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Overall Outline

What IS “green” and why do It?
Sustainable design examples

USGBC LEED and other green rating
systems

Design technologies focus
ASHRAE'S recent effonts
Standard 189.1 (prepesed)
Energy design goals (= Net zero buildings)
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What Is a “Green Design™ or
Sustainable Design?

ASHRAE GreenGuiae prevides one
definition fer sustainalle buillding design:

LS ILIZLOIILY [SLfE araviclific) OF ff)E
[IEEC)/S Of ff]eh Orese) e WLl
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the needs of the future”
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/S It JUSL as easy:as putting up: a sigmn?

N 5 L‘-_Ja\‘.'_..w| -
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_ Gettmg Greeng,

/4 Green Community
= where Iving comeas naturally

EVery preblem Is
JUst an eppertunIity
In disguise
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Environmental Impact of
Buildings in U.S.*

65.2%) of total U.S. electricity consumption
> 36% of totall ULS. prmary energy. Use
30% ofi totall U.S. greenhouse gas emissions

136 million tons; of construction and demolition
waste in the U.S. (apprex. 2.8 Ibs/person/day)

12% off petable water in the U.S.

40% (3! billien: tens annually); eff raw: materals
use glehally

* Commercial and residential
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Economic mitigation potential by sector in 2030
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Peak Oil and Energy Costs

THE GROWING GAP
Oil Discovery and Production

1 Past Discovery
1 Future Discovery
- Production

Past discovery based
on ExxonMobil (2002).
Revisions backdated

2050
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Sustainable Design
Examples Worldwide

EUIOPE....

Swiss Re -

Sustainable Design
Examples Weorldwide

Note: Building
Integrated PV

Sources:
IS OVErview,
1891- 12




Sustainable Design
Examples Worldwide
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Are Green Buildings “Mainstream™?

IS ‘Greenr only fier those whoi have te!
(manadated) or these withi corporate
MISSIon?

MceGraw-Hill' 2006 Smart-Market Report:
S50 HIghERGCCHPaREYIaLES, 826
higher rents, 7.5% Increase in
pUNdineValue e green::

15 ofi world's largest REITS develeped UN
PrINcIPIES Tor Resporsivler lnvestment:

“Real Estate Biz Getting Greener” Solar Today, July 2007




Green Building Rating Systems
(LEED and Other Programs)

Green Buildings Overview,
Standard 189 - 15

USGBC and LEED: Tepics

lCeadership inr Energy: and Envirenmental
Design

Overview: off LEED! programs moestly:
relevant tor ASHRAE and! its members

Resources; for LEED

Green Buildings Overview,
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LEED Pro. Frams

* under development as of September 2006

*@

' New Construction |

and Major

Renovations

Existing ‘
Buildings

Commerdal
Interiors

® @

Neighborhood
. Development*

I.EED fw

=

LEED for Multiple

@ Also planned:

healthcare, retail, laboratories (New Construction);
High Performance Operations

LEED for Schools

@

LEED for Retail*

\\/ater Efficiency.
indoor Envirenmental Quality
Sustainable Sites

Eive Categories

Energy & Atmosphere
REspUrces; & Materials

- WISER

Green Buildings Overview,
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LEED®-NC Point Distribution
LEED credit categories (LEED 2.2)

Innovation in Design
7% Sustainable Sites

20%

Water Efficiency
7%

Materials & Resources Energy & Atmosphere
19% 25%

Green Buildings Overview,
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5 Sustainable Design Categories.” _

Sustainable Site Planning 8 credits / 14 points

*Water Conservation and Efficiency 3 credits / 5 points
*-Energy and Atmosphere 6 credits / 17 points

*Materials and Resources 7 credits / 13 points
ik-lndoor Environmental Quality 8 credits / 15 points

LEED™ Rating System total core points 64
innovation points 4

— Silver Level 33-38 points @gn_mpo—mtsl
— Gold Level 38-51 points TOTAL POSSIBLE 69

— Platinum Level 52+ points prerequisites required 7

— Certified Level 26-32 points

Green Buildings Overview,
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Energy and

Atmosphere

Prerequisites

 Building Systems
Functional Commissioning -
e Minimum Energy Performance =88 -
» CFC Reduction in Equipment L
Credits ;

1. Optimize Energy Performance

2. Renewable Energy

3. Additional Commissioning

4. Elimination of HCFC’s & Halons

5. Measurement and Verification

6. Green Power Green Buildings Overview,

Standard 189 - 21

Energy Perfermance Determination
Minimum; levell (prereguisite)
Comply withr ASHRAE Standard 90.1-2004

E@r credits: Three eptions
I Whole building simulation (90:1-2004 App. G)

New Buildings Existing Building Renovations

Ao =0
TORT

14% 7%
17.5% 10.5%
21% 14%
24.5% 17.5%
28% 21%
31.5% 24.5%
35% 28%
38.5% 31.5%
42% 35%
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Energy Performance (Cont’d)
Three options (cont'd)

(') Prescriptive measures in ASHRAE'S AV
Enerqy: Desigrn Guiae ior: Small Orice: Bulanigs
= 4 points

(1) Cemply withr basic criteria [[1475 (with' 3
exceptions, and prescriptive measures [7] in
Aavancead Bundinas Benchmank, Version
1.1, Jan. 2005 viom New Buildings Institute

= 1 roint

Green Buildings Overview,
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Energy: “Barriers to Implementation™

Barriers 1o using high efficiency: HVAC
egquipment arer moestly’ moet technical

Overcoming e

Journal,

Barriers to Efficiencyf s

By Thomas M. Lawrence, Member ASHRAE, Jeffrey D. Mullen, Douglas 5. Noonan, and Jay Enck

Building ewnership

Capital constraints; cost amortization
Planning herizen

Full’ cost te seciety not accounted for:

Green Buildings Overview,
Standard 189 - 24




EA Credit 2: Renewable Energy.

Must be generated on=site

O Baseline
B3 LEED pts
02 LEED pts
01 LEED pt

% of Total Bldg Electrical Energy

Green Buildings Overview,
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EA Cr 3: Additional Commissioning

Contract for enhancead Cx (as described in
the Reference Guige).. Tie mclude:

Review of Owner's Project Req'ts, Basis of
Design, submittals

Develop systems (operations) manual
Verify: training completion

Review! building eperation within: 10 menths of
‘substantial completion?

Green Buildings Overview,
Standard/ 189/ - 26




EA Cr 5:
Measurement & Verification

Develop and implement (ferminimum: of 1
\Vear pPest-construction) a plan that complies
with IPVIVP

Green Buildings Overview,
Standard/189/- 27

Indoor Environmental Quality
Prerequisites
Minimum Indoor Air Quality Performance
(Standard 62.1-2004)
*Tobacco Smoke Control
Credits
1. Outdoor Air Delivery Monitoring
2. Increase Ventilation

3. Construction IAQ Management Plan
4. Low Emitting Materials

5. Indoor Chemical and Pollutant Source Control
6. Controllability of Systems

7. Thermal Comfort
8. Daylight and Views

Green Buildings Overview,
Standard/189/- 28




IEQ: Outdoor Air Monitoring (EQ Cr. 1)

Moenitor CO» concentrations, 3 to) 6 feet off
fleor 1 densely (>25 people/1000 1it=) and
naturally, ventilated spaces

[FOr other areas, monitor eutdeor: air flew: to
ensure 62.1-2004¢ levell compliance

Generate alamm (BAS, lN

Operator or eccupants). -

signaling whemn out of ARt W
setpoint or min. outdoor - <u 155 =~
alr requirement (e

Green Buildings Ove =z
Standard/189 -

Managing I1EQ During Censtruction

Material Sterage: and! Protection
Ventilation: Durngl Censtruction
Pust Control '
Materal Selection

Tiesting| & Commissioning

“Ofif-gassing” Prior te
Occupancy.

Green Buildings Overview,
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Construction IAQ Management:
CEQ Cr 3.2 - Before Occupancy

Optien 1: Elushr out per speciiied: critera

14,000 ft= off eutdeor air per sg. ft. while
maintaining ' = 60 E and RHI< 60%

Optien 2: Air testing (added fiushr out Iif
needed)

Green Buildings Overview,
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IEQ: Thermal Comfort

Cr 7.1: Design
Meet ASHRAE Standard 55-2004" and
demonstrate compliance

Cr. 7.2: Verification

Survey: eccupants; 6 te) 1.8 montns after
OCCUPANECY;

Agree te) corrective action plani i >20%
dissatisfied

Green Buildings Overview,
Standard/189/- 32




\Where are all the LEED projects?

May: 2007 LEED-NC 4,800 tetal, 600 certified *
Aug 2007: 8,858 total LEED projects 2
1,040 certified! (12%)
Wi Project time: lag can not explain all of these

Cemmon characteristics ofi successiul LEED
project

1. Team buy-in and- shiiit 1 approach

2. Team leadership o YUdEls0n), Y,

: - DEs/gr & CorstUcloNn,
2 Sustalnan|e Facity;, Oct: 2007 Tl 2007

Green Buildings Overview,
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To LEED or Not to LEED? e
Fiy

Generallzatiorns::
LEED: primarily intended for the tep 25%
off the building market

Green Glohes leoking for the other 75%
ASHRAE Standard 189.1 — We’ll'see ...

Green Buildings Overview,
Standard 189 - 34




ASHRAE’s Response

Green Buildings Overview,
Standard 189 - 35

Who Said This?

“Overshadowing everything else is the
question of conservation of natural
resources. For how much longer are
we going to waste ... resources to save
first-cost only of buildings?”

S.R. Lewis, President ASHVE, 1914

Green Buildings Overview,
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ASHRAE's Response

Technical Committees (2.8), others)

INew: prepoesed Standard 189" “Hig/
Periormarice Greemn Bunanmgs::

INew! preposed: Standard 191 en Water use
ASHRAE Paolicy for Energy: Use: Intensity
ASHRAE Climate Change Poelicy statement
Advanced Energy. Design Guides

The GreenGuide

Green Buildings Overview,
Standard/ 189/ - 37

ASHRAE Standard 189.1

Overview. of preposed ASHRAE Standard
189.1 fer “High-Perfermance, Green

B u i I d i n g S, , BSR/ASHRAENUSGBC/IESNA Standard 189P
\What Is [t? Public Review

Draft
Why h EAS It? ASHRAE?® Standard

Sta‘tus Proposed Standard 189,
NE—— . S Standard for the Design of
. = High-Performance Green
H | g h I Ig htS Buildings Except Low-Rise
Residential Buildings
First Public Review (May 2007)

Green Buildings Overview,
Standard/189/- 38




STANDARD 189.1: Intent

What Standard 189.1 |s:

- @ standard (/e uses e word. green: o
convey/ e, tieres: 1o, ¢lali o
sustalIaniny)

Intended fier adoption Inte buillding codes

What' Standard 189.1 Is not:
- pot a design guide
- Not a rating system

Even if not adopted by local authorities,

this Standard is an ing(geq Qﬁﬁé?n@sfcf\fér%@? trends

Standard 189 - 39

Why Is this Needed?

Localities are heginning te adept “green
pullding™ as: a reguirement

Some. use LEED certification (to some: level)
Others| are more vague

Intendeadl te fill'a gap n; evelving bullding
codes

ASHRAE partnership withf USGBC, IESNA,
and willf e sulbmitted for ANSI approval

Green Buildings Overview,
Standard 189 - 40




Organization and What 1t Covers
Similar to LEED and other ASHRAE standards

ASHRAE/TUSGBC/IESNA Standard 189,
Standard for High-Performance Green Buildings
Except Low-Rise Residential Buildings

SECTION

Foreword

L R T L = e L O N

Purpose \lzlnlelzito)nY

Seope Prescriptive
Definitions, Abbreviations, and Acronyvms p

Administration and Enforcement Pe I’fO rmamnce
Sustainable Sites

Water Use Efficiency

Energy Efficiency

The Bulding's Impact on the Atmosphere. Matenals and Resources

Indoor Environmental Quality (IEQ)

10 Construction and Operation

11 Normative References

Standard 89 - 44

Status
45-Day public review: period May=July.
064 total comments received

189.1 committee met Augl 16-17 andl Oct
22-23 10 discuss the comments
Still a work In' process

279 public review: draft is coming
~March 1. — April 15, 20085 27¢ public review.

—May' — commitiee Begins to review: Comments
Fall' 2008 ASHRAE Standard and ANSI approval

Green Buildings Overview,
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Highlights of Standard 189.1

EREray:

Goal Is 30% less; than Standard 90.1-2007
INGCILEOPING PROGESS [LOADS

Appendix G from Standard 90.1 s
incorporated as a Nemmative Appendix

Metering fer verification
Peak lead reduction

Green Buildings Overview,
Standard/ 189/ - 43

Highlights of Standard 189.1

Energy. (continued):
Mandatery Reguirements:

“Energy Star” rated eguipment and
appliances

Communicating sulsmeLering ol key.
systems (criteria based on size)

ORESILE FEREWAIIE POWEN: SY/STEemISWith
peak electrical generation 1% of: service lead

Exception allewed is 100% solar et water;
heating, or generate 2.5% ofi peak power

Green Buildings Overview,
Standard 189 - 44




Highlights of Standard 189.1

Energy: (continued):

Prescriptive Option:

Eowerlightiing pewWerrdensity; expand
@CcUpancy: Senser control

Increased requirement oK ECONOMIZErs and
Velflzlo)le s oeeel Coplifo)ls

Climate Zones Cooling Capacity for Which an
Etunomlzel is Required
H 1B, 2A | No Economizer Requirement | Requirement

=97 kW (35.000 Bru/'hy

SHGC , East & West Wlndow area combination
lImiis for climate zones 1-4 (west only in 5-6)

Green Buildings Overview,
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Highlights of Standard 189.1

Energy. (continued):
Performance’ Based Option:

Demoenstrated savings; in: boeth energy and
COz equvalent for compliance

Green Buildings Overview,
Standard/ 189/ - 46




ASHRAE Energy Goals

3gggéft2-yr __ Energy Reduction Proposal
°
A N
L .\
_ \E\\.
S |
: \ —
X ~0
> | N\
(@]
o \
c
Ll
\
| \ | N
2010 2015 2020 2025 2030

Year

— 409,000 kJ/m=2-yr

{ -®-Standard 90.1

| —+~AEDG

1 -®-ASHRAE BOD Goal

-=-Standard 189

Highlights of Standard 189.1

Materials:

Mandatery:

CEC refrigerant restrctions
Bliert 6% Of flOfl-fIz1Zz1(ElL]S

COYISHUCHOINWASIE dlia. G eiotioEaEnIis,
Prescriptive Option:

Minimum 10% recycled content, (Cost)
Biohased products

Performanc

e Option:

Life Cycle Assessment per 1SO 14044

Green Buildings Overview,
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Highlights of Standard 189.1

Indooer Environmental Quality:

Mandatery:

S WIS SIAE A0 624~ 2002 0600
zZlifle L el effiess zipje) elzlss relerr)s
(Clifrziie Zar)e e e didf)s)

CO» moenitering for systems serving only
densely eccupied spaces) (lower threshoeld for:
GErsely;. OccUpIed) JiablIe 1oy actior IEVEls

Outdoor airflew monitering It systemi includes
non-densely occupied spaces

Green Buildings Overview,
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Highlights of Standard 189.1

Indoor Envirenmental Quality:

PhReschipLive OpLenRE

Side daylighting| for offices andl classreoms,
Withishading reguirements

Low: emitting materials
PERGINanCE ORUONRE
Daylighting simulation

Modeling to shew: compliance wiith CDHS
Section 1350

Green Buildings Overview,
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Highlights of Standard 189.1

Construction, Ocecupancy., O&M

Coemmissioning for prejects > 5,000 i
HVAGBUIdIneEnvelope; NIghng; IHTe e,
pItmMINGS deRESHEAVALEY, FEREWaIEr ERERQ),

Addition; efi moniterng equipment: fior

measurenment and verification
Walters enengy andiA®
VIV plansintplace

Green Buildings Overview,
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ASHRAE

GreenGuide ASHRAE

GreenGuide

Second edition v B The Design, Construction,

and Operation of

released Oct 2006 . Sustainable Buildings
New: chapters, on: o

LEED) process

Building IEQ and
interaction
with' local environment

New: Green Tips
Reorganized

Green Buildings Overview,
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Thank you!

Comments,, guestions, CONCENS, aavice. ...

Dr. Tom Lawrence, P.E., LEED-AP

Green Buildings Overview,
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Example Technology Areas for Focus

and Current Trends
\Ventilation methods:

Dedicated Outdoor Air Systems (DOAS)
Displacement, Underfieor ventilation
Demand-contrelled

Peak lead reduction, part-lead design
\Water conservation and reuse

Solai het wWater

Green reofs

Integrated design process

Green Buildings Overview,
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Example Technology Areas for Focus

and Current Trends
Ventilation methods:

Dedicated Outdoor Alr Systems (DOAS)
Displacement, Underfioer ventlation
Demand-contrelled

Peak lead reduction;, part-lead design
Water conservation and reuse

Soelar ot Water

Greeni or cool reofs

Integrated design process

Green Buildings Overview,
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Green Tip #11:

1 o Al Cuctoms

Outdoor DOAS Unit Aspiration

Diffuser
s Recovery

H Building
Parallel Sensible With

Cooling System Sensible and
Latent
cooling
decoupled

Source: Stanley A. Mumma,
Ph.D., P.E.

Green Buildings Overview,
Fellow ASHRAE Standard 189 - 57

Green Tip #10:

< viantilation

Werks well 1 schoel classreom,, lecture: hall,
auditeriun, large epen: area

INot exactly: the same as Unaderfioor Al

striution UEAD
""“";\.\‘ N s School Case Study
Rend e e

memtiings Overview,
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Underfloor Air Distribution

Raised EFleoras Supply Air Plenum; |

Deliver 65° E (18 C) Supply: Air }

Eveny Workstation; has Conitrol

Al Velumes and Pressures Reduceds
Convection I1siWorking Withr Air: Elew,

Displacement Ventilation Concept
Improved Acoustics

Improeved IAQ
Reduced HVAC Energy

Green Buildings Overview,
Standard189/- 59

Green Tip #12:

1 Viawdilatinn

Demand-Gontrolled ssrinsE soura
- - - - ecemuper
Ventilation and Sustainability

P rO By Tom Lawrence, Ph.D., PE., Member ASHRAE

Reduces building’s energy use through not
conditioning ‘unnecessary’ outdoor air

Maintains adequate ventilation
by monitoring = 17:

O, Sensor
(Alternate
Location 2)

Additional first cost _ . o
Sensors need calibration "

Green Buildings Overview,
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Example Technology Areas for Focus

~and Current Trends
Ventlation methods:

Dedicated Outdoor Air Systems (DOAS)
Displacement, Underfloer ventilation
Demand-contrelled

Peakilead redichien; partsiead design
\Water conservation and reuse

Soelar hot water

Green or cool reefs

Integrated design process

Green Buildings Overview,
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Peak Load Reduction

Reducing peak pewer demand Is beneficial
10 the envirenment (and can significanily.
reduce energy’ costs)

Eirst step: Reduce overallflead
TThermal energy. storage

Typical Electrical Load Make-up Electrical Load Profile with Thermal Storage

Paak Load
o .

".

peak by 222 Cooling ." Lighting \\h-u‘

600 kW zm}_

Base Load Base Load

12pm

T
COFF PEAK CFF tF‘F_'.l'-ld". PEAK OFF FS‘?EAK

$$$$ : : $55$




Differential Pressure Across Fan (" H20)

w
3

w

N
w0

N
I

=
w0
s

=
I

[t
o1

o

Part-load Focus

Site 1 Monitored CFM vs DP from 12/20/01 to 9/16/02
(with perfect system curve and likely actual system curve) Fan

+ Actual Data /
Perfect System Curve (i.e. SP reset) SyStemS

W Design Point (145,000 CFM at 4.0") //
— —Likely Actual System Curve (No SP Reset) Ch | I Ie rs
. .
*
*

o

20,000 40,000 60,000 80,000 100,000 120,000 140,000
Total CFM (SF-1 + SF-2)

Green Buildings Overview,
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Example Technology Areas for Focus

and Current Trends
\/entilation: methods:

Dedicated Outdoor Air Systems (DOAS)
Displacement, Underfloer ventilation
Demand-contrellied

Peak lead reduction, part-lead design
Water conservation and reuse
Solar hot water

Green or cool reofs
Integrated design process

Green Buildings Overview,
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Example of Reuse

Coverdell Veterinany: Research building,
UGA campus

Cempleted summer
2005, Cx summer, fall
2005 along with izl
@ccupancy, dedicated
py George Bush (Si)
spring 2006

Green Buildings Overview,
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Coverdell Water Conservation

“Inputs”
RoOf rainwater collection
AHU condensate collection

Building perimeter sumjp water collection

“Outputs” Condensate Water Collected
~ 750,000 gallons per year

TOilet ﬂUShing (not including rain, sumps)

Incremental additional cost

Cooling tower Mmakeup: FREXEs

Green Buildings Overview,
Standard/ 189/ - 66




Example Technology Areas for Focus

and Current Trends
\/entilation: methods:

Dedicated Outdoor Air Systems (DOAS)
Displacement, Underfloer ventilation
Demand-contrelled

Peak lead reduction, part-lead design
\Water conservation and reuse

Soelar hot water

GHEEN OF COrINeoIS

Integrated design process

Green Buildings Overview,
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Green Roofs or Cool Roofs

Green Buildings Overview,
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Technology Comparison

Green Roof versus ‘Cool’ Roof
Property.

Green Roof

Cool Roof:

Decrease roof temperature

v

v

Improeve reof surface life

v

v

Impact on cooling lead

Impact en heating lead

Building structural concern

Improeved stermwater:
management

Urban heat island' effect

Cost

Green Buildings Overview,
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