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Shanti Pless is a Senior Research Engineer at the National Renewable Energy Laboratory (NREL) focusing on
applied research and design processes for commercial building energy efficiency and building-integrated
renewable energy. He chaired project committees for three of the Advanced Energy Design Guides targeting 50%
energy savings, including guides for K-12 schools, medium to big box retail buildings, and large hospitals. He
currently manages the Whole Buildings Systems Integration section in the NREL Commercial Buildings Research
Group.

Bing Liu, P.E., is a Chief Research Engineer at Pacific Northwest National Laboratory (PNNL) with more than 17
years of experience in sustainable building design and analysis, energy efficiency analysis and simulation, and
high-performance building metering and measurement. Ms. Liu is a program manager overseeing PNNL's Building
Energy Codes Program. She also chaired the project committee to develop the first Advanced Energy Design
Guide book targeting 50% energy savings for small to medium offices.
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Presentation Overview ENERGY Energy Efficiency &

Renewable Energy

 AEDG Overview

* 50% AEDG Content
Details

e 50% AEDG
Recommendation

Overview

* 50% AEDG Energy e,
Modeling Analysis

* Q&A
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What IS an AEDG? ENERGY Renewable Energy

 Developed in collaboration
with ASHRAE, AIA, IES,

USGBC, DOE
o fAce Advanced Energy Design Guide
Two series: for Small to Medium Office Buildings

o Original series targeted 30% Achieving 50% Energy Savings
i Toward a Net Zero Energy Building
savings over 90.1-1999 ' rgy Building

o Current series targets 50%
savings over 90.1-2004
* Educational guidance—not
a code or standard

 Available for free as a PDF
download from
www.ashrae.org/freeaedg

buildings.energy.gov
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http://www.ashrae.org/freeaedg

Ground Rules for Prescriptive Path (50%) ENERGY | ety Efficiency &

GY Renewable Energy

 Products must be available from at least two manufacturers

e Systems must be within first cost range of conventional
systems

e Savings are determined based on modeling using Standard
90.1-2004 as the base case

e All systems and products must be compliant with Standard
90.1-2010

e Systems must provide compliance with Standard 62.1-2010
and ASHRAE 55-2010
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AEDG Partnership ENERGY | Ereroy Eficiency &

Renewable Energy

* Collaboration of professional
organizations and DOE

e Specialized Project Committee
(PC) for each AEDG

e Qversight is provided via an
AEDG Steering Committee (SC)

* Backed by DOE national
laboratory leadership, energy
simulation, technical analysis,
and support

 QOpen peer review and
commentary process

6 | Building Technologies Program buildings.energy.gov



U.5. DEPARTMENT OF Energ-},r EfﬁCiEﬂC'}" &

Development PFOCESS ENERGY Renewable Energy

 SC with members from ASHRAE, AIA, IES, USGBC, DOE

o Oversee all AEDGs
o Members review but do not contribute directly to the guide
e PC with members from ASHRAE, AIA, IES, USGBC, DOE

o Leaders in their field, design or work with high-performance
buildings
o Contribute directly to AEDG (main authors)

o Volunteers

buildings.energy.gov
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Published AEDGs

U.S. DEPARTMENT OF EI"IEI'Q'}I’ EfﬁGiEHC}" &

ENERGY Renewable Energy

* 30% guides
o Small office buildings
o Small retail buildings
o K-12 school buildings
O

Small warehouse and self-
storage buildings

Highway lodgings
o Small hospitals and healthcare
facilities
* 50% guides
o Small to medium office (SMO)
buildings
o K-12 school buildings

o Medium to big box retail (MBR)
buildings

o Large hospitals (LH)
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Advanced Energy Design Guide
for K-12 Schoal Buildings

Advanced Energy Design Guise Advanced Energy D
for Medium to Big Box Rotail Buildings far Large Hespitals

esign Goide

buildings.energy.gov



TSDs and AEDGs ENERGY Energy Efficiency &

Renewable Energy

 The national laboratories (NREL
and PNNL) publish a technical
support document (TSD) as a
precursor to the AEDG. The TSD
contains:
o The technical analysis and resulting

design guidance to achieve energy
savings

o An analysis of cost effectiveness

e The AEDG expands on the TSD
analysis with how-to tips, case
studies, and details on how to
implement the design
recommendations

 Anupdated TSD is then published
that documents the development
of the AEDG
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Impact and Distribution ENERGY

Renewable Energy

e Asof Nov. 8 2012 Title and Quantity?

¢} 466,607 COpieS in circulation? Small Hospital & Healthcare: 30% h 35,448
— 444,057 electronic
— 22,550 print

* Promote worldwide building

Highway Lodging: 30% [ 24,588

Small Warehouses & Self-Storage: 30% _ 60,42

N

energy eff|c|ency K-12 School Buildings: 30% [ N 74,488
* Referenced in RFP specifications small Retail Buildings: 30% I c6/s07
* Influence small Office Buildings: 30% NG 99640

o ASHRAE Standard 90.1
o ASHRAE/USGBC/IES Standard

Large Hospitals: 50% . 7,338

189 1 K-12 School Buildings: 50% _- 15,638
° Alternat|ve Comp“ance path fOI‘ Small to Medium Office Buildings: 50% _— 41,328
LEED rat|ng System Medium to Big Box Retail Buildings: 50% F 18,461

1 Source: http://cms.ashrae.biz/aedgdownload/november2012/november2012.html
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AEDG Path to Market ENERGY Energy Efficiency &

Renewable Energy

Training

— — Owners
58 Standard 90.1 E _
Mdvenced ongy Desigs Geide e Architects
Building Designers
| Codes - > .
) é— Engineers
. | Standard 189 5 Contractors
(R Results
Market
AssessmentE
Report

Adoption

Greensburg New Orleans

AEDGs influence the market
through multiple paths

>450,000 in
Circulation
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30% AEDG Market Assessment ENERGY Energy Efficiency &

Renewable Energy

g,

ENERGY CENTER

OF WISCONSIN

* A majority of AEDG users rate the S

resource favorably in terms of

credibility, technical content, and neres cemer ot weeensn | EVALUATION OF THE
effectiveness in reducing energy use. NDER CONTRACT TO ESAI-IRI:E-EF LMDI:JP.;KILEETHE

. . ASHRAE. Inc.
The AEDGs are.used |r? 'c? _var.lety of ENERGY DESIGN GUIDES
ways, so ensuring flexibility is
Final Report

important to maintaining their value
over the long term.

March 2010

* Alarge number of users value the
AEDGs as a communications tool.

http://www.ashrae.org/File%20Library/docLib/Special%20Projects/AEDGPresentations/AEDG-30-percent-finalmarketreport_04_14_10.pdf
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AEDG 30% User Ratings ENERGY | ey Efficiency &

Renewable Energy

100%

90% A

—

70% A

60% -

50% A

40%

% of respondents

30% -

20% A

10% -

0% -
Credible Easyto obtain Technical content  Effective at reducing Well organized Flexible
detailed enough energyuse

B Strongly agree O Agree O Neither agree nor disagree B Disagree B Strongly disagree O No response
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ENERGY Renewable Energy

Guide Content Details

v
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-~ Energy Efficiency &

GU|de COntentS ENERGY Renewable Energy

 Foreword: Make the Non-Energy Case to Decision Makers
 Chapter 1: How to Use the Guide

* Chapter 2: Expanded Guidance on Integrated Design Process
and Strategies

e Chapter 3: Performance Targets and Whole Building Case
Studies

* Chapter 4: Prescriptive Recommendations by Climate Zone

e Chapter 5: How To Implement Recommendations (how-to
tips) and Technical Examples

15 | Building Technologies Program buildings.energy.gov



Guide Contents—Front Matter ENERGY Energy Efficiency &

Renewable Energy

Foreword Decision Maker Flow Chart

Staps for the Building Owner to Follow when
Using the Advanced Energy Design Guide

* Discusses other reasons to be
energy efficient (makes the non-
VR AAFEAD OV ST = Appoopriam AEDG

energy case)
o Better work environment L iyl e

©) Can be bU||d|ng type SpeCIfIC | . P Revow simita projects i he cass shuckes

— Enhanced shopping
environment for retail - P

— Enhanced learning

Salact e AEDGE) for yaur Dulkding Ty from

- Ircorprorate AEDG ecormmendalions in e RFP % T with REDG
Agk propogens how ey ussd AEDG ed A
Testommendalons and mads e ene case lor ¥ IE?& ! 4
BRIy AMAREE in fael proacts focammendatons

Fsgane dency famms. io implament AE D0
P U s D e ingcteg mnd appdcalion
of tha AETRG mesmmananions

. Conceplual Liesairry mbses.it irvingraied damign in Chapot 2 § PR
environment for K-12 schools Design Rt s s cont s ot ot 4506 | DG vecommmnisionn
. . | . il
— Bette_r patient environment for GRS |
hospitals S L‘.‘:H:E.“t’:”“w’““"“”““‘“‘“““ "

o Life cycle costs, operating costs -

Rreguesl reguie updales on progroes |owand AEDG # Wertficahon hat AEDER

O Other SUStainabiIity issues Construction :;“:Ihﬂlﬂhpﬂqﬂ!nlﬁdhtlhrﬁlcml :.'ﬂ?“lﬂlﬂ':;'.;‘l.l "
compromise AEDG goata COMImiSSOnng process )

(greenhouse gases, water, etc.)
o Marketing, public perception

| .

Werily that AEDHG recommsnasd Sysierms lurncion as S : -‘EE';‘“-H
e A I W recomenendabans
Operation Lveraga [he one-yoar sormanty poriod o address Achi '

ouestanding msuca = o ol dosign anengy

| .

16 | Building Technologies Program buildings.energy.gov



Guide Contents—Integrated Design

U.5. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy

Enorgy Goals By Design Phasa Checicl st

& checkdsl of he enemgy desgn goals for egch of the projed phases deamsed o ths chapiss may be 3 helohs ool ©r
tha demign b

Bebiecd thn cxvi imarm
= Inckudks sy goals inothe 5
= Lesegyiess—isckaleg propmsl arbekssd, aagnee
irﬂ vdtas drea s e mudunts

M!r.lm-rllll-
h:lmllrr'n‘.

= Ewelsin cantrbly o tha obmmunily
s Evolmin socess by pubc fnnsportaton

Dol bevdonal and spaitel rparemens
Defre snergy eloency srd budget benchmaris
Peppws e dﬂm-'rd cnsucton schedue

Y TS [ E——— . ——
Fﬁmmmhmm

First ousts e LCCA compariso b O cost budget |
k‘m aruulm;-pm m‘l‘m Uy " |De
Ardospaiead anmsl m wﬂummm

Shmple payback penod

Clam nrimsmsns sevrgs

Polnital sddiional LFSCET LEED pedngs sl Gesited in)
Enengy and Simcapheres Credd 1 o
Er;.—q- o ._.L.Tﬁ.ﬁ ket acharved Brmghon (e
e

“Aange of ightng evel achised femghou the yo
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“A way but not the only
way...” through the
prescriptive tables

A tutorial on the elements
of integrated design for
energy conservation

A description of required
design tasks for energy
conservation by design
phase

Stresses the importance of

energy modeling for design
of building not amenable to
tables

buildings.energy.gov



Guide Contents—Cost Control Strategies

Fey Design Sirategies for Controlling Capiial Costa
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U.5. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Guide Contents—Recommendation Tables

Insulation levels for opaque envelope
(roofs, walls, floors, slabs, doors)

Fenestration performance characteristics
and glazing amounts

Interior lighting power densities (LPDs)
Daylighting strategies

Exterior lighting recommendations

Plug load selection and control

Kitchen equipment selection and operation
Service water heating (SWH) equipment

Wastbules
¥ Confinuous air Barviers

ertcal ferastrabion
(il gresambly—NFRC raling)

Form-crivan daglghling ogion

Iinsulation onlrely above dedck
Solar reflactanca ndeol [SAL)
Mags (HC > 7 Bilul?

Sieal framed

Bakow-Jrade walls

Al primary viaRor Building enirane
Continuous air bariers

Window-io-wal ralo
Tharmal Irarsmittance

Solar heal gair copfficiant {SHET)

Lightin-solar gain ratio (LEG)
Exerion sar control

Al spaies

Dingnaostc ared realman bipck

Inpatian units

R-30.0 gl
Comply with Standand 90.1"
R-13.3 ¢k

RA3.0+R-158el

R-T5ei

R-1d.8ch

R-36.0
Comply with Standard 90.1
R-20 o 34 in

U-0.50

U060

Camply with Standand 90.1*
Entine buiding emaiops

A0% of nal weal (Moof-Csling )
Bonmetsl framing windows = 018
ekl Traming windows = (.42
Horenetal raming windows = 025
Medal Tramming windows = QIG5

All crienia@ions x 15

Soudts orwntation anly — PF = 0.5
Comply with LEED for Feallhcars credis
EQ 8.1 [daylightng) and BEQ 8.7 [wiews}

Shuapss the buiiding lootpeint ard fonm Such
st e aren wilhin 15 0ol the parimalar
exoeads 40% of the foorplaln.

Ensune that T5% of e cooupiad spacs nol
Including patient oo les within 20 1 of tha
it

Staff arcas [exam rooms, Nurse statons.

offices, comdars|; public spaces (wating,
reaplion]; and oihar reguiany sioupisd

B[Rt e applicabls

Stafl areas |scam rooms, nurse stabons

oifices, comidors | and publc spacss

efficiencies

Jo rohgat TPt P oA S

. Ropdighiing.

 HVAC equipment types and component e
TR,

Morfonm-driven dayighling opiion i

o . . waating, mcenlion)
effICIenCIes ; Interor fnishes FRoom inlonior suriace average refioctanco m‘;‘fﬁ:’;ﬂ“ —
* Commissioning, measurement and : TG v ot (D1 %"%ﬁ%ﬁims.a
verification, and renewable energy i Light source ffcacy mean kanare por 172 g
All oireer =50
 All recommendations by climate zone in a p— Batasts—4 TS Lags Nonctweg A PO

Balasts—F iorescan and HID Elecrani:

single page for easy use
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Guide Contents—Energy Targets (50%) ENERGY | 5rcre Eficiency &

Renewable Energy

(kBtu/ft2-yr)

. Process . 1. . .
[CELE (k:tgul}:‘ltr;-gyr) (kBru\;’?tE-yr) (kBt.I;Joltf;:i-yr) H el ps Wlth goa | Settl ng
A * Performance path to 50%

2 e &l energy savings

ii i: Z  Measurable goal

— - § * Does not rely on theoretical
c 10 s baseline building
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U.S. DEPARTMENT OF EI"IEI'Q'}I’ EfﬁGiEHC}" &

Guide Contents—Envelope How-To ENERGY

Renewable Energy
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Guide Contents—Daylighting How-To ENERGY Energy Efficiency &

Renewable Energy
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Guide Contents—Interior Lighting How-To ENERGY Energy Efficiency &

Renewable Energy

] g by Bsarmeosey
: T ey
E - D
PATTERM 1 GYM BATTERN 2 GYM
#3010 wati Pulss Srart melal halde Extums (20} Gym-raind Mowweinsd hugh bay fataes
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Guide Contents—HVAC How-To ENERGY Energy Efficiency &

Renewable Energy

MR sir-mandling Lnit dodicatod
{recrcutalng cao0e-gir unil

TYPICAL HEAT PUMP CLASSROOM AR DISTREBUTION

-4 q
AlA ,l,
CA SA RA | RA SA CA

direct o each Zone
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Guide Contents—Case Studies ENERGY Energy Efficiency &

Renewable Energy

Richardsville Elementary School

 Bowling Green, Kentucky

e 74,500 ft?, 2-story, 500 students

* R-30 white roof

* R-28.6 insulation concrete form walls

* Daylighting with light shelf and tubular
daylighting devices

* LPD of 0.68 W/ft?

* Dual compressor water-to-water heat pump
* Dedicated outdoor air system (DOAS)
 Ground heat exchanger

* Demand controlled ventilation

e  Exclusive use of laptop computers

* All electric high-performance kitchen

* Submetered HVAC, DOAS, lighting, kitchen,
information technology, and plug loads

e 17 kBtu/ft?-yr whole-building energy use
intensity

25 | Building Technologies Program buildings.energy.gov



U.5. DEPARTMENT OF

Guide Contents—Case Studies ENERGY Energy Efficiency &

Renewable Energy

Great River Medical Center

* West Burlington, lowa

e 700,000 ft?

190 inpatient beds, 8 operating rooms
* Two 99,000-ft? medical office buildings

 Heated and cooled with one of the
largest lake-coupled geothermal
system in the United States
o 1800 tons of cooling
o 85-mile long piping system
o 800 heat pumps
* 96 kBtu/ft?-yr whole-building energy
use intensity
o Average hospital is at about 240
kBtu/ft2-yr
e S$0.94/ft2-yr in utility costs
o Average hospital is at about $2.39/ft2-yr
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Guide Contents—Technology Case Studies ENERGY | o Eheiency &

Renewable Energy

Daylighting Examples Variable-Speed Compressors

Examphes of Daytighling Strategies In K-12 School Spaces Two-5Stage or Varlable-Speed Comprassors

;

T [T ey ——
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U.5. DEPARTMENT OF Energy EfﬂCiE‘ﬂC'}’ &

Guide Contents—Bonus Savings ENERGY

Renewable Energy

Transpired Solar i Warm Air o Air-
Coflectar — Handier or Space
d
—_— .-F‘/
Ciold j Extarior Wall
Ouwtsice - Azsambly
Air
4
- —
d
- --""f
e Fiornge Tanks and Air-Cocked Chifles
# :
— e The Fossil Ridge High School in Forl Collins, CO, ussoes Bwimal anegy siomge 1o bwer oparsting
oty cosis associalod with cooling the tuldng. Tho systemn consists of eight o siomage tanks and @
14 fon sir-cooted chiller. Tha chiller |s operated af night whean the cost of slecincity & lowar, to fresze
_/ bt wialer inside the siorage 1anks.
4108 it Adding thermal storage 1o the chilled-wales sysiem radisces ulllity costs ty shifting ths openfion of the
.ﬂ.:r’(,‘.ﬂ'pﬂ}r -~ chilier from parieds when the oost of elecirclly is high (e.g.. ceytims) i periods when the oost of elec-
[ Iricity is icweer (g, Rightlime). Dusing the nighttims hours, the ouldoor dry-bulb ismpamiune (= s
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; PPPPTTPFTTI777 fre fho siomge tanks
Due o iha mance orvelopa and lighting sysiem designs, tha peak oooling loed & only 250
toms (1050 #*%on), For this progact, the thermal enengy siormge was sized o offsel 8 porfion of peak
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.5. DEPARTMENT OF Energy EfﬁGiEﬂCY &

ENERGY Renewable Energy

50% Savings AEDGs Recommendation Overview
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Small to Medium Office Buildings ENERGY Energy Efficiency &

Renewable Energy

 SMO buildings up to 100,000
ft? in gross floor area

e Covers administrative,

. Advanced Energy Design Guide
professional, government, for Small to Medium Office Buildings
banking and financial services, st el it )

X . . oward a Net Zero Energy Building
and medical offices (without
medical diagnostic equipment)

 Does not cover specialty
spaces such as data centers,
which are more typical in large
office buildings
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U.5. DEPARTMENT OF Energ-},r EfﬁCiEﬂC'}" &

Office Recommendation Summary ENERGY

Renewable Energy

* Envelope
— Approximately 45% more insulated than Standard 90.1-2004
* Facade zone optimization
— Guidance for improving energy efficiency in perimeter zones
* Interior lighting
— Recommendations that result in a 25% reduction in whole-building LPD

— Sample layouts for open offices, private offices, conference and meeting rooms,
corridors, storage areas, and lobbies

* Daylighting

— Recommendations for open-plan offices, private offices, conference rooms, and
public spaces (lobbies, reception, and waiting areas)

e Exterior lighting

— Recommendations that reduce lighting power for parking lots and drives by
more than 33% over Standard 90.1-2004
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Office Recommendation Summary ENERGY Energy Efficiency &

Renewable Energy

* Plug and process loads
— ENERGY STAR® exclusive plug-in equipment
* Best-in-class plug-in equipment where ENERGY STAR does not apply
— Average SWH savings of 13% over Standard 90.1-2004
e Six HVAC system types that result in significant energy savings over
standard equipment
— Packaged single-zone air source heat pumps with a DOAS
— Water source heat pumps with a DOAS
— Variable volume air handler with DX cooling and gas-fired hydronic heating

— Variable volume air handler with chilled water cooling and gas-fired hydronic
heating

— Four-pipe fan coils and a DOAS

— Radiant heating and cooling with a DOAS
e Additional HVAC recommendations

— Demand controlled ventilation

— Airside energy recovery
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K-12 School Buildings ENERGY | Ereroy Eficiency &

Renewable Energy

e Applies to all sizes and classifications
of K-12 school buildings

* Defines a K-12 school as having the
following common space types:

Advanced Energy Design Guide o Administrative and office areas

for K-12 School Buildings o Classrooms, hallways, and restrooms
Achieving 50% Energy Savings o Gymnasiums with locker rooms and
Toward a Net Zero Energy Building showers

e Eondoning Exgias o Assembly spaces with either flat or
tiered seating

o Food preparation spaces
o Libraries
* Does not consider atypical specialty
spaces such as:
o Indoor pools
o Wet labs (e.g., chemistry)
o “Dirty” dry labs (e.g., woodworking and
auto shops)

o Other unique spaces with extraordinary
heat or pollution generation
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K-12 Recommendation Summary ENERGY Energy Efficiency &

Renewable Energy

Building envelope
— Approximately 45% more insulated than Standard 90.1-2004
* Interior lighting
— Recommendations that result in a 42% reduction in whole-building LPD

— Sample layouts for classrooms, gymnasiums, multipurpose rooms,
libraries, and corridors

* Daylighting
— Numerous detailed daylighting strategies and diagrams for a number of

space types, including multiple ways to top- and sidelight classrooms and
toplight gymnasiums

* Exterior lighting

— Exterior lighting recommendations that reduce lighting power for parking
lots and drives by more than 33% over Standard 90.1-2004

e Kitchens and cafeterias
— Numerous tips to conserve energy in K-12 kitchens and cafeterias
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K-12 Recommendation Summary ENERGY Energy Efficiency &

Renewable Energy

Plug and process loads

— ENERGY STAR exclusive plug-in equipment
e Best-in-class plug-in equipment where ENERGY STAR does not apply
— Average SWH savings of 13% over Standard 90.1-2004

 Three HVAC system types that result in significant energy savings
over standard equipment
— Ground source heat pumps with a DOAS
— Four-pipe fan coils and a DOAS

— Variable volume air handler with chilled water cooling, gas-fired hydronic
heating, and a DOAS

e Additional HVAC recommendations
— Demand controlled ventilation
— Airside energy recovery

* Value added
— Tips for using the building as a teaching tool
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U.5. DEPARTMENT OF Energ-},r EfﬁCiEﬂC'}" &

K-12 Cost Recommendations ENERGY

Renewable Energy

* Integrated design
— Align program, budget, and goals at project inception
— Analyze costs as energy decisions are being made
— Integrate cost estimators early in the design process

e Life cycle cost analysis

— Include all (initial, operating, replacement, and maintenance) costs
when evaluating a system

— Ground source heat pump and light-emitting diode (LED) costs can be
partially offset by reduced maintenance costs
e Cost tradeoffs
— Focus on modular, prebuilt systems to reduce installations costs

— Reinvest first cost savings from removing unnecessary amenities
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U.5. DEPARTMENT OF Energ-},r EfﬁCiEﬂC'}" &

K-12 Cost Recommendations ENERGY | renewable Eneray

* Value added
— Integrate building systems into the curriculum
— Provide an enhanced learning environment through daylighting

* Hiring an experienced design team
— Better understand actual costs and available tradeoffs

— Leverage lessons learned from past projects

e Alternative financing

— Leverage all possible rebates for energy efficiency upgrades and
renewable energy systems

— Team with third-party financing to eliminate first costs and take
advantage of tax incentives

buildings.energy.gov
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Medium to Big Box Retail Buildings ENERGY | ooy =Fieenoy &

Renewable Energy

* Applies primarily to retail
buildings with 20,000 ft? to
100,000 ft2 of floor area

* Many recommendations also
apply to smaller and larger retail
buildings

* Defines an MBR building as
having the following common
space types:

o Sales areas

Administrative and office areas

Meeting and dining areas

Hallways and restrooms

Storage spaces and

mechanical/electrical rooms

* Does not cover specialty items
such as commercial refrigeration

Advanced Energy Design Guide
for Medium to Big Box Retail Buildings

o O O O
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Retail Recommendation Summary ENERGY Energy Efficiency &

Renewable Energy

Building envelope
— Approximately 45% more insulated than Standard 90.1-2004
* Interior lighting
— Recommendations that result in a 38% reduction in whole-building LPD

— Sample layouts for sales floors, back-of-house spaces, conference and
meeting rooms, and stocking areas

* Daylighting

— Tips on successful daylight integration in a retail setting
* Accent lighting

— Perimeter wall accent and LED display lighting tips
e Exterior lighting

— Recommendations that reduce lighting power by more than 33% over
Standard 90.1-2004

— Retail-specific parking lot lighting energy use reduction and control
strategies

e Portfolio energy reduction
— Strategies for reducing energy use across a portfolio of retail stores
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Retail Recommendation Summary ENERGY Energy Efficiency &

Renewable Energy

e Plug and process loads

o ENERGY STAR exclusive plug-in equipment
—  Best-in-class plug-in equipment where ENERGY STAR does not apply
o Sales floor and security system plug load recommendations
o Average SWH savings of 13% over Standard 90.1-2004
 Four HVAC system types that result in significant energy savings
over standard equipment
o Packaged variable-air volume DX air conditioners with gas-fired furnaces

o Packaged constant air volume DX air conditioners with gas-fired furnaces
and a DOAS

o Packaged single-zone air-source heat pumps with a DOAS

o Packaged single-zone water-source heat pumps with a DOAS
e Additional HVAC recommendations

o Performance-based ventilation reduction strategies

o Airside energy recovery
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U.5. DEPARTMENT OF

Retail Cost Recommendations ENERGY Energy Efficiency &

Renewable Energy

e (Cost tradeoffs

o The costs of added insulation can be offset by reducing the number of
rooftop units

o The additional investment in a high-performance lighting system can be
offset with reduced cooling capacity

o Balance and understand actual maintenance costs with energy costs
* HVAC

o Consider larger rooftop units that can more cost effectively incorporate
advanced HVAC recommendations such as energy recovery ventilators
and economizers

o The owner/corporation sets the expectation for peak sizing and
occupancy loading; therefore, consider other stores in your portfolio (or
other similar types of stores) in considering peak occupancy and
internal demands when sizing equipment
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Retail Cost Recommendations ENERGY

Renewable Energy

* Integrated design

o Lower LPDs can be achieved with careful integration with interior design
while still maintaining desired illuminance levels—bright and white
ceilings, walls, and floors result in better distribution of electrical
lighting in the space, which can allow for less overall installed electrical
lighting

e Alternative financing

o Leverage purchasing power and direct purchase of specific cost-
effective equipment that meets the efficiency requirements in the guide

o Take advantage of tax and utility incentives and rebates
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La rge Hospita IS Eﬁ‘E"“REE? Energy Efficiency &

Renewable Energy

*  Applies to hospitals larger than 100,000 ft2
. * Defines an LH as having the following
5 common space types:
o Cafeterias, kitchens, and dining facilities
o Administrative, conference, lobby, lounge,

Advanced Energy Design Guide and office areas o
for Large Hospitals o Reception and waiting areas and examination

and treatment rooms

Achieving 50% Energy Savings o Clean and soiled workrooms and holding

Toward a Net Zero Energy Building areas

o Nurse stations, nurseries, patient rooms,
hallways, lockers, and restrooms

o Operating rooms, procedure rooms, recovery
rooms, and sterilizer equipment areas

o Pharmacies, medication rooms, and
laboratories

o Triage, trauma, and emergency rooms
Physical therapy and imaging/radiology rooms
o Storage, receiving, laundry, and mechanical/
electrical/telecomm rooms
* Does not cover specialty spaces such as data
centers, parking garages, and campus utilities
such as chilled water and steam
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U.5. DEPARTMENT OF Energ-},r EfﬁCiEﬂC'}" &

Hospital Recommendation Summary ENERGY

Renewable Energy

Envelope
o Approximately 45% more insulated than Standard 90.1-2004
* Interior lighting
o Recommendations that result in a 25% reduction in whole-building LPD

o Sample layouts for patient rooms, nurse stations, operating rooms, recovery rooms, treatment
rooms, exam rooms, labor and delivery rooms, imaging suites, enclosed offices, and
conference rooms

*  Building footprint
o Articulated footprint examples to maximize daylight access in the buildings
*  Exterior lighting

o Recommendations that reduce lighting power for parking lots and drives by more than 33%
over Standard 90.1-2004

* Tasklighting
o LED surgery light recommendations that save 60% of the energy used for surgery lighting and
significantly reduces the energy demands for cooling the surgeons and warming their patients

. Elevators and kitchens

o Recommended use of traction elevators exclusively throughout the building, and regenerative
traction elevators for high-use areas

o Numerous tips to conserve energy in hospital kitchens and cafeterias
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Hospital Recommendation Summary ENERGY | 5reroy Effciency &

Renewable Energy

* ENERGY STAR exclusive plug-in equipment
o Best-in-class plug-in equipment where ENERGY STAR does not apply

* Average SWH savings of 13% over Standard 90.1-2004

e Aggressive reduction in reheat resulting from decoupling space
conditioning loads and ventilation loads

* A best-in-class surgery suite central air handling system
 Three HVAC system types that result in significant energy savings over
standard equipment
o Water source heat pumps with a DOAS
o Four-pipe fan coils and a DOAS

o Mixed-air variable volume air handler with separate outdoor air treatment and a
heat recovery chilled water system

e Additional HVAC recommendations

o Aggressive supply air temperature reset and zone airflow setback
Airside pressure drop and coil face velocity reductions
Elimination of steam boilers
High AT chilled water loops
Demand controlled ventilation
Airside energy recovery

O O O O O
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Hospital Cost Recommendations ENERGY Energy Efficiency &

Renewable Energy

* Relating efficiency strategies to the healthcare mission
o Improved environment of care and patient outcomes
o Improved overall health of the community
o Reduced medical errors and more satisfied caregivers

* Integrated design

o Reduced errors and rework, creating savings that can be reinvested in
energy efficiency

o Well-coordinated system selection and placement can reduce building
volume and lower construction costs
e Life cycle cost analysis

o Include all (initial, operating, replacement, and maintenance) costs
when evaluating a system

o Ground source heat pump and LED costs can be partially offset by
reduced maintenance costs
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U.5. DEPARTMENT OF Energ-},r EfﬁCiEﬂC'}" &

Hospital Cost Recommendations ENERGY | renewable Energy

* Cost tradeoffs
o Focus on modular, prebuilt systems to reduce installation costs

o Reinvest first cost savings associated with removing unnecessary
amenities

 Value added

o Photovoltaic systems can be integrated into an uninterruptable power

supply
o Daylighting and operable windows can provide additional light and
ventilation during a power crisis

e Alternative financing
o Leverage all possible rebates for energy efficiency upgrades and
renewable energy systems

buildings.energy.gov
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.5. DEPARTMENT OF Energy EfﬁGiEﬂCY &

ENERGY Renewable Energy

50% Savings AEDGs Energy Modeling Analysis
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U.5. DEPARTMENT OF Energy EﬁICIEﬂC}r’ &

Evaluation Approach ENERGY Renewable Energy

PROTOTYPE CBECS, AEDG Project DOE Reference
DEVELOPEMENT Other Sources Committee Buildings

Standard Technical
62.1 Prototype Model Support Documents

DIFFERENT Apply dimate-spedific Apply climate-specific
STANDARDS ARE 90.1-2004 t desi

APPLIED TO THE L parameters energy design measures
PROTOTYPE to the prototypes to create the baseline to the prototypes to create the

models in 16 cities low-energy models in 16 cities

Baseline Model Low-Energy Model

BASELINE AND

LOW-ENERGY
SIMULATIONS ARE Compare
DEVELOPED 16 Baseline Baselines to 16 Low-Energy
Simulations Low-Energy Simulations
Simulations

to Show Savings

16 Climate Zones: 1A, 2A, 2B, 3A, 3B: CA, 3B, 3C, 4A, 4B, 4C, 5A, 5B,6A,6B, 7, 8
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Energy Modeling Analysis

U.5. DEPARTMENT OF Energ-},r EfﬁCiEﬂC'}" &

ENERGY Renewable Energy

Baseline Models

* Minimally compliant with
Standard 90.1-2004 and
62.1-2004

o Opaque envelope and
fenestration

o Space-by-space LPD
o HVAC equipment efficiencies

o Occupancy and ventilation
requirements

 Nonregulated components

o Plug and process loads and
operating schedules

o Determined with PC guidance

Low-energy models

e Start with baseline models

 Apply opaque envelope and
fenestration criteria from
AEDG

* Apply space-by-space LPDs
from AEDG

* Apply plug and process load
reductions and improved

control determined with PC
guidance

* Apply different HVAC system
types with AEDG efficiencies

50 | Building Technologies Program
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U.S. DEPARTMENT OF EI"IEI'Q'}I’ EfﬁGiEHC}" &

C“mate ZOneS ENERGY Renewable Energy

Climate : :
“ Representative City

1 1A Miami, Florida

2 2A Houston, Texas

3 2B Phoenix, Arizona

4 3A Atlanta, Georgia

5 3B:CA Los Angeles, California

6 3B Las Vegas, Nevada

7 3C San Francisco, California

8 4A Baltimore, Maryland

9 4B Albuquerque, New Mexico

10 4C Seattle, Washington

11 5A Chicago, lllinois

12 5B Denver, Colorado

13 6A Minneapolis, Minnesota

14 6B Helena, Montana .§ g‘ §
15 7 Duluth, Minnesota - T %
16 8 Fairbanks, Alaska
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Office Energy Models ENERGY | Ereroy Effiency &

Renewable Energy

* Small office  Medium office
o 2 stories o 3 stories
o 20,000 ft? o 53,600 ft?
o 100-ft x 100-ft footprint o 164-ft x 109-ft footprint

52 | Building Technologies Program buildings.energy.gov
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_ U.5. DEPARTMENT OF Energy EffICIEI"IC‘l.r' &
K 12 Energy MOdE|S ENERGY Renewable Energy

* Primary school e Secondary school
o 1 story o 2 stories
o 74,000 ft? o 211,000 ft?
o 650 students o 1,200 students
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K-12 Energy Models ENERGY | Ereroy Eficiency &

Renewable Energy
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K-12 Daylight Modeling ENERGY | ooy =Fieenoy &

Renewable Energy

56 | Building Technologies Program buildings.energy.gov



>
(o]
ST = = O o
5 > ~ o T e g e 8 g2 >
N o U -~ = 0O = T T M0 9 o
o 9 7 g gL 2o = 2 = o
Qo U © — < w w w £ r 2 £ S
£ c > X w2 P c w5 2 2 )
Q] 2 g =535 3383 @
2 T 2 5583838 % g gz =
= @  »hh & o O T T W £ £ £ 5
L = ] | " N | | =
o o]
) = .
5 2
5 8 -
— 1
~
mV|
- O i
102 8
=
R e e L
1 S e .-F_ B
AN ©
c o ) 0 | N 3
m
E Q S R
: = Sl um I
[an]
& 1 [| 3
© o
@ N — L N B
(e}
o 1 | 5
g |
S N
3 R O B N
% ] [ Q
©
5 S R o
3 S mm z
[an]
5 1 N 2 s
g
= e ol _____ ©
£ - J iy G .-r 1 £
s 1 O — [ <3
3 X
N £ - J A 1y n
O
ol a3 1 - i S
>
S S I
= g ) I — L-_ i
[an]
4 £ T ] C -
o = |
Q ol A
R i e 5
[an]
oY TN | _- 2
SO P A
= R mm e
Q T [ 5
O D B
= & \IIIIIIIIIIIIIIIIII .L LI £
Vo]
o n . N 23 g
= O . | g
Sy W R mE o L
gV. T ] | B 3 g
o
SO R B ~
5 S il e s L S
m T S £
o o o o o o o o —
— — c
AN JA 3 /mgy) Ausuaiul asn puj ASaau3 jenuuy S
1 ¢ =)
m
N =
o]




Retail Energy Models ENERGY | 5reroy Effiency &

Renewable Energy

 Medium-box store e Big-box store
o 1 story o 1 story
o 20,000 ft? o 100,000 ft?
o High and low plug loads o Low plug loads

58 | Building Technologies Program buildings.energy.gov



>
3 5
—_— w—— o ey o .
B > T $ 78832 5
- 3= o2 o3 & LT = =
2o L Lo = U E = g L
5 £ L a0 @2 2H G2 ©
= LLI I IS %] W B8 - SO u 7]
2 foh) 2 5 § o 9 o Rk & = 2
= = nw o uw O T T w = = =
L % [ | I | [ | [ | m
53 _ 2
= O
@ m ! ©
=
u o W R I |
% [P U DR NP “- - :
FVI N ~
o | |
P S (R R S,
mG oo I SRS 1 mn
MR 5— 1 | .
b ©
=
z |
g . R I N A
| |
- 4 = P e el teeteleletete iekeleeleteletelel defetebetele |
= S 1 e S
i 1] z | |
= o S ST ISR AR
= o O mE
+ | e D A
w S N __ _ _
S S ) AN 1 man
3 _ T 3
7 | |
S D S () R
9 w O S N isms
m | ‘m g
S R T |
r= 2}t e L ] I 2
= | [ B 2R
) _ e
= X e ©
S w“ ........................... il r- _ £
k) [ i [ $ 5
(Vs 8 |l _____ _
+ K = T R S ||
| N o
> 3 «
(V) o ~ |\ L _____ _ _
Q £ S [ RS 1 -
[aa]
o 3 I o
B |
() b S P P .
o]0} S w“ ....................... L || I S
(@ | e &
* o— o™
= ol |
Q w_r ........................... | r- _
O [ S D =
o R AR NS | |
e U (R S AN [ I =
= e e et
| R S
> et E e et X
oo A ettt et tteteteted e ttetele i U Dc.u
| [ [ N )
L o =
(®)]
3 SN I N | g
c o - i j 2
L | < 5
E T T T T T T T e
— o o o o o o o o —
 o— < (@] o (ee] (Vo] < o~ (o))
— — - &
48] (4Azay/magy) Ausuaiug asn puj ASiaug jenuuy ie]
=) =
Q o
o'a =




Hospital Energy Models ENERGY | Ereroy Eficiency &

Renewable Energy

* Large hospital

o 7/ stories

— 2-story diagnostic and
treatment block

— 5-story patient tower

* 427,000 ft?
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ConCIUSionS U.5. DEPARTMENT OF Er-.lerg.Illlr EﬁICIEﬂC‘}r’ &

ENERGY Renewable Energy

* Simple, easy

o The AEDGs provide simple, easy-to-use guidance to help the building
designer, contractor, and owner identify a clear path to significant
energy savings over Standard 90.1

o In many ways, the AEDGs are a simple interface with a complex
background analysis performed using EnergyPlus

* Concise recommendations tables

o The combination of a comprehensive set of recommendations
contained in a single table, along with numerous how-to tips to help
the construction team execute the project successfully, results in
increased energy efficiency in new buildings

62 | Building Technologies Program

buildings.energy.gov



U.5. DEPARTMENT OF Energ-},r EfﬁCiEﬂC'}" &

COﬂCIUSlOnS ENERGY Renewable Energy

Case studies

o Case studies of actual facility applications add to the comprehension
of energy efficiency opportunities

e Step toward net zero

o The ultimate goal of the AEDG partner organizations is to achieve net
zero energy buildings, and the AEDGs represent a step toward
reaching this goal

e More than 450,000 AEDGs are in circulation

e AEDGs are available for free as PDF downloads from
www.ashrae.org/aedg
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Thank you for your time.
For more information, contact:

shanti.pless@nrel.gov
bing.liu@pnnl.gov
jeremiah.williams@ee.doe.gov

Images on slides 1, 13, 27, and 46 are courtesy DOE/Akoya. Office model images were created by PNNL. Unless otherwise noted, other images after Slide 13 were
either were published in the AEDGs (credit: ASHRAE) or created at NREL by Eric Bonnema or Marjorie Schott.
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