergy, as defined by the Green-e produce
requirements. For example, 50% of elec-
wricity can come from a 100% renewable-
derived power product or 100% of elec-
ericity must be derived from a green
power source comprised of at least 50%
renewable energy. See the referenced stan-
dard for complete details.

Resources

Web Sites
Green Power Network
www.eere.encrgy.gov/greenpower

Provides news on green power markers
and wiility pricing programs—boch do-

that are ble both envi il
and economically, The site provides news
and information on rescarch and public
policy.

U.S. Environmental Protection Agency
{EPA) Green Power Partnership
Www.e P gov/ greenpower

EPA's Green Power Partnership is a new
voluntary program designed to reduce the
environmental impact of electricity gen-
eration by promoting renewable energy.
The Partnership will demonstrate the ad-
vantages of choosing renewable energy,
provide objective and current informa-
tion about the green power marker, and
reduce the rransaction costs of acquiring
gI'ECI'J power.
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