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Speaking events 
outside U S mainlandoutside U.S. mainland



Introduction and greetings from the Introduction and greetings from the 
University of GeorgiaUniversity of Georgia
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Environmental Impact of Environmental Impact of 
Buildings in U SBuildings in U S **Buildings in U.S.Buildings in U.S.

-- 65 2% of total U S electricity consumption65 2% of total U S electricity consumption-- 65.2% of total U.S. electricity consumption65.2% of total U.S. electricity consumption
-- > 36% of total U.S. primary energy use > 36% of total U.S. primary energy use 

30% f t t l U S h i i30% f t t l U S h i i-- 30% of total U.S. greenhouse gas emissions 30% of total U.S. greenhouse gas emissions 
-- 136 million tons of construction and demolition 136 million tons of construction and demolition 

waste in the U S (approx 2 8 lbs/person/day)waste in the U S (approx 2 8 lbs/person/day)waste in the U.S. (approx. 2.8 lbs/person/day) waste in the U.S. (approx. 2.8 lbs/person/day) 
-- 12% of potable water in the U.S. 12% of potable water in the U.S. 
-- 40% (3 billion tons annually) of raw materials 40% (3 billion tons annually) of raw materials 

use globallyuse globally
* C i l d id i l* C i l d id i l

Green Buildings Overview, Green Buildings Overview, 
Standard 189 Standard 189 -- 66

* Commercial and residential* Commercial and residential
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Green Building Rating Systems Green Building Rating Systems 
(LEED and Other Programs)(LEED and Other Programs)(LEED and Other Programs)(LEED and Other Programs)

Green Buildings Overview, Green Buildings Overview, 
Standard 189 Standard 189 -- 88



USGBC and LEEDUSGBC and LEED

 LLeadership in eadership in EEnergy and nergy and EEnvironmental nvironmental pp gygy
DDesignesign

 Overview of LEED programs mostlyOverview of LEED programs mostly Overview of LEED programs mostly Overview of LEED programs mostly 
relevant to ASHRAE and its membersrelevant to ASHRAE and its members

Green Buildings Overview, Green Buildings Overview, 
Standard 189 Standard 189 -- 99



LEED ProgramsLEED Programs

Green Buildings and LEED Green Buildings and LEED -- 1010

Also in development: 
healthcare, laboratories; 
High Performance Operations



Five CategoriesFive Categories -- WISERWISERFive Categories Five Categories -- WISERWISER

 Water EfficiencyWater Efficiency Water EfficiencyWater Efficiency
 Indoor Environmental QualityIndoor Environmental Quality
 Sustainable SitesSustainable Sites
 Energy & AtmosphereEnergy & Atmospheregy pgy p
 Resources & Materials Resources & Materials 

Green Buildings Overview, Green Buildings Overview, 
Standard 189 Standard 189 -- 1111



Summary of LEEDSummary of LEED--NC 2009 PointsNC 2009 Points
••Sustainable SiteSustainable Site 8 credits / 26 points8 credits / 26 points
••Water Conservation and EfficiencyWater Conservation and Efficiency 3 credits / 10 points3 credits / 10 points

Summary of LEEDSummary of LEED--NC 2009 PointsNC 2009 Points

••Energy and Atmosphere  Energy and Atmosphere  6 credits / 35 points6 credits / 35 points
••Materials and ResourcesMaterials and Resources 7 credits / 14 points7 credits / 14 points
••Indoor Environmental QualityIndoor Environmental Quality 8 credits / 15 points8 credits / 15 pointsIndoor Environmental Quality  Indoor Environmental Quality  8 credits / 15 points8 credits / 15 points

total core pointstotal core points 100100
i ti & d ii ti & d i 66

LEED™ Rating System
innovation & designinnovation & design 66
regional priorityregional priority 44
TOTAL POSSIBLETOTAL POSSIBLE 110110

(2009 Update)
– Certified Level 40-49 points 
– Silver Level 50-59 points

G ld L l 60 79 i
prerequisites requiredprerequisites required 88

– Gold Level 60-79 points
– Platinum Level    80+   points

Green Buildings Overview, Green Buildings Overview, 
Standard 189 Standard 189 -- 1212
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Water EfficiencyWater Efficiency

Green Buildings and LEED Green Buildings and LEED -- 1313



Energy and Energy and 
At hAt h

Prerequisites
F ti l C i i i

AtmosphereAtmosphere

•Functional Commissioning
• Minimum Energy Performance
• Refrigerant Management• Refrigerant Management
Credits
1. Optimize Energy Performance1. Optimize Energy Performance
2. Renewable Energy
3. Additional Commissioning
4. Elimination of HCFC’s & Halons
5. Measurement and Verification
6 G P

Green Buildings Overview, Green Buildings Overview, 
Standard 189 Standard 189 -- 1414

Green Buildings Overview, Green Buildings Overview, 
Standard 189 Standard 189 -- 1414

6. Green Power



Energy Performance DeterminationEnergy Performance DeterminationEnergy Performance DeterminationEnergy Performance Determination
 Minimum level (prerequisite)Minimum level (prerequisite)

10% b tt th ASHRAE St d d 90 110% b tt th ASHRAE St d d 90 1 20020077-- 10% better than ASHRAE Standard 90.110% better than ASHRAE Standard 90.1--20020077
-- Applicable ASHRAE Adv. Energy Design Guide Applicable ASHRAE Adv. Energy Design Guide 

(Small office retail or warehouse)(Small office retail or warehouse)(Small office, retail or warehouse)(Small office, retail or warehouse)
-- Adv. Buildings Core Performance Guide (from Adv. Buildings Core Performance Guide (from 

New Buildings Institute)New Buildings Institute)New Buildings Institute)New Buildings Institute)

Green Buildings and LEED Green Buildings and LEED -- 1515



Energy Performance DeterminationEnergy Performance DeterminationEnergy Performance DeterminationEnergy Performance Determination
 For credits: Three optionsFor credits: Three options

I) Wh l b ildi i l ti (90 1I) Wh l b ildi i l ti (90 1 2007 A G)2007 A G)I) Whole building simulation (90.1I) Whole building simulation (90.1--2007 App. G)2007 App. G)

Green Buildings and LEED Green Buildings and LEED -- 1616



Energy Performance (Cont’d)Energy Performance (Cont’d)Energy Performance (Cont d)Energy Performance (Cont d)
 Three options (cont’d)Three options (cont’d)

(II) P i ti i li bl(II) P i ti i li bl(II) Prescriptive measures in applicable (II) Prescriptive measures in applicable 
ASHRAE’s ASHRAE’s Adv. Energy Design Guide  Adv. Energy Design Guide  (1 pt)(1 pt)

(III)(III) Advanced Buildings Benchmark CoreAdvanced Buildings Benchmark Core(III) (III) Advanced Buildings Benchmark, Core Advanced Buildings Benchmark, Core 
Performance GuidePerformance Guide

Green Buildings and LEED Green Buildings and LEED -- 1717



EA Credit 2: Renewable EnergyEA Credit 2: Renewable EnergyEA Credit 2: Renewable EnergyEA Credit 2: Renewable Energy

Comparison of Renewble Energy Credit Points (EA Credit 2)
15%

12.5%

LEED 2009 % Renewables LEED 2.2 % Renewables

Must be generated 

9%

11%

7 5%

on-site

5%

7%
7.5%

1%

3%
2.5%

Green Buildings Overview, Green Buildings Overview, 
Standard 189 Standard 189 -- 1818
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1 2 3 4 5 6 7

Credit Points



EA Cr 3: Additional CommissioningEA Cr 3: Additional CommissioningEA Cr 3: Additional CommissioningEA Cr 3: Additional Commissioning

 Contract for enhanced Cx (as described inContract for enhanced Cx (as described in Contract for enhanced Cx (as described in Contract for enhanced Cx (as described in 
the the Reference GuideReference Guide).  To include:).  To include:

R i f O ’ P j t R ’t B i fR i f O ’ P j t R ’t B i f-- Review of Owner’s Project Req’ts, Basis of Review of Owner’s Project Req’ts, Basis of 
Design, submittalsDesign, submittals
Develop systems (operations) manualDevelop systems (operations) manual-- Develop systems (operations) manualDevelop systems (operations) manual

-- Verify training completionVerify training completion
R i b ildi ti ithi 10 th fR i b ildi ti ithi 10 th f-- Review building operation within 10 months of Review building operation within 10 months of 
‘substantial completion’‘substantial completion’

Green Buildings Overview, Green Buildings Overview, 
Standard 189 Standard 189 -- 1919
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EA Cr 4: RefrigerantsEA Cr 4: RefrigerantsEA Cr 4: RefrigerantsEA Cr 4: Refrigerants

 Option 1: Don’t use refrigerantsOption 1: Don’t use refrigerants Option 1: Don t use refrigerantsOption 1: Don t use refrigerants
 Option 2: Comply with formula that gives Option 2: Comply with formula that gives 

i ht d f b ildi i ti ht d f b ildi i ta weighted average of building equipment a weighted average of building equipment 
based on both lifetime ozone depletion based on both lifetime ozone depletion 

d l b l i t ti ld l b l i t ti land global warming potentialsand global warming potentials
-- Excludes small charge devicesExcludes small charge devices

Green Buildings Overview, Green Buildings Overview, 
Standard 189 Standard 189 -- 2020

Green Buildings Overview, Green Buildings Overview, 
Standard 189 Standard 189 -- 2020



EA Cr 5: EA Cr 5: 
Measurement & VerificationMeasurement & Verification

 Develop and implement (for minimum of 1Develop and implement (for minimum of 1 Develop and implement (for minimum of 1 Develop and implement (for minimum of 1 
year postyear post--construction) a plan that complies construction) a plan that complies 
with IPMVPwith IPMVPwith IPMVPwith IPMVP
-- Option D (Whole Building Calibrated Simulation)Option D (Whole Building Calibrated Simulation)

O ti B (ECM i l ti ) li d tO ti B (ECM i l ti ) li d t-- Option B (ECM isolation), as applied to Option B (ECM isolation), as applied to 
monitoring and accountability of significant monitoring and accountability of significant 
energy using systems easily isolatedenergy using systems easily isolatedenergy using systems, easily isolatedenergy using systems, easily isolated

Green Buildings Overview, Green Buildings Overview, 
Standard 189 Standard 189 -- 2121

Green Buildings Overview, Green Buildings Overview, 
Standard 189 Standard 189 -- 2121



Indoor Environmental QualityIndoor Environmental Quality

Green Buildings Overview, Green Buildings Overview, 
Standard 189 Standard 189 -- 2222

Green Buildings Overview, Green Buildings Overview, 
Standard 189 Standard 189 -- 2222



Questions?Questions?Questions?Questions?

Green Buildings Overview, Green Buildings Overview, 
Standard 189 Standard 189 -- 2323



ASHRAE Standard 189.1ASHRAE Standard 189.1

 Overview of ASHRAE Standard 189.1 for Overview of ASHRAE Standard 189.1 for 
“High“High--Performance, Green Buildings”Performance, Green Buildings”HighHigh Performance, Green BuildingsPerformance, Green Buildings
-- What is it?What is it?

Why have it?Why have it?-- Why have it?Why have it?
-- Highlights Highlights 

2424

http://www.ashrae.org/greenstandard



Compare Standard 189.1 to LEEDCompare Standard 189.1 to LEED

 Std. 189.1:Std. 189.1:
-- Improvement in all Improvement in all 

V lV l
2525

topical areastopical areas
-- Pushes the envelopePushes the envelope

 Voluntary vs. Voluntary vs. 
mandatorymandatory



ASHRAE Standard 189.1ASHRAE Standard 189.1--20112011

 An optional compliance path (“Jurisdictional An optional compliance path (“Jurisdictional 
Compliance Option”) to the InternationalCompliance Option”) to the InternationalCompliance Option ) to the International Compliance Option ) to the International 
Green Construction Code (IGCC)Green Construction Code (IGCC)

Official description of Standard 189 1 within U S

“… compliance option of the 
International Green Construction

Official description of Standard 189.1 within U.S.

International Green Construction 
Code.” Choice of the project 
team to use IGCC or Std 189.1

2626



Standard 189.1: IntentStandard 189.1: IntentNEW 
SLIDE

 What Standard 189.1 is:What Standard 189.1 is:
d dd d-- 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 codesp gp g

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

This Standard is an indication of future industry trends
Green Buildings Overview, Green Buildings Overview, 

Standard 189 Standard 189 -- 2727

This Standard is an indication of future industry trends



Standard 189.1: Relation Standard 189.1: Relation toto
OtherOther ASHRAE StandardsASHRAE StandardsOther Other ASHRAE StandardsASHRAE Standards

62.1 (current version)90.1 (current version)90.1 (current version) Standard 62.1

Adopt, with 
modifications

AdoptAdopt, 
with minor 

modifications

Adopt

Standard 55

Green Buildings Overview, Green Buildings Overview, 
Standard 189 Standard 189 -- 2828

Adopt



Organization and What it CoversOrganization and What it Covers
 Similar to other ASHRAE standards and LEEDSimilar to other ASHRAE standards and LEED Similar to other ASHRAE standards and LEED Similar to other ASHRAE standards and LEED 

2929



Standard 189.1 Basic StructureStandard 189.1 Basic Structure

 x.1: x.1: ScopeScope
For Each Section

pp
 x.2: x.2: ComplianceCompliance
 x 3:x 3: MandatoryMandatory x.3: x.3: Mandatory Mandatory 

(required for all projects)(required for all projects)
44 P esc ipti eP esc ipti e pathpath x.4: x.4: Prescriptive Prescriptive pathpath
(simple option, minimal choices, (simple option, minimal choices, 
e fe calc lations)e fe calc lations)very few calculations)very few calculations)

 x.5: x.5: Performance Performance pathpath

3030

(more sophisticated, flexibility, but (more sophisticated, flexibility, but 
more effort)more effort)



Important NoteImportant NoteNEW 
SLIDE

 Standard 189.1 mostly sets Standard 189.1 mostly sets yy
standards for performance or standards for performance or 
lists specific equipmentlists specific equipmentlists specific equipment lists specific equipment 
requirements … requirements … 

But does not specify exact  But does not specify exact  
d i d i l id i d i l idesign and implementation design and implementation 
methodsmethods

3131



Highlights of Standard 189.1Highlights of Standard 189.1
S ti 5S ti 5 SitSit

NEW 
SLIDE

Section 5 Section 5 –– Sites:Sites:
Mandatory provisionsMandatory provisions
 Allowable sites, where to build; or Allowable sites, where to build; or 

where where notnot to allow a buildingto allow a building
 Other areas that are addressed:Other areas that are addressed:

-- Urban heat islandUrban heat island
-- Light “pollution” limitationsLight “pollution” limitations

Prescriptive optionPrescriptive option
-- Pervious surface areaPervious surface area
-- Greenfield site, maintainingGreenfield site, maintaining

t i i ti tit i i ti ti
3232

or restoring existing native or restoring existing native 
plants (20% of site)plants (20% of site)



Sustainable SitesSustainable SitesNEW 
SLIDE

Mandatory ProvisionsMandatory Provisions
 Reduction of light pollutionReduction of light pollution

-- Modification of Standard 90.1 exterior lighting Modification of Standard 90.1 exterior lighting 
power allowancespower allowances

-- Maximum BUG limit (Backlight, Maximum BUG limit (Backlight, UplightUplight, Glare) , Glare) 
ratings Tablesratings Tables

3333

BUG ratings defined per lumen limits in 
IESNA TM-15 Addendum A



Light ‘Leakage’Light ‘Leakage’NEW 
SLIDE

3434



Section 6 Section 6 –– Water Use EfficiencyWater Use Efficiency

Mandatory ProvisionsMandatory Provisions
 Building water useBuilding water use:: Building water useBuilding water use: : 

((§§6.3.2.1) 6.3.2.1) plumbing fixtures & fittings per plumbing fixtures & fittings per 
U S EPAU S EPA WaterSenseWaterSense or ASME Standardsor ASME StandardsU.S. EPA U.S. EPA WaterSenseWaterSense or ASME Standards, or ASME Standards, 
with specific limit on flow amount or ratewith specific limit on flow amount or rate
((§§6 3 2 2)6 3 2 2) appliances per U S EPAappliances per U S EPA((§§6.3.2.2) 6.3.2.2) appliances per U.S. EPA appliances per U.S. EPA 
EnergyStarEnergyStar, with water use factor for , with water use factor for 
dwelling unit or public accessdwelling unit or public accessdwelling unit or public accessdwelling unit or public access

3636



Section 6 Section 6 –– Water Use EfficiencyWater Use Efficiency
Mandatory Provisions (Mandatory Provisions (contcont.).)
 HVAC Systems (HVAC Systems (§§6.3.2.3)6.3.2.3)::

-- Subsystem metering above thresholdsSubsystem metering above thresholds
-- Cooling tower cycles of concentrationCooling tower cycles of concentrationCooling tower cycles of concentration Cooling tower cycles of concentration 

limit, efficient drift eliminatorslimit, efficient drift eliminators
Condensate collection from units >19 kWCondensate collection from units >19 kW-- Condensate collection from units >19 kW Condensate collection from units >19 kW 
(65,000 Btu/h) in areas with mean (65,000 Btu/h) in areas with mean 
coincident wet bulb >72coincident wet bulb >72F (22F (22C)C)coincident wet bulb >72coincident wet bulb >72F (22F (22C)C)

Georgia: ~12.6 gal/cfm Outdoor air
Annual condensate collection

3737

Georgia: ~12.6 gal/cfm Outdoor air    
or about 100 liters water/(l/s)



Selected Cooling Design ConditionsSelected Cooling Design Conditions

U.S. citiesU.S. cities

Other Other 
selectedselected

Values areValues are
cooling load cooling load 
d id iDelhiDelhiselectedselected design design 
conditions, conditions, 
ASHRAE ASHRAE 
FundamentalsFundamentals

Delhi, Delhi, 
dehumidificationdehumidification

OkinawaOkinawa

MiamiMiami

Athens, GAAthens, GA

Fundamentals Fundamentals 
20092009

ChicagoChicago ,,

DubaiDubai

DelhiDelhi
SacramentoSacramento

TorontoTorontoStandard 
189.1-2011 DohaDoha

DD

No condensateNo condensate
(approximate)(approximate)

SacramentoSacramento

3838

DenverDenver NEW 
SLIDE



Condensate CollectionCondensate Collection

 How Would You Comply with This?How Would You Comply with This?p yp y

How Would You Use the Water?How Would You Use the Water?

How to Calculate Estimated Water How to Calculate Estimated Water 
Collected?Collected?

3939

NEW 
SLIDE



Energy Energy –– Section 7Section 7

Green Buildings Overview, Green Buildings Overview, 
Standard 189 Standard 189 -- 4040



ASHRAE Energy GoalsASHRAE Energy Goals

 ASHRAE goal to have netASHRAE goal to have net--zero energy and zero energy and gg gygy
carbon by 2030carbon by 2030

 ASHRAE’s Tech Council will suggest EUIASHRAE’s Tech Council will suggest EUI ASHRAE s Tech Council will suggest EUI ASHRAE s Tech Council will suggest EUI 
targets for Standards 189.1 and 90.1targets for Standards 189.1 and 90.1

 Monitoring of progress based onMonitoring of progress based on Monitoring of progress based on Monitoring of progress based on 
standardized computer modelingstandardized computer modeling
Goal is to ha e 189 1 each Net Ene gGoal is to ha e 189 1 each Net Ene g Goal is to have 189.1 reach Net Energy Goal is to have 189.1 reach Net Energy 
Use Intensity targets (but not net zero) Use Intensity targets (but not net zero) 
by 2020by 2020by 2020by 2020

4141



What is EUI, NEUI?What is EUI, NEUI?

Source (June 2010):

4242



Standard 90.1-2010
Standard 189 1 2009 net EUI

54.8 (622)
50 4 (572) Standard 189.1-2009, net EUI50.4 (572)

4343

NEW 
SLIDE



Highlights for Energy (Section 7)Highlights for Energy (Section 7)

 Mandatory Requirements:Mandatory Requirements:
OnOn site renewable power (site renewable power ( 7 3 2)7 3 2)-- OnOn--site renewable power (site renewable power ( 7.3.2)7.3.2)
Provisions for future installation Provisions for future installation annual annual 
energy productionenergy production ≥≥66 kBtukBtu/ft/ft² (² (20 kWh20 kWh/m/m²)²)energy production energy production ≥≥6 6 kBtukBtu/ft/ft  ( (20 kWh20 kWh/m/m ) ) 
singlesingle--story; story; ≥10≥10 kBtukBtu/ft/ft² ² ((32 kWh32 kWh/m²/m²)) multimulti--storystory
Exception for areas with low incident solar (4.0 Exception for areas with low incident solar (4.0 
kWh/mkWh/m22/day), /day), account for local shadingaccount for local shading

4444



Highlights for Energy (Section 7)Highlights for Energy (Section 7)

Energy Energy –– Mandatory (Mandatory (contcont.): .): 
 Remote or automatic reading metersRemote or automatic reading meters Remote or automatic reading meters Remote or automatic reading meters 

(( 7.3.3)    7.3.3)    criteria based on sizecriteria based on size
E (T bl 7 3 3E (T bl 7 3 3 1)1)-- Energy sources (Table 7.3.3Energy sources (Table 7.3.3--1) 1) 

-- Key systems (Table 7.3.3Key systems (Table 7.3.3--2)2)
 Meters communicate to central recording Meters communicate to central recording 

system system yy
 Data storage for minimum 36 monthsData storage for minimum 36 months

4545

Exception: Residential portions of buildings complying with this Standard



Energy Metering ThresholdsEnergy Metering ThresholdsEnergy Metering ThresholdsEnergy Metering Thresholds

4646



Highlights for Energy (Section 7)Highlights for Energy (Section 7)

Prescriptive OptionPrescriptive Option
 Prescriptive Option: Renewable EnergyPrescriptive Option: Renewable Energy Prescriptive Option: Renewable EnergyPrescriptive Option: Renewable Energy

-- OnOn--site renewable energy system with site renewable energy system with 
≥≥66 kBtkBt /ft²/ft² [20 kWh/ ²[20 kWh/ ² ] i l] i l≥≥6 6 kBtukBtu/ft²/ft²--yr [20 kWh/m²yr [20 kWh/m²--yr] single yr] single 
story or story or 
10 010 0 kBtkBt /ft²/ft² [32 kWh/ ²[32 kWh/ ² ]]10.0 10.0 kBtukBtu/ft²/ft²--yr [32 kWh/m²yr [32 kWh/m²--yr] yr] 
multiple story, multiple story, based on roof areabased on roof area

4747



P i i O i (B ildi E l )P i i O i (B ildi E l )
Highlights for Energy (Section 7)Highlights for Energy (Section 7)

Prescriptive Option (Building Envelope)Prescriptive Option (Building Envelope)
 Replaces Table 5.5Replaces Table 5.5--1 thru 8 on building envelope 1 thru 8 on building envelope 

i 90 1 f li 90 1 f lin 90.1, for example:in 90.1, for example:

((§§7.4.2)7.4.2)((§§7.4.2)7.4.2)

4848



Highlights for Energy (Section 7)Highlights for Energy (Section 7)
Prescriptive Option (Building Envelope)Prescriptive Option (Building Envelope)
 Vertical fenestrationVertical fenestration Vertical fenestration Vertical fenestration 

<40% gross wall area<40% gross wall area
((§§7.4.2.4)7.4.2.4)((§§ ))

4949
NEW 
SLIDE



Highlights for Energy (Section 7)Highlights for Energy (Section 7)
Prescriptive Option (Building Envelope)Prescriptive Option (Building Envelope)
 Overhang: PF >0.5Overhang: PF >0.5 Overhang: PF >0.5Overhang: PF >0.5

((§§7.4.2.5) 7.4.2.5) 
Exceptions for  < 250 hours/yr,Exceptions for  < 250 hours/yr,p /y ,p /y ,
dynamic glazing, dynamic glazing, 
or automated shadingor automated shading

P t j ti t t & thP t j ti t t & th
5050

-- Permanent projections: west, east & southPermanent projections: west, east & south
-- Climate zones 1Climate zones 1--55NEW 

SLIDE



Highlights for Energy (Section 7)Highlights for Energy (Section 7)

Prescriptive Option (Building Envelope)Prescriptive Option (Building Envelope)
 SHGC MultipliersSHGC Multipliers SHGC MultipliersSHGC Multipliers

(different than Std 90.1)(different than Std 90.1)
((§§7 4 2 6)7 4 2 6)((§§7.4.2.6)7.4.2.6)

5151
NEW 
SLIDE



Highlights for Energy (Section 7)Highlights for Energy (Section 7)

Prescriptive Option (Building Envelope)Prescriptive Option (Building Envelope)
 Fenestration area and SHGC complies withFenestration area and SHGC complies withpp

((§§7.4.2.8) Total window area greater on 7.4.2.8) Total window area greater on 
north + south sides of building than north + south sides of building than 

t tt teast + westeast + west

ExceptionExceptionExceptionException
Buildings Buildings 

adjacent toadjacent toadjacent to adjacent to 
or shaded by or shaded by 
otherother

5252

bbuildingsuildings
NEW 
SLIDE



Highlights for Energy (Section 7)Highlights for Energy (Section 7)

Prescriptive Option (Building Envelope)Prescriptive Option (Building Envelope)
 Continuous air barrier requirementContinuous air barrier requirement Continuous air barrier requirementContinuous air barrier requirement

((§§7.4.2 10)7.4.2 10)
 Complies with Normative Appendix B toComplies with Normative Appendix B to Complies with Normative Appendix B to Complies with Normative Appendix B to 

control air leakage in and out control air leakage in and out 
D t il d t ti d tD t il d t ti d t Detailed on construction documentsDetailed on construction documents

5353
NEW 
SLIDE



§§7.4.3  HVAC7.4.3  HVAC

90.1 (current version)

General Concept:
Based on Standard 90.1, but 
modify to gain improved90.1 (current version) modify to gain improved 
energy performance over 
code minimum standards

( )

Adapt, with 
modifications

code minimum standards

Green Buildings Overview, Green Buildings Overview, 
Standard 189 Standard 189 -- 5454



§§7.4.3  HVAC7.4.3  HVAC
 §§7.4.3.2 7.4.3.2 Lowers occupancy threshold for Lowers occupancy threshold for 

demanddemand--controlled ventilation (DCV)controlled ventilation (DCV)

90.1 (current version)90.1 (current version)

Standard 90 1-2010: 40 people/1000 ft² (100

25 people/1000 ft²

Standard 90.1-2010: 40 people/1000 ft² (100 
m²) and area >500 ft² (50 m²)

25 people/1000 ft

If with CO2 sensors, 
install per §7.4.3.2

Note: Type of DCV used 
is not specified in

5555

is not specified in 
Standard 189.1



§§7.4.3  HVAC7.4.3  HVAC
§§7 4 3 47 4 3 4 Z t lZ t l §§7.4.3.4 7.4.3.4 Zone controlsZone controls
-- Have adapted Standard 90.1Have adapted Standard 90.1--2010 approach, 2010 approach, 

b t t i tib t t i tibut more restrictivebut more restrictive
-- Exceptions allowed:Exceptions allowed:

5656



§§7.4.3  HVAC7.4.3  HVAC

 §§7.4.3.5 7.4.3.5 Fan power limits, Fan power limits, §§ p ,p ,
below Standard 90.1below Standard 90.1--20102010 - 10%

5757



E l d P i t f E h iE l d P i t f E h iExample and Points of Emphasis Example and Points of Emphasis 
and Discussionand Discussion

 How to get 10% lower fan power?How to get 10% lower fan power?

5858
NEW 
SLIDE



§§7.4.3  HVAC7.4.3  HVAC

 §§7.4.3.6 7.4.3.6 Expand energy recovery Expand energy recovery req’treq’t§§ p gy yp gy y qq

-- 60%60% energy recovery effectivenessenergy recovery effectiveness

5959

60%60% energy recovery effectiveness energy recovery effectiveness 
(enthalpy)(enthalpy)



§§7.4.3  HVAC7.4.3  HVAC

 §§7.4.3.7 7.4.3.7 Kitchen hoods add variable Kitchen hoods add variable 
speed ≥50% reduction in flow whenspeed ≥50% reduction in flow whenspeed, ≥50% reduction in flow when speed, ≥50% reduction in flow when 
not needed not needed (significant impact)(significant impact)

 §§7.4.3.8 7.4.3.8 Minimum duct insulation Minimum duct insulation 
increased (Tables Cincreased (Tables C--9 and 10)9 and 10)(( ))

 §§7.4.3.12 7.4.3.12 Unoccupied hotel/motel Unoccupied hotel/motel 
>50 guest rooms>50 guest rooms>50 guest rooms>50 guest rooms
-- Lighting, outlets, TV off Lighting, outlets, TV off 

HVACHVAC t i tt i t i d/l d bi d/l d b
6060

-- HVAC HVAC setpointsetpoint raised/lowered byraised/lowered by
55F (3F (3 C)C)



Implementation:Implementation:
How to Avoid this?How to Avoid this?How to Avoid this?How to Avoid this?
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Highlights for Energy (Section 7)Highlights for Energy (Section 7)

Prescriptive Option (Prescriptive Option (contcont ))

Highlights for Energy (Section 7)Highlights for Energy (Section 7)

Prescriptive Option (Prescriptive Option (contcont.).)
 §§7.4.57.4.5 PowerPower

Peak load reduction:Peak load reduction:
-- Reduce peak demand of the building Reduce peak demand of the building 

h h d dh h d d li i i l dli i i l dthrough demandthrough demand--limiting or load limiting or load 
shifting measures  (10%)shifting measures  (10%)
St db ti d t tSt db ti d t t-- Standby generation does not count…Standby generation does not count…
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Highlights for Energy (Section 7)Highlights for Energy (Section 7)
Prescriptive Option (Lighting)Prescriptive Option (Lighting)
 ((§§7.4.6.1) 7.4.6.1) Interior lighting power Interior lighting power 

allowance reduced from Table 9.5.1 allowance reduced from Table 9.5.1 
in Standard 90.1in Standard 90.1--20102010

Example for Space-
by-Space Method: 
LPD Factor is 
multiplier for

6363

multiplier for 
90.1-2010 values



Highlights for Energy (Section 7)Highlights for Energy (Section 7)

Prescriptive Option (Lighting)Prescriptive Option (Lighting)

Highlights for Energy (Section 7)Highlights for Energy (Section 7)

Prescriptive Option (Lighting)Prescriptive Option (Lighting)
 ((§§7.4.6.4) 7.4.6.4) Occupancy sensors:Occupancy sensors:

M l t ff t f ll iM l t ff t f ll iManual on, auto off, except following Manual on, auto off, except following 
where auto on is allowedwhere auto on is allowed
-- Areas per 7.4.6.2Areas per 7.4.6.2
-- Public corridors, stairwellsPublic corridors, stairwells
-- RestroomsRestrooms
-- Entrance areas and lobbiesEntrance areas and lobbies
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Highlights for Energy (Section 7)Highlights for Energy (Section 7)

7.5 7.5 Performance Based Option:Performance Based Option:
 Demonstrated equivalent performance in Demonstrated equivalent performance in 

bothboth energy costenergy cost and and COCO22 equivalentequivalent
compared to if using the Prescriptive pathcompared to if using the Prescriptive path

ProposedProposed  Mandatory +Mandatory +Proposed Proposed  Mandatory +Mandatory +
Prescriptive PathPrescriptive Path

i i dii i diUsing Normative Appendix D Using Normative Appendix D 
“Performance Option for Energy “Performance Option for Energy 
Efficiency”Efficiency”

6565

EfficiencyEfficiency



Highlights for Energy (Section 7)Highlights for Energy (Section 7)

Performance Based Option:Performance Based Option:
 COCO22 equivalentequivalent compared to building compared to building 

designed to the Prescriptive pathdesigned to the Prescriptive path

National National 
(U S )(U S )(U.S.) (U.S.) 
based based 
numbersnumbers

6666
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Section 8Section 8
Indoor Environmental QualityIndoor Environmental QualityIndoor Environmental QualityIndoor Environmental Quality

 Key ItemsKey Items
-- Outdoor airflowOutdoor airflow
-- Tobacco smoke controlTobacco smoke control
-- Outdoor air monitoringOutdoor air monitoring
-- Filtration and air cleaningFiltration and air cleaninggg
-- DaylightingDaylighting
-- Thermal comfortThermal comfort
-- AcousticsAcoustics

6767



Comparison to LEED: Comparison to LEED: 
IndoorIndoor Environmental QualityEnvironmental QualityIndoor Indoor Environmental QualityEnvironmental Quality

NEW 
SLIDE



Indoor Environmental QualityIndoor Environmental Quality
8.3.1 IAQ8.3.1 IAQ

 Using Ventilation Rate Procedure onlyUsing Ventilation Rate Procedure only
8.3.1.18.3.1.1

 Outdoor air monitoring Outdoor air monitoring 
8.3.1.28.3.1.2

-- Permanently mounted, Permanently mounted, 
direct outdoor airflow direct outdoor airflow 
15% of 15% of minimum outdoor airflow  minimum outdoor airflow  

(Differs from LEED in that CO(Differs from LEED in that CO22 monitoring for densely occupiedmonitoring for densely occupied(Differs from LEED in that CO(Differs from LEED in that CO22 monitoring for densely occupied monitoring for densely occupied 
spaces not specified)spaces not specified)

-- Exception for constant volume air supply, Exception for constant volume air supply, 

6969

damper position feedbackdamper position feedback



Indoor Environmental QualityIndoor Environmental Quality
 8.3.1.3 Filtration8.3.1.3 Filtration

-- (a) Particulates (a) Particulates -- Minimum Minimum MERV 8MERV 8 upstreamupstream( )( ) pp
of wetted surfaces or to reduce PMof wetted surfaces or to reduce PM1010, , 
MERV 13 MERV 13 when designed to reduce PMwhen designed to reduce PM2.52.5

( d f d h d( d f d h d ))(Modifies and strengthens Std. 62.1 (Modifies and strengthens Std. 62.1 §§6.2.1.1)6.2.1.1)

-- (b) Ozone cleaners for outdoor air in building (b) Ozone cleaners for outdoor air in building 
projects located in high ozone areasprojects located in high ozone areas (O(Oprojects located in high ozone areas. projects located in high ozone areas. (Ozone (Ozone 
removal efficiency = 40%, per Std. 62.1 removal efficiency = 40%, per Std. 62.1 §§6.2.1.2)6.2.1.2)

-- (c) Filter frames air cleaner racks access(c) Filter frames air cleaner racks access(c) Filter frames, air cleaner racks, access (c) Filter frames, air cleaner racks, access 
doors sealed to eliminate bypass pathwaysdoors sealed to eliminate bypass pathways

7070

From Std. 62.1-2010



Indoor Environmental QualityIndoor Environmental Quality

 8.3.1.48.3.1.4
E i t l T b S kE i t l T b S kEnvironmental Tobacco Smoke Environmental Tobacco Smoke 
ControlControl
-- No smoking inside, with signageNo smoking inside, with signage
-- No smoking within 25 feet  (7.5 m) of No smoking within 25 feet  (7.5 m) of 

d i i kd i i kentrance, outdoor air intakes or entrance, outdoor air intakes or 
operable windowsoperable windows
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Indoor Environmental QualityIndoor Environmental Quality
Oth M d tOth M d tOther Mandatory: Other Mandatory: 
 Thermal ComfortThermal Comfort

-- Comply with Comply with Std. 55Std. 55
Sections 6.1 and 6.2Sections 6.1 and 6.2
(D i d(D i d(Design and (Design and 
Documentation)Documentation)

M t t tM t t t Mat systems at Mat systems at 
building entrancesbuilding entrances

 Envelop acoustical Envelop acoustical 
design (design (soundsound

7272

transmission rating transmission rating 
criteria)criteria)



Design for Thermal ComfortDesign for Thermal Comfort
NEW 
SLIDE

 A primary purpose of HVAC in the first A primary purpose of HVAC in the first p y p pp y p p
place!place!

 Standard 189.1 requires compliance withStandard 189.1 requires compliance with Standard 189.1 requires compliance with Standard 189.1 requires compliance with 
Sections 6.1 and 6.2 of Standard 55 Sections 6.1 and 6.2 of Standard 55 
(design and documentation)(design and documentation)(design and documentation)(design and documentation)

 NotNot maintaining adequate thermal comfort maintaining adequate thermal comfort 
is one primary reason why “is one primary reason why “good buildingsgood buildingsis one primary reason why is one primary reason why good buildings good buildings 
go badgo bad””
AA High PerformanceHigh Performance building canbuilding canA A High Performance High Performance building can building can 
become a become a Low Performance Low Performance buildingbuilding
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Indoor Environmental QualityIndoor Environmental Quality
OthOth M d tM d t A ti l C t lA ti l C t l

NEW 
SLIDE

Other Other Mandatory Mandatory –– Acoustical Control: Acoustical Control: 
 Exterior:Exterior: Envelope acoustical design for Envelope acoustical design for 

projects located near expressways, projects located near expressways, 
airports, or when yearly average sound airports, or when yearly average sound 
levels at property >65 decibelslevels at property >65 decibels

 Interior:Interior: Wall and floorWall and floor--ceiling assemblies ceiling assemblies gg
with specified sound transmission class with specified sound transmission class 
(STC) ratings in dwelling units, adjacent (STC) ratings in dwelling units, adjacent ( ) g g j( ) g g j
tenant or public spaces, classrooms and tenant or public spaces, classrooms and 
hotel or hospital/nursing home roomshotel or hospital/nursing home rooms

7474
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Indoor Environmental QualityIndoor Environmental Quality
NEW 
SLIDE

Prescriptive Option (Prescriptive Option ( 8.4)8.4)::
 Side Side daylightingdaylighting

-- Offices and classroomsOffices and classrooms
-- Min. window sidelighting effective apertureMin. window sidelighting effective apertureg g pg g p
-- Minimum visible reflectance of interior Minimum visible reflectance of interior 

surfacessurfaces
-- Exceptions for ‘dark rooms’,Exceptions for ‘dark rooms’,

facades closely adjacent to facades closely adjacent to 
other buildingsother buildings
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Indoor Environmental QualityIndoor Environmental Quality
NEW 
SLIDE

Prescriptive Option (Prescriptive Option (contcont..))::
 Office space shading, with projections or Office space shading, with projections or 

other techniques (E,W,S)other techniques (E,W,S)
projection factor projection factor ≥0.5≥0.5
-- Louvers, light shelves, etc.Louvers, light shelves, etc.
-- SelfSelf--shading shading 

 Exceptions:Exceptions: Exceptions:Exceptions:
-- Translucent panelsTranslucent panels
-- Direct solar <250 hrs/yrDirect solar <250 hrs/yr
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Direct solar <250 hrs/yrDirect solar <250 hrs/yr



Indoor Environmental QualityIndoor Environmental Quality
NEW 
SLIDE

Prescriptive Option (Prescriptive Option (contcont..))::
 8.4.2 8.4.2 MaterialsMaterials

-- Adhesives and sealantsAdhesives and sealants
-- Paints and coatingsPaints and coatingsPaints and coatingsPaints and coatings
-- Floor covering materialsFloor covering materials
-- Composite wood andComposite wood andComposite wood and Composite wood and 

agrifiberagrifiber productsproducts

 VOC Exception:VOC Exception: VOC Exception:VOC Exception:
Plastic piping cleaners,Plastic piping cleaners,
cement, primerscement, primers

7777

ce e t, p e sce e t, p e s
HVAC air duct sealants appliedHVAC air duct sealants applied
<40<40ººF (4.5F (4.5ººC)C)



Indoor Environmental QualityIndoor Environmental Quality
NEW 
SLIDE

Performance Option (Performance Option ( 8.5)8.5): : 
 DaylightingDaylighting simulationsimulation

-- Office space and classroomsOffice space and classrooms
-- Minimum Minimum illuminanceilluminance target: target: 

300 300 luxlux (30 (30 fcfc) on work surfaces in 75% of ) on work surfaces in 75% of 
daylight zone at noon equinoxdaylight zone at noon equinoxdaylight zone, at noon equinoxdaylight zone, at noon equinox

 Direct sun limitation on office Direct sun limitation on office worksurfaceworksurface
Direct sunlight onDirect sunlight on worksurfaceworksurface <20% of occupied<20% of occupied Direct sunlight on Direct sunlight on worksurfaceworksurface <20% of occupied <20% of occupied 
hours on equinox dayhours on equinox day
((worksurfaceworksurface = 2.4 feet [0.75 m] above floor)= 2.4 feet [0.75 m] above floor)
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Construction and Operation PlansConstruction and Operation Plans
OVERVIEWOVERVIEWOVERVIEWOVERVIEW

All Mandatory Provisions:All Mandatory Provisions:
 10 3 1 Construction10 3 1 Construction 10.3.1 Construction10.3.1 Construction
 10.3.2 Plans for Operation 10.3.2 Plans for Operation 

7979



Construction and Operation PlansConstruction and Operation Plans
OVERVIEWOVERVIEW

10.3.1 Construction10.3.1 Construction

OVERVIEWOVERVIEW

 Building acceptance testingBuilding acceptance testing
 CommissioningCommissioninggg
 Erosion and sediment controlErosion and sediment control
 Indoor air qualityIndoor air quality Indoor air qualityIndoor air quality
 Moisture controlMoisture control
 Construction vehiclesConstruction vehicles

8080



Construction Requirements (Construction Requirements (contcont.).)
10.3.1.2 Building Project 10.3.1.2 Building Project 
CommissioningCommissioninggg

 Full commissioning for Full commissioning for 
>500 m² (5,000 ft²)>500 m² (5,000 ft²)>500 m  (5,000 ft )>500 m  (5,000 ft )
-- HVAC, building envelope, lighting, irrigation, HVAC, building envelope, lighting, irrigation, 

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

 Designate Designate CxACxA
Develop OPR and Basis of DesignDevelop OPR and Basis of Design

Doing full Cx
process also 

 Develop OPR and Basis of DesignDevelop OPR and Basis of Design
 Design reviews at 50% and ‘final’ Design reviews at 50% and ‘final’ 

satisfies the 
Building 
Acceptance 
Test

8181

construction documentsconstruction documents
Test 
requirements



NEW 
SLIDE

Discussion: Should commissioningDiscussion:  Should commissioning 
be mandatory regardless of 

building size?building size?

8282



Construction Requirements (Construction Requirements (contcont.).)
CommissioningCommissioning
 Activities prior to occupancyActivities prior to occupancy Activities prior to occupancyActivities prior to occupancy

-- Verify installation, verification of operationVerify installation, verification of operation
-- Verify system manual including O&MVerify system manual including O&M-- Verify system manual, including O&MVerify system manual, including O&M

documentationdocumentation
-- Verify training done per owner’s requirementsVerify training done per owner’s requirementsVerify training done per owner s requirementsVerify training done per owner s requirements

Exception for seasonal 
dependant system operationsdependant system operations,
Required to be done when 
system can be fully 

8383

demonstrated
NEW 
SLIDE



Construction Requirements (Construction Requirements (contcont.).)
CommissioningCommissioning
 Systems involved:Systems involved: Systems involved:Systems involved:

-- HVAC, IAQ and refrigerationHVAC, IAQ and refrigeration
-- Building envelope (thermalBuilding envelope (thermal-- Building envelope (thermal, Building envelope (thermal, 

moisture integrity, pressurization)moisture integrity, pressurization)
-- Lighting and shading controlsLighting and shading controlsLighting and shading controlsLighting and shading controls
-- Irrigation, plumbing, domestic waterIrrigation, plumbing, domestic water
-- Renewable energy systemsRenewable energy systems-- Renewable energy systemsRenewable energy systems
-- Energy and water measuring devicesEnergy and water measuring devices

8484
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Integrated 
Commissioning 
P ocess
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Process

NEW 
SLIDE



Construction Requirements (Construction Requirements (contcont.).)
10.3.1.4 IAQ Construction Mgmt10.3.1.4 IAQ Construction Mgmt

 Develop and implement an IAQDevelop and implement an IAQ Develop and implement an IAQ Develop and implement an IAQ 
Construction Management Plan, to include:Construction Management Plan, to include:
-- Air conveyance materialsAir conveyance materials-- Air conveyance materialsAir conveyance materials
-- Permanent HVAC not used during construction, Permanent HVAC not used during construction, 

except for startup balancing commissioningexcept for startup balancing commissioningexcept for startup, balancing, commissioningexcept for startup, balancing, commissioning
-- FlushFlush--out out oror baseline IAQ monitoringbaseline IAQ monitoring
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Construction Requirements (Construction Requirements (contcont.).)
IAQ Construction Management IAQ Construction Management 
 PostPost--construction preconstruction pre--occupancyoccupancy PostPost construction, preconstruction, pre occupancy occupancy 

1.1. FlushFlush--out: Temp >60out: Temp >60º F (15 C), RH ≤60%º F (15 C), RH ≤60%

2.2. Baseline IAQ Testing for 34 contaminantsBaseline IAQ Testing for 34 contaminants
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10.3.2 Plans for Operation10.3.2 Plans for Operation

1.1. High Performance Building OperationHigh Performance Building Operation
-- Site SustainabilitySite Sustainability
-- Water Use EfficiencyWater Use Efficiency
-- Energy EfficiencyEnergy Efficiency
-- Indoor Environmental QualityIndoor Environmental QualityQ yQ y

2.2. MaintenanceMaintenance
33 Service LifeService Life3.3. Service LifeService Life
4.4. Transportation ManagementTransportation Management

8888



Monitoring, Monitoring, 
Measurement and VerificationMeasurement and Verification

NEW 
SLIDE

Measurement and VerificationMeasurement and Verification

 During building design process, only can During building design process, only can g g g p , yg g g p , y
ensure the following:ensure the following:
-- Tools are in place to do necessary monitoringTools are in place to do necessary monitoringp y gp y g
-- Operational planning is done (what and how)Operational planning is done (what and how)

““You can lead a horse to water… but can you You can lead a horse to water… but can you yy
make it drink? make it drink? ””

For the High-Performance Building Designer:
Follow the Standard 189.1 requirements for 
monitoring devices and developing “plans for 
operation”

Investment in monitoring devices beyond the 

8989

minimums set in Standard 189.1



High Performance Building High Performance Building 
Operation PlanOperation Plan

NEW 
SLIDE

Energy EfficiencyEnergy Efficiency

Operation PlanOperation Plan

1.1. Initial measurement & verification (M&V)Initial measurement & verification (M&V)
-- Using energy measurement devices specified Using energy measurement devices specified 

in Section 7in Section 7

2.2. Procedures to track and assess energyProcedures to track and assess energygygy
I.I. Hourly load profileHourly load profile
II.II. Monthly average daily load profileMonthly average daily load profiley g y py g y p
III.III. Monthly and annual energy useMonthly and annual energy use
IV.IV. Monthly and annual peak demandMonthly and annual peak demand
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IV.IV. Monthly and annual peak demandMonthly and annual peak demand



NEW 
SLIDE

Discussion: What is needed to set 
up and implement this energyup and implement this energy 

efficiency and usage plan?

9191



High Performance Building High Performance Building 
Operation PlanOperation Plan

NEW 
SLIDE

Indoor Environmental QualityIndoor Environmental Quality
Outdoor airflow monitoringOutdoor airflow monitoring

Operation PlanOperation Plan

 Outdoor airflow monitoring Outdoor airflow monitoring 
-- Equipment verified using handheld Equipment verified using handheld 

devices or permanent stationsdevices or permanent stationsdevices or permanent stationsdevices or permanent stations
-- Procedure to react if 15% lower thanProcedure to react if 15% lower than

minimum outdoor airflow rateminimum outdoor airflow rateminimum outdoor airflow rateminimum outdoor airflow rate
 Indoor air quality Indoor air quality 

ll ’’-- Air cleaning Air cleaning equipm’tequipm’t in nonin non--attainment areasattainment areas
-- Biennial monitoring through testing, occupant Biennial monitoring through testing, occupant 

ti l i t/ti l i t/
9292

perception or complaint/response programsperception or complaint/response programs

 Green cleaningGreen cleaning



NEW 
SLIDE

Discussion: What are options for 
sensing outdoor airflow and forsensing outdoor airflow and for 

responding to ‘low flow’ readings?
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Planning for MaintenancePlanning for Maintenance
NEW 
SLIDE

 Design for Design for ease of maintainability ease of maintainability 
of building systemsof building systems How would you changeHow would you changeof building systemsof building systems

 Prepare building Prepare building MaintenanceMaintenance
PlPl th t li ithth t li ith

How would you change How would you change 
these lights?these lights?

Plan Plan that complies withthat complies with
ASHRAE Standard 180 for ASHRAE Standard 180 for 

h i l l t i lh i l l t i lmechanical, electrical, mechanical, electrical, 
plumbing and fire protectionplumbing and fire protection

ttsystemssystems
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High Performance Building High Performance Building 
Operation PlanOperation Plan

NEW 
SLIDE

Maintenance PlanMaintenance Plan

Operation PlanOperation Plan

 HVAC, electrical, plumbing HVAC, electrical, plumbing -- Standard 180Standard 180
 Documentation of the Plan via electronic Documentation of the Plan via electronic 

storage and Maintenance Manualsstorage and Maintenance Manuals
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High Performance Building High Performance Building 
Operation PlanOperation Plan

NEW 
SLIDE

Service Life PlanService Life Plan

Operation PlanOperation Plan

 Maintenance and repair on structure, Maintenance and repair on structure, 
envelope and envelope and hardscapehardscape
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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
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