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Basic AgendaBasic Agenda

The Proposed ASHRAE Standard 189.1 for The Proposed ASHRAE Standard 189.1 for 
““HighHigh--Performance, Green BuildingsPerformance, Green Buildings””
-- Why have it?Why have it?
-- Why ASHRAE?Why ASHRAE?
-- Background,Background,

statusstatus
-- WhatWhat’’s in it?s in it?
-- Relationship to Relationship to 

other other StdsStds..
-- ‘‘Case StudyCase Study’’

examplesexamples
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ASHRAE Standards ProcessASHRAE Standards Process

Title, Purpose, Scope approved by Title, Purpose, Scope approved by 
Standards Committee and BoardStandards Committee and Board
Project Committee (SPC) formed after Project Committee (SPC) formed after 
invitation in invitation in ASHRAE Journal ASHRAE Journal and Web siteand Web site
SPC Chair approved by Standards SPC Chair approved by Standards 
Committee and Technology CouncilCommittee and Technology Council
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Standards Process Standards Process (Cont.)(Cont.)

Chair forms SPC; Goal is to achieve a Chair forms SPC; Goal is to achieve a 
balance among affected interestsbalance among affected interests
SPC develops draftSPC develops draft
Approved for Public Review and postedApproved for Public Review and posted
SPC responds to comments; negotiate SPC responds to comments; negotiate 
as necessaryas necessary
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Standards Process (Cont.)Standards Process (Cont.)

Revised and reissued for Public Review, as Revised and reissued for Public Review, as 
necessarynecessary

Approved for publication by Standards Approved for publication by Standards 
Committee, Technology Council, and BODCommittee, Technology Council, and BOD
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Standards Process Standards Process (Cont.)(Cont.)

AssuresAssures
-- Due ProcessDue Process

-- OpennessOpenness

-- Balance Balance (typically producers, users, others)(typically producers, users, others)

Consensus: More than a simple majority, Consensus: More than a simple majority, 
but not necessarily unanimitybut not necessarily unanimity

Attempt to write Standards in code Attempt to write Standards in code 
compliant languagecompliant language
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Continuous MaintenanceContinuous Maintenance

An addendum must be a recommended An addendum must be a recommended 
addition, modification, or deletion, not just addition, modification, or deletion, not just 
a commenta comment
Addenda may be proposed anytimeAddenda may be proposed anytime
Proposed addenda processed semiProposed addenda processed semi--annually annually 
and published every 18 monthsand published every 18 months
Addenda available for download at no cost Addenda available for download at no cost 
Standard as a whole updated every 3Standard as a whole updated every 3--5 5 
yearsyears

What Standard 189.1 is:What Standard 189.1 is:
-- a standarda standard

-- applies to all buildings except lowapplies to all buildings except low--rise residential rise residential 
buildings (same as ASHRAE Std 90.1)buildings (same as ASHRAE Std 90.1)

-- intended for adoption into model building codesintended for adoption into model building codes

What Standard 189.1 is not:What Standard 189.1 is not:
-- notnot a design guidea design guide
-- notnot a rating systema rating system

Even if not adopted by local authorities, 
this Standard is an indication of future trends

Standard 189.1: IntentStandard 189.1: Intent



Intended to be used in Intended to be used in 
conjunction with ASHRAE conjunction with ASHRAE 
Standards 90.1Standards 90.1--2007, 2007, 
62.162.1--2007 and 552007 and 55--20042004

Standard 189.1: IntentStandard 189.1: Intent
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Why is this Needed?Why is this Needed?

Localities are beginning to adopt Localities are beginning to adopt ““green green 
buildingbuilding”” as a requirementas a requirement
-- LEED certification (to some level)LEED certification (to some level)
-- Others are more vagueOthers are more vague

Intended to fill a gap in evolving building Intended to fill a gap in evolving building 
codescodes
ASHRAE partnership with USGBC, IESNA, ASHRAE partnership with USGBC, IESNA, 
and will be submitted for ANSI approval and will be submitted for ANSI approval 
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““The purpose of this standard is to provide The purpose of this standard is to provide 
minimum requirements for the minimum requirements for the sitingsiting, design, , design, 
and construction (including plans for and construction (including plans for 
operation)operation) of high performance, green buildings of high performance, green buildings 
to: to: 

(a)(a) balancebalance environmental responsibility, environmental responsibility, 
resource efficiency, occupant comfort and well resource efficiency, occupant comfort and well 
being, and community sensitivity, andbeing, and community sensitivity, and

(b)(b) support the goal of development that support the goal of development that 
meets the needs of the present without meets the needs of the present without 
compromisingcompromising the ability of future generations the ability of future generations 
to meet their own needs. to meet their own needs. ””

Section 2 Section 2 -- PurposePurpose
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Provides Provides minimum minimum criteria that:criteria that:
(a) Apply to (a) Apply to new buildings and major new buildings and major 
renovation projectsrenovation projects (new portions or new (new portions or new 
systems).systems).
(b) Addresses site sustainability, water and (b) Addresses site sustainability, water and 
energy efficiency, IEQ the buildingenergy efficiency, IEQ the building’’s impact on s impact on 
the atmosphere, materials and resources.the atmosphere, materials and resources.

Does not apply to:Does not apply to:
(a) single(a) single--family residential, multifamily residential, multi--family <3 family <3 
stories, manufactured houses (mobile or modular stories, manufactured houses (mobile or modular 
homes);homes);
(b) buildings that do not use electricity, fossil fuel (b) buildings that do not use electricity, fossil fuel 
or water.or water.

Section 2 Section 2 -- ScopeScope
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Goals for Standard 189.1Goals for Standard 189.1

Establish mandatory criteria in all topical Establish mandatory criteria in all topical 
areasareas::
-- one one ‘‘problemproblem’’ with existing rating systems is with existing rating systems is 

that they contain few mandatory provisionsthat they contain few mandatory provisions
-- avoids claims about a avoids claims about a ‘‘green buildinggreen building’’, but, but still still 
making making nono improvements in some areasimprovements in some areas
Provide simple compliance options:Provide simple compliance options:
-- another critique of existing rating systems is another critique of existing rating systems is 
thethe need for extensive calculations (e.g. energy)need for extensive calculations (e.g. energy)
ComplementComplement greengreen building rating building rating 
programs:programs:
-- Std 189.1 is Std 189.1 is notnot intended to compete with intended to compete with 

green building rating programsgreen building rating programs
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Sponsors and Project CommitteeSponsors and Project Committee

Consensus processConsensus process
Sponsor and coSponsor and co--sponsors:sponsors:

-- ASHRAE (American Society of Heating, ASHRAE (American Society of Heating, 
Refrigeration and Air Conditioning Engineers)Refrigeration and Air Conditioning Engineers)

-- USGBC (U.S. Green Building Council)USGBC (U.S. Green Building Council)
-- IESNA (Illuminating Engineering Society of IESNA (Illuminating Engineering Society of 

North AmericaNorth America

Project committee:Project committee:
22 voting members;22 voting members;
variety of disciplines, variety of disciplines, 
industries & organizationsindustries & organizations
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ChallengesChallenges

Using normative (code) languageUsing normative (code) language
Determining the stringency for a Determining the stringency for a 
““minimumminimum”” standardstandard
Identifying standards or regulations to cite Identifying standards or regulations to cite 
(could not reference guidelines)(could not reference guidelines)

Prescribing universal strategiesPrescribing universal strategies
(requirements for all, not a menu)(requirements for all, not a menu)

Coordination with other initiativesCoordination with other initiatives
Creating something that is enforceableCreating something that is enforceable
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Indirect Benefits of Establishing Baseline Indirect Benefits of Establishing Baseline 

More certainty for manufacturersMore certainty for manufacturers
-- Will develop and provide next generation Will develop and provide next generation 

products if a market is known to existproducts if a market is known to exist

Benefits to existing buildingsBenefits to existing buildings
-- Suppliers will stock better performing Suppliers will stock better performing 

products as they become availableproducts as they become available
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Potential Users of Std. 189.1Potential Users of Std. 189.1

Organizations with green building rating Organizations with green building rating 
systems (LEED, Green Building Initiative)systems (LEED, Green Building Initiative)
Developers:Developers: individual projectsindividual projects
Corporations:Corporations: corporate owned corporate owned 
Universities:Universities: campus buildings campus buildings 
States/provinces/municipalities:States/provinces/municipalities:
-- their own buildingstheir own buildings
-- basis for incentivesbasis for incentives
-- private construction, through reference in private construction, through reference in 

local codeslocal codes

1818

Why AHSRAE?Why AHSRAE?
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ASHRAEASHRAE’’s More Active Role in s More Active Role in 
Sustainable DesignSustainable Design

Sustainability PolicySustainability Policy

2020

For ConsiderationFor Consideration

1.1. What is ASHRAEWhat is ASHRAE’’s s ““control volumecontrol volume””??
2.2. What are barriers to What are barriers to ‘‘greengreen’’ building building 

getting further market acceptance?getting further market acceptance?

TC 2.8: TC 2.8: ““WhatWhat’’s s 
our scope of our scope of 
coverage?coverage?””
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ASHRAE ASHRAE Already isAlready is Broad BasedBroad Based

Technical Committees exist focusing on:Technical Committees exist focusing on:
-- Business, management, general legal (1.7)Business, management, general legal (1.7)
-- Electrical systems (1.9)Electrical systems (1.9)
-- Physiology and human environment (2.1)Physiology and human environment (2.1)
-- Global climate change (2.5)Global climate change (2.5)
-- Building environmental impacts and Building environmental impacts and 

sustainability (2.8)sustainability (2.8)
-- Building envelope (4.4)Building envelope (4.4)
-- Integrated building design (7.1)Integrated building design (7.1)

2222
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Progress and StatusProgress and Status
11stst Draft created: June 2006 Draft created: June 2006 –– April 2007April 2007
4545--Day public review period MayDay public review period May--July July ’’0707
-- 964 total comments received964 total comments received

189.1 committee met in Aug and Oct to 189.1 committee met in Aug and Oct to 
work through the comments work through the comments 
22ndnd public review schedulepublic review schedule
-- Feb. 22 Feb. 22 –– April 7, 2008: 2April 7, 2008: 2ndnd public reviewpublic review
-- May 2008 May 2008 –– committee review commentscommittee review comments
-- Late 2008 ASHRAE Standard and ANSI Late 2008 ASHRAE Standard and ANSI 

approval approval 
-- Early 2009 Early 2009 –– Formally issued??Formally issued??
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Organization and What it CoversOrganization and What it Covers

Similar to LEED and other ASHRAE standardsSimilar to LEED and other ASHRAE standards

MandatoryMandatory
PrescriptivePrescriptive
PerformancePerformance
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x.1: x.1: ScopeScope
x.2: x.2: ComplianceCompliance
x.3: x.3: Mandatory Mandatory 

(required for all projects)(required for all projects)
x.4: x.4: Prescriptive Prescriptive optionoption

(simple option, minimal choices, (simple option, minimal choices, 
very few calculations)very few calculations)

x.5: x.5: Performance Performance optionoption
(more sophisticated, flexibility, but (more sophisticated, flexibility, but 
more effort)more effort)

Standard 189.1 Basic StructureStandard 189.1 Basic Structure
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Highlights of Standard 189.1Highlights of Standard 189.1

Chapter 5 Chapter 5 -- Sites: Sites: 
Discourages unmitigated sprawlDiscourages unmitigated sprawl
Prohibited development activityProhibited development activity
-- Flood plains, wetlands, fish and wildlife Flood plains, wetlands, fish and wildlife 

habitathabitat

Other areas that are addressed:Other areas that are addressed:
-- Amount of impervious surface area Amount of impervious surface area [max of [max of 

60% of total site to be impervious]60% of total site to be impervious]
-- Urban heat island Urban heat island [shaded or higher solar [shaded or higher solar 

reflective index materials]reflective index materials]
-- Light Light ““pollutionpollution”” limitationslimitations
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Mandatory ProvisionsMandatory Provisions
Heat island effectHeat island effect
-- Site hardscape:Site hardscape:

to be shaded, be SRI to be shaded, be SRI 
29, or porous pavers29, or porous pavers

-- Wall:Wall:
to be shaded up to to be shaded up to 
20 feet above grade20 feet above grade

-- Roofs:Roofs:
to be SRI 78 (lowto be SRI 78 (low--slope)/29 (steepslope)/29 (steep--
slope) or cool roofslope) or cool roof

Sustainable SitesSustainable Sites
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Mandatory ProvisionsMandatory Provisions
Reduction of Reduction of 
light pollutionlight pollution
-- Outdoor lighting Outdoor lighting 

trespass:trespass:
limits on limits on 
horizontal and horizontal and 
vertical luxvertical lux

Sustainable SitesSustainable Sites
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Prescriptive/Performance OptionsPrescriptive/Performance Options
Site developmentSite development
-- All sites: All sites: 

Min. 40% of area Min. 40% of area 
to be effective to be effective 
pervious surface pervious surface 
(vegetation, green (vegetation, green 
roof, porous pavers)roof, porous pavers)

-- Greenfield sites:Greenfield sites:
Min. 20% of area Min. 20% of area 
native or adapted plantsnative or adapted plants

Sustainable SitesSustainable Sites

3030

Case Study and Points of EmphasisCase Study and Points of Emphasis
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Mandatory ProvisionsMandatory Provisions
Site water useSite water use: bio: bio--diverse plantings, diverse plantings, 
hydrozoning, & smart irrigation controllers hydrozoning, & smart irrigation controllers 

Chapter 6 Chapter 6 –– Water Use EfficiencyWater Use Efficiency
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Mandatory ProvisionsMandatory Provisions
Building water useBuilding water use: : 
plumbing fixtures & fittings, plumbing fixtures & fittings, 
appliances, HVAC systems & equipment, appliances, HVAC systems & equipment, 
generally 20% lower than U.S. EPAct criteria generally 20% lower than U.S. EPAct criteria 
(when possible)(when possible)
MeteringMetering: meters, : meters, 
meter data collection, meter data collection, 
data storage & retrieval data storage & retrieval 

Chapter 6 Chapter 6 –– Water Use EfficiencyWater Use Efficiency
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Chapter 6 Chapter 6 –– Water Use EfficiencyWater Use Efficiency

Exterior Exterior 
-- Minimize need through plant selectionMinimize need through plant selection
-- Smart (evapotranspiration) controllersSmart (evapotranspiration) controllers

Interior Interior –– Energy Star Energy Star and other standardsand other standards
No No ““once throughonce through”” cooling for HVACcooling for HVAC
5 cycles for cooling tower water5 cycles for cooling tower water (or (or 
specified minimum water concentration)specified minimum water concentration)
Metering Metering installed for monitoring during installed for monitoring during 
operationoperation
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Performance OptionPerformance Option
Site water use reductionSite water use reduction: : 
proposed potable water for irrigation proposed potable water for irrigation 
< 35% of baseline evapotranspiration < 35% of baseline evapotranspiration 
Building useBuilding use: : 

Proposed use < [mandatory+ prescriptive]Proposed use < [mandatory+ prescriptive]

Chapter 6 Chapter 6 –– Water Use EfficiencyWater Use Efficiency
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Example of ReuseExample of Reuse

Coverdell Veterinary Research building, Coverdell Veterinary Research building, 
UGA campusUGA campus Completed summer Completed summer 

2005, Cx summer, fall 2005, Cx summer, fall 
2005 along with initial 2005 along with initial 
occupancy, dedicated occupancy, dedicated 
by George Bush (Sr.) by George Bush (Sr.) 
spring 2006spring 2006

Georgia:        ~ 12.6 gal/cfm OA    
Sacramento: ~   1.3 gal/cfm OA
Moline:           ~  6.1 gal/cfm OA

Annual condensate collection
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Coverdell Water ConservationCoverdell Water Conservation

““InputsInputs””
Roof rainwater collectionRoof rainwater collection
AHU condensate collectionAHU condensate collection
Building perimeter sump water collectionBuilding perimeter sump water collection

““OutputsOutputs””
Toilet flushingToilet flushing
Cooling tower makeupCooling tower makeup

Condensate Water Collected
≈ 750,000 gallons per year
(not including rain, sumps)

Incremental additional cost
≈ $300,000 
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Treatment

3838

Water CollectionWater Collection
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Water StorageWater Storage

4040

Water (Water (Re)useRe)use
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IssuesIssues

Not so goodNot so good
Condensation on outside of downspout Condensation on outside of downspout 
pipespipes

GoodGood
Integrated well with Integrated well with 
‘‘normalnormal’’ city water supplycity water supply

4242

Case Study and Points of EmphasisCase Study and Points of Emphasis



Energy Energy –– Chapter 7Chapter 7
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Highlights for Energy (Chapter 7)Highlights for Energy (Chapter 7)

Energy Energy -- General: General: 
Goal is 30% less than Standard 90.1Goal is 30% less than Standard 90.1--2007 2007 
INCLUDING PROCESS LOADSINCLUDING PROCESS LOADS
Appendix G from Standard 90.1 is Appendix G from Standard 90.1 is 
incorporated as a incorporated as a Normative AppendixNormative Appendix
Metering for verificationMetering for verification
Peak load reductionPeak load reduction
Other areas increase stringency beyond Other areas increase stringency beyond 
Standard 90.1Standard 90.1
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ASHRAE Energy GoalsASHRAE Energy Goals

2010 2015 2020 2025 2030
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ASHRAE BOD Goal

Standard 90.1Standard 90.1

Standard 189  Standard 189  

AEDGAEDG

Energy Reduction Proposal
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Highlights for Energy (Chapter 7)Highlights for Energy (Chapter 7)

Mandatory Requirements:Mandatory Requirements:
-- ““Energy StarEnergy Star”” rated equipment and appliancesrated equipment and appliances
-- OnOn--site renewable power (site renewable power (§§7.3.2)7.3.2)

peak electrical generation peak electrical generation 
1% of service load1% of service load

-- Exception allowed is 100% Exception allowed is 100% 
solar hot water heating, solar hot water heating, OROR
by combined 10% improvementby combined 10% improvement
in energy and COin energy and CO2e2e
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Highlights for Energy (Chapter 7)Highlights for Energy (Chapter 7)

Energy Energy –– Mandatory continued: Mandatory continued: 
Communicating submeteringCommunicating submetering of key of key 
systems (criteria based on size) systems (criteria based on size) ((§§7.3.3)7.3.3)
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Prescriptive Option (General)Prescriptive Option (General)
Maximum size limits for Maximum size limits for 
individual dwelling units individual dwelling units 

Target is to comply with Target is to comply with 
ASHRAE/IESNA ASHRAE/IESNA 
Standard 90.1Standard 90.1--2007 plus2007 plus……30% savings30% savings

Highlights for Energy (Chapter 7)Highlights for Energy (Chapter 7)
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Prescriptive Option (Building Envelope)Prescriptive Option (Building Envelope)
Generally increased insulation required for Generally increased insulation required for 
roof elements, walls (adds continuous roof elements, walls (adds continuous reqreq’’tt))

More stringent SHGCMore stringent SHGC

Highlights for Energy (Chapter 7)Highlights for Energy (Chapter 7)

Example:Example:
Climate zone 3Climate zone 3 Std 90.1    Std 189.1Std 90.1    Std 189.1
Insulation above deck   RInsulation above deck   R--15   15   RR--2525

Example for 10Example for 10--40% window area:40% window area:
Climate zone 5Climate zone 5
Std. 90.1:  0.39 (0.49 north) Std. 90.1:  0.39 (0.49 north) 
Std. 189.1:     0.35 all orientationsStd. 189.1:     0.35 all orientations

((§§7.4.2 a)7.4.2 a)

5050

Climate ZonesClimate Zones
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Prescriptive Option (Building Envelope)Prescriptive Option (Building Envelope)
Vertical fenestration Vertical fenestration 
<40% wall area<40% wall area
((§§7.4.2 d)7.4.2 d)

Overhang: PF > 0.5Overhang: PF > 0.5

-- For west, east & southFor west, east & south
-- Climate zones 1Climate zones 1--5 5 ((§§7.4.2 e)7.4.2 e)

Highlights for Energy (Chapter 7)Highlights for Energy (Chapter 7)
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Prescriptive Option (Building Envelope)Prescriptive Option (Building Envelope)
SHGC MultipliersSHGC Multipliers
((§§7.4.2 f)7.4.2 f)

Highlights for Energy (Chapter 7)Highlights for Energy (Chapter 7)
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Prescriptive Option (Building Envelope)Prescriptive Option (Building Envelope)
Fenestration orientation and SHGCFenestration orientation and SHGC
((§§7.4.2 i)7.4.2 i)

Highlights for Energy (Chapter 7)Highlights for Energy (Chapter 7)
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§§7.4.3  HVAC (page 59)7.4.3  HVAC (page 59)

Comply with ASHRAE Standard 90.1 Comply with ASHRAE Standard 90.1 
(current version), with modifications for:(current version), with modifications for:
-- Higher minimum efficiency to eliminate air Higher minimum efficiency to eliminate air 

economizer requirement  economizer requirement  Table 7.4.3 Table 7.4.3 
-- §§7.4.3 (b) 7.4.3 (b) Minimum equipment efficiencyMinimum equipment efficiency

EPActEPAct baseline + higher renewables, baseline + higher renewables, 
peak reduction, orpeak reduction, or
Energy Star or values listed Tables CEnergy Star or values listed Tables C--1 to C1 to C--1515

-- §§7.4.3 (c) 7.4.3 (c) Eliminate lowEliminate low--rise or climate zone rise or climate zone 
11--3 exception3 exception

-- §§7.4.3 (d) 7.4.3 (d) Lowers DCV thresholdLowers DCV threshold
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§§7.4.3  HVAC (Cont7.4.3  HVAC (Cont’’d)d)

Standard 90.1 modifications:Standard 90.1 modifications:
-- §§7.4.3 (e) 7.4.3 (e) Duct sealing level A everywhereDuct sealing level A everywhere
-- §§7.4.3 (f) 7.4.3 (f) Expanded economizer requirementExpanded economizer requirement

eliminates cooling efficiency Exception (i),eliminates cooling efficiency Exception (i),
rooftop units < 5 tons with 2rooftop units < 5 tons with 2--stage coolingstage cooling

-- §§7.4.3 (h) 7.4.3 (h) Fan power limitation 10% lowerFan power limitation 10% lower
-- §§7.4.3 (i) 7.4.3 (i) Added partAdded part--load fan power limitsload fan power limits

Standard 90.1
- Included 3A and 4A
- Capacity > 65,000
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§§7.4.3  HVAC (Cont7.4.3  HVAC (Cont’’d)d)

Standard 90.1 modifications:Standard 90.1 modifications:
-- §§7.4.3 (j) 7.4.3 (j) Lowered pump power thresholdLowered pump power threshold
-- §§7.4.3 (k) 7.4.3 (k) Expand energy recovery based on Expand energy recovery based on 

climate zone and airflow, increased required climate zone and airflow, increased required 
efficiency to efficiency to 60%,60%, maintains 90.1 exceptionsmaintains 90.1 exceptions
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§§7.4.3  HVAC (Cont7.4.3  HVAC (Cont’’d)d)

Standard 90.1 modifications:Standard 90.1 modifications:
-- §§7.4.3 (l) 7.4.3 (l) Kitchen hoods add variable speed Kitchen hoods add variable speed 
-- §§7.4.3 (m and n) 7.4.3 (m and n) Minimum duct and pipe Minimum duct and pipe 

insulation increased (Tables Cinsulation increased (Tables C--16, 17 and 18)16, 17 and 18)
-- §§7.4.3 (o) 7.4.3 (o) Added pipe sizing/flow limitationAdded pipe sizing/flow limitation
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§§7.4.3  HVAC (Cont7.4.3  HVAC (Cont’’d)d)

Standard 90.1 modifications:Standard 90.1 modifications:
-- §§7.4.3 (p) 7.4.3 (p) Unoccupied hotel/motel guest Unoccupied hotel/motel guest 

rooms to have autorooms to have auto--shutoff with temperature shutoff with temperature 
setbacksetback

Access activatedAccess activated
Occupancy sensorOccupancy sensor
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Prescriptive Option ContinuedPrescriptive Option Continued
Only slight modifications for Service Water Only slight modifications for Service Water 
Heating Heating ((§§7.4.4)7.4.4)
§§7.4.57.4.5 PowerPower
-- Transformer efficiency requirements addedTransformer efficiency requirements added
-- Load factor / peak load reductionLoad factor / peak load reduction

Reduce peak capacity of the building Reduce peak capacity of the building 
through demandthrough demand--limiting or load limiting or load 
shifting measuresshifting measures

Highlights for Energy (Chapter 7)Highlights for Energy (Chapter 7)
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Prescriptive Option (Lighting)Prescriptive Option (Lighting)
Interior lighting power to be 10% less Interior lighting power to be 10% less 
than ASHRAE Standard 90.1 (except retail)than ASHRAE Standard 90.1 (except retail)
Occupancy sensor Occupancy sensor 
controls controls ((§§7.4.6 (b))7.4.6 (b))
page 66page 66
Egress lighting controlEgress lighting control
AutoAuto--controls for controls for 
daylight zones,daylight zones,
outdoor lightingoutdoor lighting

Highlights for Energy (Chapter 7)Highlights for Energy (Chapter 7)
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Highlights for Energy (Chapter 7)Highlights for Energy (Chapter 7)

Performance Based Option:Performance Based Option:
Demonstrated equivalent performance in Demonstrated equivalent performance in 
bothboth energyenergy and and COCO22 equivalentequivalent
compared to if using the Prescriptive pathcompared to if using the Prescriptive path

Proposed Proposed ≤≤ Mandatory +Mandatory +
Prescriptive PathPrescriptive Path

Using Appendix D Using Appendix D 
““Performance Option Performance Option 
for Energy Efficiencyfor Energy Efficiency””
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Energy Energy –– Environmental (Background)Environmental (Background)
Energy generation emissions factors per Energy generation emissions factors per 

kWh electricity consumedkWh electricity consumed

BUT, where does 
your power come 
from?
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Highlights for Energy (Chapter 7)Highlights for Energy (Chapter 7)

Performance Based Option:Performance Based Option:
COCO22 equivalentequivalent compared to if using the compared to if using the 
Prescriptive pathPrescriptive path
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Highlights for Energy (Chapter 7)Highlights for Energy (Chapter 7)

Performance Based Option:Performance Based Option:
§§7.5.47.5.4 Load Factor/Peak Electric DemandLoad Factor/Peak Electric Demand

Same or less peak electric demand as if Same or less peak electric demand as if 
following the prescriptive pathfollowing the prescriptive path
Minimum electrical load factor of 0.25Minimum electrical load factor of 0.25

6666

Lunch Break!Lunch Break!
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Indoor Environmental Quality (Ch 8)Indoor Environmental Quality (Ch 8)

Indoor Environmental Quality: Indoor Environmental Quality: 
Mandatory (page 73): Mandatory (page 73): 
-- 1.3 times Standard 62.11.3 times Standard 62.1--2004 outdoor 2004 outdoor 

airflow for offices and classrooms airflow for offices and classrooms 
(climate zone and other exceptions)(climate zone and other exceptions)
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Indoor Environmental Quality (Ch 8)Indoor Environmental Quality (Ch 8)

Indoor Environmental Quality: Indoor Environmental Quality: 
Mandatory: Mandatory: 

§§8.3.3 Outdoor Air Monitoring8.3.3 Outdoor Air Monitoring
-- COCO22 monitoring for systems serving monitoring for systems serving 

densely occupied spaces (lower densely occupied spaces (lower 
threshold for threshold for densely occupied densely occupied than than 
Std. 62.1Std. 62.1--2007) 2007) 
Table for action levelsTable for action levels

-- NonNon--densely occupied spaces monitor outdoor densely occupied spaces monitor outdoor 
airflow to airflow to ±±15% of min. outdoor airflow15% of min. outdoor airflow
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COCO22 Action LevelsAction Levels
per Person
cfm MET=1.0 MET=1.2 MET=1.5 MET=1.0 MET=1.2 MET=1.5
5 1,680           2,000           2,520           1,800           2,200           2,600           
6 1,400           1,667           2,100           1,500           1,800           2,200           
7 1,200           1,429           1,800           1,300           1,600           1,900           
8 1,050           1,250           1,575           1,200           1,400           1,700           
9 933              1,111           1,400           1,100           1,300           1,500           
10 840              1,000           1,260           1,000           1,100           1,400           
11 764              909              1,145           900              1,100           1,300           
12 700              833              1,050           800              1,000           1,200           
13 646              769              969              800              900              1,100           
14 600              714              900              700              900              1,000           
15 560              667              840              700              800              1,000           
16 525              625              788              700              800              900              
17 494              588              741              600              700              900              
18 467              556              700              600              700              800              
19 442              526              663              600              700              800              
20 420              500              630              600              700              800              
21 400              476              600              500              600              700              
22 382              455              573              500              600              700              
23 365              435              548              500              600              700              
24 350              417              525              500              600              700              
25 336              400              504              500              600              600              
26 or more 323              388              485              500              600              600              

Ventilation 
Δ Concentration (ppm) Δ Concentration (ppm)

Action LevelActual

7070

Mandatory:Mandatory:
Minimum MERV 8Minimum MERV 8
filtrationfiltration
Daylighting by Daylighting by 
toplighting for toplighting for 
large open spaceslarge open spaces

Indoor Environmental Quality (Ch 8)Indoor Environmental Quality (Ch 8)
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Indoor Environmental Quality (Ch 8)Indoor Environmental Quality (Ch 8)

Mandatory: Mandatory: 
Thermal ComfortThermal Comfort
-- Comply with Comply with 

ASHRAE Std 55ASHRAE Std 55

Mat systems at Mat systems at 
building entrancesbuilding entrances

7272

Prescriptive Option:Prescriptive Option:
Side daylighting for offices and Side daylighting for offices and 
classrooms, with shading requirementsclassrooms, with shading requirements
Low emitting materialsLow emitting materials
-- Adhesives and sealantsAdhesives and sealants
-- Paints and coatingsPaints and coatings
-- Floor covering materialsFloor covering materials
-- Composite wood and agrifiber productsComposite wood and agrifiber products

Office space shadingOffice space shading

Indoor Environmental Quality (Ch 8)Indoor Environmental Quality (Ch 8)
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Performance Option: Performance Option: 
Daylighting simulationDaylighting simulation
-- All regularly occupied spacesAll regularly occupied spaces
-- Minimum illuminance target: Minimum illuminance target: 

300 lux (30 fc) on work surfaces,300 lux (30 fc) on work surfaces,
4.5 m (15 ft) from fa4.5 m (15 ft) from faççade, noon equinoxade, noon equinox

-- Direct sunlight on workplane < 20% of Direct sunlight on workplane < 20% of 
occupied hours on equinox dayoccupied hours on equinox day

Modeling to show compliance with Modeling to show compliance with 
California CA/DHS/EHLB/RCalifornia CA/DHS/EHLB/R--7174 (low 7174 (low 
emitting materials)emitting materials)

Indoor Environmental Quality (Ch 8)Indoor Environmental Quality (Ch 8)

7474

Case Study and Points of EmphasisCase Study and Points of Emphasis
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Materials (Chapter 9)Materials (Chapter 9)
Mandatory:Mandatory:
-- CFC, other refrigerant restrictionsCFC, other refrigerant restrictions
-- Divert 50% of nonDivert 50% of non--hazardous hazardous 

construction waste, demolition debrisconstruction waste, demolition debris

Prescriptive Option:Prescriptive Option:
-- Minimum 10% recycled content (cost)Minimum 10% recycled content (cost)
-- Regionally Extracted, Processed, & Regionally Extracted, Processed, & 

Manufactured MaterialsManufactured Materials
-- Biobased productsBiobased products

Performance Option:Performance Option:
-- Life Cycle AssessmentLife Cycle Assessment per ISO 14044per ISO 14044

Life Cycle Assessment (performance)Life Cycle Assessment (performance)
-- Must include operating energy consumptionMust include operating energy consumption
-- LCA to include LCA to include allall of these impact categories: of these impact categories: 

land use, resource use, climate change, land use, resource use, climate change, 
ozone layer depletion, human health ozone layer depletion, human health 
effects, ecotoxicity, smog, acidification, effects, ecotoxicity, smog, acidification, 
eutrophicationeutrophication

-- show 5% gain in two categories for the show 5% gain in two categories for the 
buildingbuilding

Highlights of Standard 189.1Highlights of Standard 189.1
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Life Cycle Life Cycle COSTCOST is not is not 
Life Cycle Life Cycle ASSESSMENTASSESSMENT

LCC  LCC  is focused on just cost evaluations, is focused on just cost evaluations, 
but at least over the life of the system but at least over the life of the system 
(not first cost only mentality)(not first cost only mentality)

LCA  LCA  is a total environmental impact is a total environmental impact 
assessment of the building over its lifeassessment of the building over its life

7878

Life Cycle Assessment: ToolsLife Cycle Assessment: Tools

BEES (U.S.) BEES (U.S.) [Not sufficient for 189][Not sufficient for 189]
ENVEST2 (UK)ENVEST2 (UK)
SimaPro (Netherlands) SimaPro (Netherlands) 
[Sufficient for 189][Sufficient for 189]
GaBi (Germany)GaBi (Germany)
Athena (Canada) Athena (Canada) Environmental Environmental 
Impact Estimator Impact Estimator 
[Not sufficient for 189][Not sufficient for 189]
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Case Study and Points of EmphasisCase Study and Points of Emphasis

8080

10 10 -- Construction and Operation PlansConstruction and Operation Plans

Mandatory:Mandatory:
Full commissioning for projects Full commissioning for projects 
> 5,000 ft> 5,000 ft²²
-- HVAC, building envelope, lighting, irrigation, HVAC, building envelope, lighting, irrigation, 

plumbing, domestic water, renewable energyplumbing, domestic water, renewable energy

Addition of monitoring equipment for Addition of monitoring equipment for 
measurement and verification, M&V plansmeasurement and verification, M&V plans
-- water, energy and IAQwater, energy and IAQ
-- M&V plans in placeM&V plans in place
-- certification of lamp and ballast recyclingcertification of lamp and ballast recycling
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10 10 -- Construction and Operation PlansConstruction and Operation Plans

§§10.3.3.3 Energy Efficiency10.3.3.3 Energy Efficiency
Two compliance pathsTwo compliance paths
-- Comparison to CBECSComparison to CBECS

benchmark 12benchmark 12--18 18 
months after COmonths after CO

-- Energy simulationEnergy simulation

Done every 3 yearsDone every 3 years

8282

10 10 -- Construction and Operation PlansConstruction and Operation Plans

§§10.3.3.4 Indoor Environmental Quality10.3.3.4 Indoor Environmental Quality
If CO2 monitoring, procedure for increasing If CO2 monitoring, procedure for increasing 
outdoor air using outdoor air using Action Levels Action Levels from from 
Appendix EAppendix E
For outdoor airFor outdoor air
flow, verify flow, verify 
quarterlyquarterly
IAQ Plan IAQ Plan 
§§10.3.3.4 (f)10.3.3.4 (f)

per Person
cfm MET=1.0 MET=1.2 MET=1.5 MET=1.0 MET=1.2 MET=1.5
5 1,680           2,000           2,520           1,800           2,200           2,600           
6 1,400           1,667           2,100           1,500           1,800           2,200           
7 1,200           1,429           1,800           1,300           1,600           1,900           
8 1,050           1,250           1,575           1,200           1,400           1,700           
9 933              1,111           1,400           1,100           1,300           1,500           
10 840              1,000           1,260           1,000           1,100           1,400           
11 764              909              1,145           900              1,100           1,300           
12 700              833              1,050           800              1,000           1,200           
13 646              769              969              800              900              1,100           
14 600              714              900              700              900              1,000           
15 560              667              840              700              800              1,000           
16 525              625              788              700              800              900              
17 494              588              741              600              700              900              
18 467              556              700              600              700              800              
19 442              526              663              600              700              800              
20 420              500              630              600              700              800              
21 400              476              600              500              600              700              
22 382              455              573              500              600              700              
23 365              435              548              500              600              700              
24 350              417              525              500              600              700              
25 336              400              504              500              600              600              
26 or more 323              388              485              500              600              600              

Ventilation 
Δ Concentration (ppm) Δ Concentration (ppm)

Action LevelActual
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Construction and OperationConstruction and Operation

Mandatory:Mandatory:
Transportation Management PlanTransportation Management Plan
-- Target: 14% reduction in Target: 14% reduction in 

vehicle trips in 18 monthsvehicle trips in 18 months

Building service life planBuilding service life plan

8484

Mandatory ProvisionsMandatory Provisions
ConstructionConstruction
-- Minimize idling of Minimize idling of 

construction vehiclesconstruction vehicles
-- Moisture control Moisture control 

measures during measures during 
constructionconstruction

Prescriptive OptionPrescriptive Option --
NONENONE

Performance OptionPerformance Option --
NONENONE

Construction and OperationConstruction and Operation
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OverviewOverview
Example applicationExample application
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Purpose and ScopePurpose and Scope
-- Performance Performance based alternate compliance based alternate compliance 

option to the option to the PrescriptivePrescriptive path in path in §§7.47.4

Must comply with all mandatory provisions Must comply with all mandatory provisions 
of Standard 90.1 and of Standard 90.1 and §§7.37.3

Baseline - Proposed
% Improvement = 100

Baseline
⎛ ⎞×⎜ ⎟
⎝ ⎠
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Std. 90.1 Appendix GStd. 90.1 Appendix G
Performance Rating MethodPerformance Rating Method

Technically not part of the standard and not Technically not part of the standard and not 
substitute for ECB (modification)substitute for ECB (modification)
THUS rewritten into Normative for THUS rewritten into Normative for 
Standard 189.1Standard 189.1
Used for situations when energy usage is Used for situations when energy usage is 
‘‘substationallysubstationally’’ less than budget building, less than budget building, LEED LEED 
EVALUATIONS AND STD 189.1EVALUATIONS AND STD 189.1
Allows for different variations not readily treated Allows for different variations not readily treated 
within Energy Cost Budget in Std. 90.1 within Energy Cost Budget in Std. 90.1 §§1111
-- Underfloor or Thermal Displacement VentilationUnderfloor or Thermal Displacement Ventilation
-- PVPV
-- ‘‘BetterBetter’’ building orientationbuilding orientation
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Std. 90.1 Appendix G Std. 90.1 Appendix G 
Referred to in LEEDReferred to in LEED

9090

ECB Vs. Appendix GECB Vs. Appendix G

Proposed Building Can Take Proposed Building Can Take 
Credit (fans cycling, no cooling)Credit (fans cycling, no cooling)

Proposed Requires Fans Proposed Requires Fans 
to Run and Cooling to Run and Cooling 
Provided.Provided.

Natural VentilationNatural Ventilation

Highest Allowed By StandardHighest Allowed By StandardSame as Proposed (up to Same as Proposed (up to 
max)max)

Fan and Pump Energy Fan and Pump Energy 
UseUse

Typical Typical oversizingoversizing factorsfactorsSame as ProposedSame as ProposedEquipment SizingEquipment Sizing

Minimum Ventilation May Be Minimum Ventilation May Be 
Greater Than Proposed (DCV)Greater Than Proposed (DCV)

Minimum Ventilation Minimum Ventilation 
Same as ProposedSame as Proposed

Demand Controlled Demand Controlled 
VentilationVentilation

Based on Building Size and Based on Building Size and 
FunctionFunction

Based on Proposed Based on Proposed 
Design Design –– System Map.System Map.

HVAC System TypeHVAC System Type

Light Frame ConstructionLight Frame ConstructionSame as Proposed DesignSame as Proposed DesignBuilding MassBuilding Mass

NeutralNeutralSame as Proposed DesignSame as Proposed DesignWindow DistributionWindow Distribution

NeutralNeutralSame as Proposed DesignSame as Proposed DesignBuilding OrientationBuilding Orientation

Appendix GAppendix GECBECBParameterParameter

Baseline Building CharacteristicsBaseline Building Characteristics
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Compare Standard 189.1 to LEEDCompare Standard 189.1 to LEED

189.1 is:189.1 is:
-- More comprehensiveMore comprehensive
-- Pushes the envelopePushes the envelope

Voluntary vs. Voluntary vs. 
mandatorymandatory

9292

Relation to Other Relation to Other 
ASHRAE StandardsASHRAE Standards

Standard 90.1Standard 90.1
-- Directly refers to, but sometimes modifiesDirectly refers to, but sometimes modifies
-- Appendix G rewritten and incorporated as a Appendix G rewritten and incorporated as a 

Normative Appendix D in 189.1Normative Appendix D in 189.1

Standard 62.1Standard 62.1
-- Directly refers to, but modifies for the Directly refers to, but modifies for the 

increased ventilation, filtration requirementsincreased ventilation, filtration requirements

Standard 55  Standard 55  -- ““Comply withComply with””
Standard 105 Standard 105 –– IndirectlyIndirectly
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ASHRAE ASHRAE 
Standard Standard 

62.162.1--20072007

7

9494

The (Revised) Ventilation Rate The (Revised) Ventilation Rate 
ProcedureProcedure

The     of Standard 62.1The     of Standard 62.1

Rationale for revision of Rationale for revision of 
ventilation rates in the 2004 ventilation rates in the 2004 
revisionrevision
Calculation methodCalculation method
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Motivation for Revising the Motivation for Revising the 
Ventilation Rate ProcedureVentilation Rate Procedure

New info since original proposal in 1986New info since original proposal in 1986

Some felt too high ventilation rates than Some felt too high ventilation rates than 
needed in densely occupied spaces needed in densely occupied spaces 

Others believed too low rates in sparsely Others believed too low rates in sparsely 
occupied spacesoccupied spaces

Some thought rates were too low in generalSome thought rates were too low in general

Confusion on ventilation effectiveness, system Confusion on ventilation effectiveness, system 
efficiency and intermittent occupancyefficiency and intermittent occupancy

9696

Rationale for New Rationale for New 
Ventilation RatesVentilation Rates

Recognizes building as a source of indoor air Recognizes building as a source of indoor air 
pollutantspollutants

Accounts for ventilation efficiencyAccounts for ventilation efficiency

Rates still largely based on judgment of the Rates still largely based on judgment of the 
ASHRAE Project CommitteeASHRAE Project Committee
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Revised Ventilation Rate ProcedureRevised Ventilation Rate Procedure

People Component Building Component

Outdoor Air 
Ventilation 

Rate for Space

Minimum 
cfm/Person

Number of  
People

Minimum 
cfm/sq ft

Building 
Area

Vo =  (D) RpPd +      RbAb

x x

Ventilation Rate 
for System Vot = ΣVo/Ev

System 
Efficiency

+

Allowance to Allowance to 
account for account for 
occupancy diversityoccupancy diversity

9898

Air Distribution EffectivenessAir Distribution Effectiveness

Standard 129 (+ lab/field experience)Standard 129 (+ lab/field experience)
Ventilation Rate Procedure table, or testVentilation Rate Procedure table, or test

0.5 Makeup supply drawn in near to the exhaust and/or return location 

0.8 Makeup supply drawn in on the opposite side of the room from the
exhaust and/or return 

0.7 Floor supply of warm air and ceiling return 

1.0 Floor supply of warm air and floor return 

1.2 Floor supply of cool air and ceiling return, provided low-velocity 
displacement ventilation achieves unidirectional flow and thermal 
stratification 

0.8 Ceiling supply of warm air 15°F (8°C) or more above space 
temperature and ceiling return. 

1.0 Ceiling supply of cool air 

Ez Air Distribution Configuration (Examples)
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V
R P D R A

Eot
P D B B

V

=
+

Office Buildings

~20 cfm/person 
(Mendell)

~0.8 for heating 
(Fisk)

~5 cfm/person 
(adapted)

~5 people/1000 ft2

(typical )
~0.06 cfm/ft2

(EUR )

Total OA Flow 
rate at air 

intake, cfm

Determining Total Ventilation Rates:Determining Total Ventilation Rates:
ExampleExample

100100

Ventilation Rate ProcedureVentilation Rate Procedure

5 (150)5 (150)1515AuditoriumAuditorium

8 (65)8 (65)----Lecture roomLecture room

15 (25); 12 (50)15 (25); 12 (50)1515ClassroomClassroom

5 (50)5 (50)2020Conference Conference 
roomroom

17 (5); 14 (7)17 (5); 14 (7)2020OfficeOffice

6262--2004 rate at 2004 rate at 
occupancy occupancy 

(people/1000 ft(people/1000 ft22))

6262--2001 2001 
(cfm/person)(cfm/person)SpaceSpace
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Example: Modular SchoolroomExample: Modular Schoolroom

2

= 10 cfm

= 0.12 cfm/ft
= occupancy
= zone floor area

bz p z a z

p

z

z

z

V R P R A

where :
R

R
P
A

= +

10 33 0 12 800
 426 cfm

bz

bz

V .
V

= ⋅ + ⋅
=

102102

Example: This RoomExample: This Room
Zones served by system Zone 1

Space type (select from pull-down list) Conference / mee
Az Floor area of zone, ft2 1600
Pz Zone population, largest # of people 

expected to occupy zone
40

Rp Area outdoor air rate from Table 6.1, cfm/ft2 5
Ra People outdoor air rate from Table 6.1, 

cfm/person 0.06
Pz*Rp 200
Az*Ra 96
Ez Zone air distribution effectiveness, Table 6.2 0.9

Voz Outdoor airflow to the zone corrected for 
zone air distribution effectiveness, (Pz*Rp + 
Az*Ra)/Ez, cfm

329

From ASHRAE Calculator
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Now Adjust for Std. 189.1 Now Adjust for Std. 189.1 
(if applicable)(if applicable)

104104

ASHRAE Standard 55ASHRAE Standard 55
““Thermal Environmental Conditions Thermal Environmental Conditions 

for Human Occupancyfor Human Occupancy””
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Good Environment Condition Good Environment Condition 
= Good Performance= Good Performance

106106

Standard 55: Key DefinitionsStandard 55: Key Definitions

Predicted Mean Vote (PMV)Predicted Mean Vote (PMV)
-- Index to predict the mean value of votes Index to predict the mean value of votes 

between cool to warmbetween cool to warm

Predicted Percentage Dissatisfied (PPD)Predicted Percentage Dissatisfied (PPD)
-- Index to establish a quantitative prediction of Index to establish a quantitative prediction of 

people who are dissatisfied with thermal people who are dissatisfied with thermal 
conditions, as determined from PMVconditions, as determined from PMV

Operative TemperatureOperative Temperature
-- Room equivalent temperature which accounts Room equivalent temperature which accounts 

for radiation and convection heat transferfor radiation and convection heat transfer
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New Features in 2004 EditionNew Features in 2004 Edition

Method for computing the PMV, PPD Method for computing the PMV, PPD 
(program available for download)(program available for download)
Includes concept of Includes concept of adaptation adaptation of building of building 
occupants occupants 
Humidification downplayedHumidification downplayed

108108

Determining Acceptable Thermal Determining Acceptable Thermal 
Conditions (ContConditions (Cont’’d)d)

Computational method for operative Computational method for operative 
temperature and humidity ratio for larger temperature and humidity ratio for larger 
activity level range (1.0 to 2.0 MET) and activity level range (1.0 to 2.0 MET) and 
clothing level (clothing level (≤≤ 1.51.5 cloclo))

( )4 2-0.03353 PMV 0.2179 PMV
PPD = 100 - 95 e

⋅ − ⋅
⋅
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Relationship of PPD and PMVRelationship of PPD and PMV

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Cold (-3.0) Cool (-2.0) Slighly
Cool   (-1.0)

Neutral (0) Slightly
Warm
(+1.0)

Warm
(+2.0)

Hot (+3.0)

P
P

D
( )4 2-0.03353 PMV 0.2179 PMV

PPD = 100 - 95 e
⋅ − ⋅

⋅

110110

PMV for this RoomPMV for this Room

"COMFORT" #Votes Score
Cold 1 -3
Cool 2 -4
Slightly Cool 3 -3
Neutral 5 0
Slightly Warm 7 7
Warm 3 6
Hot 2 6
Total 23 9

PMV= 0.39130435
PPD = 8.2%

PREDICTED MEAN VOTE ESTIMATOR
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Sample Thermal Comfort RangeSample Thermal Comfort Range

For MET = 1.1, For MET = 1.1, 
CLO = 1.0, CLO = 1.0, 
20 fpm 20 fpm 
air velocityair velocity

112112
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Standard 105Standard 105

Purpose:Purpose:
-- Common reporting Common reporting 

of building energy of building energy 
use (existing or use (existing or 
proposed)proposed)

EPActEPAct 2005 sets Standard 105 as the 2005 sets Standard 105 as the 
““Commercial building reference Commercial building reference 
standard for standard for …… energy code incentivesenergy code incentives””
Required info summary for existing Required info summary for existing 
buildings, LEEDbuildings, LEED--EB and Energy StarEB and Energy Star

114114

Standard 105Standard 105

ScopeScope

Does notDoes not
-- Set goalsSet goals
-- Certify Certify 

modelingmodeling
methodsmethods
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Complying with Standard 105Complying with Standard 105

Compliance requirementsCompliance requirements
Section

Mandatory Minimum

Optional

Std. 105

116116

Std. 105 Std. 105 –– Section 5Section 5
Basic Measurement and ExpressionBasic Measurement and Expression

Basic building description Basic building description –– Form 1Form 1
Energy performance summary Energy performance summary –– Form 2Form 2

-- Source of dataSource of data

-- Metering, install one if neededMetering, install one if needed
-- OnOn--site renewable site renewable –– metering (kWh or Btu)metering (kWh or Btu)

does not include passive means or that does not include passive means or that 
collected through ground source heat pumpcollected through ground source heat pump

Std. 105
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Table 5.1

Std. 105

118118

Computing and Summarizing Computing and Summarizing 
Energy UseEnergy Use

Conversion factors, Conversion factors, 
example Table 5.1example Table 5.1

Std. 105
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Additional Expressions of Energy Additional Expressions of Energy 
PerformancePerformance

Other performance measures such as air Other performance measures such as air 
emissions (COemissions (CO22 or otherwise)or otherwise)
Other normalizations (example)Other normalizations (example)

Std. 105

120120

Comparison of PerformanceComparison of Performance

Publicly available?

Std. 105
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Informative AppendicesInformative Appendices

Appendix A: Measuring Energy Use Appendix A: Measuring Energy Use 
(existing buildings)(existing buildings)
Appendix B: Adjusting to 365Appendix B: Adjusting to 365--day year day year 
baselinebaseline

FURTHER INFORMATIONFURTHER INFORMATION

Information on ASHRAE standards:  Information on ASHRAE standards:  
www.ashrae.orgwww.ashrae.org then follow then follow 

““StandardsStandards””, includes listserv for , includes listserv for 
Standard 189.1Standard 189.1

Information on USGBC programs:Information on USGBC programs:
www.usgbc.orgwww.usgbc.org

Information on IESNA programs:Information on IESNA programs:
www.iesna.orgwww.iesna.org
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Thank you!Thank you!

Comments, questions, concerns, advice Comments, questions, concerns, advice ……

Dr. Tom Lawrence, P.E., LEEDDr. Tom Lawrence, P.E., LEED--APAP
lawrence@engr.uga.edulawrence@engr.uga.edu


