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Distinguished Lecturer (DL)

Program

This ASHRAE Distinguished Lecturer is brought to you by the
ASHRAE Society Chapter Technology Transfer Committee (CTTC).

* Please silence your phones.

« DL Evaluation Forms are very important. Please complete at the end of the
presentation and return to the CTTC Chair or Program Chair.

* Lecturer presentations and/or opinions do not necessarily reflect the policies or
position of ASHRAE or the chapter.

« More information on the DL Program available at:
ashrae.org/distinguishedlecturers



http://www.ashrae.org/distinguishedlecturers

LEADERSHIP WANTED!

Become a future leader in ASHRAE — Write the next chapter in your career!

ASHRAE members who are active at their chapter and society becomes leaders and
bring information and technology back to their job.

You are needed for:

» Society Technical Committees

» Society Standard Committees

* Young Engineers in ASHRAE

« Chapter Membership Promotion
» Chapter Research Promotion

» Chapter Student Activities

« Chapter Technology Transfer

Find your place in ASHRAE and volunteer
ashrae.org/volunteer



http://www.ashrae.org/volunteer

Course Description

Since 2002, ASHRAE, the llluminating Engineering Society (IES), USGBC, and AlA, with support
from the Department of Energy, have collaborated on a series of Advanced Energy Design Guides
(AEDGS) that result in significant energy savings in the built environment beyond what is expected
by using only ASHRAE Standard 90.1. The AEDG series of documents is now one of the most
popular publications in ASHRAE’s history with over 600,000 copies in circulation.

This program provides a brief history of the AEDG Series, and then focuses on the 50% Large
Hospital AEDG which will be covered in detail including examples of recommendations, case
studies, technologies, systems, and controls to reduce energy use by 50% or more (compared to
ASHRAE 90.1-2004).

Recommended audience:

Hospital facility managers and environmental directors, ASHE members, consulting engineers,
contractors, facilities managers, and students.



AlA Continuing Education Provider

* ASHRAE is a Registered Provider with The American Institute of Architects Continuing
Education Systems. Credit earned on completion of this program will be reported to CES
Records for AIA members. Certificates of Completion for non-AIA members are available on
request.

* This program is registered with the AIA/CES for continuing professional education. As such, it
does not include content that may be deemed or construed to be an approval or endorsement
by the AIA of any material of construction or any method or manner of handling, using,
distributing, or dealing in any material or product. Questions related to specific materials,
methods, and services will be addressed at the conclusion of this presentation.

* AIA Course Number / classification: AEDGH5019, 1 LU/HSW



EDUCATION

50% Hospital Advance
Energy Design Guide

ASHRAE Distinguished Lecturer Program

GBCI cannot guarantee that course sessions
will be delivered to you as submitted to GBCI.
However, any course found to be in violation of
the standards of the program, or otherwise
contrary to the mission of GBCI, shall be
removed. Your course evaluations will help us
uphold these standards.

Course ID: 920020205

Approved for:

1

LEED-specific hours

LEED
GREEN

ASSOCIATE




Learning Objectives

* Understand importance of, purpose for, and background of, the Advanced
Energy Design Guide series

 Learn how to find and use the AEDG documents

* |dentify integrated energy saving recommendations in the Large Hospital
AEDGs to reduce energy costs

* Reap benefits of using AEDGs to achieve Optimize Energy Performance
credits



Advanced Energy Design Guides

Goals

* Provide a two-page list of recommendations to reduce
energy use in buildings

- A way, but not the only way, to construct an
energy-efficient building that uses significantly less energy
than a code-compliant building

- At least 50% energy savings as compared to
ASHRAE/IESNA Standard 90.1-2004

= 50% progress toward net-zero energy building
* Transfer energy dollars to other resources



AEDG Partnership

» Collaboration of professional organizations and DOE
» Specialized Project Committee for each guide
» Oversight is provided via AEDG Steering Committee

» Backed by DOE’s national laboratory leadership, energy
simulation, technical analysis and support

» Open peer review and commentary process




Five 50% Guides
Baseline: ASHRAE 90.1-2004

m\m\m =

www.ashrae.org/freeaedg




Guide Development

* Meet all requirements of ANSI/ASHRAE Standards
- 55 (comfort),
- 62.1 (ventilation and indoor air quality), and
- 90.1 (energy)

* Based on whole building energy savings

* Energy Is independent variable and
cost-effectiveness is dependent variable

* Off-the-shelf technology
(must be available from at least two manufacturers)

* Building specific expertise for each guide



Specifically for Large Hospital AEDG

* Guidelines for the Design and
Construction of Healthcare
Facilities — 2010 Edition

* Includes ANSI/ASHRAE/ASHE
Standard 170-2008 Ventilation
of Health Care Facilities

Guidelines

Health Care Facilities

The Facility Guidelines Institute




Large Hospital Project Committee

* Shanti Pless (Chair)

* Merle McBride (Vice Chair)

* Mara Baum & Ray Pradinuk (AlA)

* Walt Vernon (ASHE)

* Jeff Boldt & Mick Schwedler (ASHRAE)

* John GIill & Joel Loveland (IES)

* John D’Angelo & Kim Shinn (USGBC)

* Tim Peglow (At-Large)

* Eric Bonnema (NREL) and Matt Leach (NREL)



Forward Excerpts

* “Most important in AEDG for Hospitals is the recognition that patient

outcomes, safety, and experience trump all cost- and energy-saving
Strategies.”

* “The AEDG for Large Hospitals shows that existing reliable technologies
and design philosophies can be used to reduce energy use In large
hospitals by up to 50% of ANSI/ASHRAE/IESNA Standard 90.1-2004....7



1 - Introduction

* Conditions to promote health and comfort
Ventilation and Indoor Air Quality (IAQ)
= Refer to Indoor Air Quality Guide

Thermal comfort

= Metabolic rate, clothing insulation, air temperature, radiant temperature, air
speed, and humidity

Visual comfort
= Daylighting
Acoustic comfort



Scope

* Standard hospitals = 100,000 ft2

* Space Types: reception/waiting, examination,
treatment, OR, recovery, clean & soiled workrooms,
nurses station, nursery, patient room, pharmacy,
triage, trauma, ER, physical therapy, cafeteria,
kitchen, conference, office, radiology/imaging,
storage, mechanical & electrical rooms.

* Excludes: Atypical, special-use spaces



Integrated Design?

* Do we really think we're going to get to 50% energy
savings usi_n_g_our present practices?

* No, this is not good integrated design!



Integrated Design

* Early involvement of all team members
* Agreed-upon, objective, and documented common goals
* Open communication about meeting the agreed upon metrics and goals

* Assessment of metrics and goals for a minimum of 3-5 years post-
occupancy

All working with reciprocal respect and trust



ASHRAE Digital Lighthouse
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Integrated Design

CLEVELAND CLINIC A case stupy

(left) and Heliport Landing Area (right)

Cleveland Clinic Northeast Ohio Campus
Photos courtesy of Cleveland Clinic




Baseline Prototype Characteristics
50% Hospital AEDG

Total floor area 427,000 ft2
Floor-to-floor height 9 ft
Floor-to-ceiling height i’g : :7'-‘86'/.other
Number of floors 7

WWR (floor-to-ceiling) 40%

WWR (floor-to-floor) ;g; :??8;;other
Glazing sill height 3.6ft

Glazing height 3.7 ft

Exterior wall type Mass

Roof type IEAD

*Floor multiplier of 3 on patient tower



Baseline Prototype HVAC Systems

50% Hospital AEDG

Central VAV air-handlers

— Terminal box minimum flow at
required ACH for spaces in Standard
170

- Terminal box minimum flow fraction
of 0.3 for spaces not in Standard 170

» 55°F supply air temperature
» Chilled water cooling coils
» Hot water preheat coils

» Variable speed fan - AHU-1  Floorl VAV
- 60% static efficiency - AHU-2 Floor 2 VAV

— 8in w.c. pressure drop - AHU-3  Floor3 VAV

* Electric steam humidifiers AHUA  Hoord VAV
e Eeryers arenotan I s ) i A

~ 1,000,000 W at 354 gal/h Bl Anus  Fioors e
AHU-7 Floor 7 VAV

* Hot water terminal reheat
SURG Surgery Suite VAV



Climate Zones

* Groups climates into 8 zones

R

1 2 3 4 5 6

very hot warm mixed cool cold
hot

* Subcategorizes zones
by humidity level

A B C

moist dry marine

/7 8

very subartic
cold

Look up climate

zones by location ...

Miami = 1A
Seattle= 4C

Reykjavik =7

o

~

.




Recommendations by Climate Zone;

Each CZ table fits on two pages

. - - Climate Zone 3 Recommendation Table for Table for Large Hospitals
Ul |||g enve Ope S T S T

= i E— roup siniarspace e Wit e A 5, ¢
e Insulation enticly above deck EN2, 1517
- - - Solar reflectance index (SRI) EN1
Mass (HC > 7 Bluift) EN3, 15-17
- Insulation, tenestration, leakage s e ' o
) ] f::’"“’"""‘“ = Climate Zone 3 Recommendation Table for Table for Large Hospitals (Continued)
. %

- S Ao T Howio s |
Comp

Unheated N ENERGY STAR o California rebate-qualfied
- . 2 hamad Heated R18.( e jpment (A0
2 Swinging U070 Bin. insulation on low-temp walkein
[ ] Y Doors ek 05 . cqipment mslie e LED g,
5 M. ] [— e '
Continuous air barriers Entire refrigerant, evaporative condenser
do%c B8 Side panels, larger overhangs, rear sel at
Nonm Exhaust hoods appliances, proximity hoods, VAV demand-  PL8, 10, 13
. . . . . B Metal based exhaust
Vorkcal fen sekation S 2 Nonm Use traction elevators for all elevators, and
— s o) Metal Process loads Elevalors. use regencralive action elevalors forall  PLIG
Light-to-solar gain ratio (LSG) Al orie high-use elevators,
j 1 il v soel South Gas water heater (condansing) 95% Efficiency WH3_ HVE
comp [EM - Point-of-use waler heatsr 0.81 EF o1 81% £ PL11, WH3
GABEmces €6 [ el ey Eleclric-heal-pump waler heater 233 EF WH3
Shap P doisipioisp gi1ep e

* HVAC
design, equipment, controls

* Plug/process loads

£y
£
®
3
3
£
b4
®
z
5

. .
v Manui =3 ooling towers D o tower fans. GrED
- equipment, controls, kitchens el =
] ] Surgery task lights Usell g‘ Fan-cod systom with DOAS  Maximum fan power 0.4 Wighm HV21-22, 24
Exit signage. uﬁ H FOU fans. Multiple speed HVS
Facade and landacape lighting LPo= Exhaust-air energy recovery in DOAS. 5 %Qi,”iﬂn‘fs"f?& 2@"?;'55«“;35."?; HVS, 15-18
n - Exteror lighting Parking lots and drives PO = € (marine zones) = 0% total efiectiveness
AN other exterior Bghiing LPD= DOAS ventilation control DGV with VFD HY10-11
(] Ahok Heat recovery water.cooled chiller 455 C0P HV8, 36,38
Computers hm Water-cooled chiller 6.5COP Hv8, 35
Equipment choices ENERGY STAR® squipment Wi iula VED and NEM, HV35
SRR Delany Cooling towers VD on tower fans. Va7
i Ry Mixec-air VAV system with  Boler efiiency SO%E, Hv8
- - - g Computer power control and oo ::I:I"B'BNWB"""" Maimum fan power bhp = supply ofm x 0.0012 + A HV21-22. 24
enterg, recovery sysiem Economizer Gomply with Standard 90.1° HV19.
- Controle Occiiparicy d6feors Ofe A (numid zones) = 60% tolal effectiveness.
) ) Water Exhaust-air enargy recovery in DOAS B (dry zones) = 60% sensible efiectivensss  HVS, 15-16
Timer switches appla C {marine zones) = 60% tolal effacvenass
< - = hose 'DOAS ventiation control DCV with VFD HY0-11
bt st ¥ OA domper Motorized HY14, 31

Ducts and dampers Duct seal class. Seal class A& Hv22, 24

= = =
. Insulation level R& Hv22-23
Design and circuitfor separate submeters for
Electrical submeters. Bighting, HVAC, general 120V, service water QA12-14
heating, renewables, and whole building

<
P Messurement and veritcation

Benchmarks Benchmark monthly snsrgy use. aats
Teaining ::“"cmh"mﬂ’;” D QAtz-15
e “Coany I 1ot o

Source: 50% AEDG Large Hospitals from ASHRAE



Recommendation Table Contents

Climate Zone 3 Recommendation Table for Table for Large Hospitals

r<to Tii
.F B — Croup similar space types vithinhe bulding ), o
. Insuizsion enrely above deck R250ci ENZ, 1617
Sclar reflectance index (SRI) 78 EN
Mass (HC * 7 Bui) R-1l4ci ENG. 1617
Walls Steel framed RALD+ RIS ENd, 1617
Below-grads walls. R 6 ci. [Comply with Standard 801" in 38) ENS, 16-17

ltem | Component Recommendation How-to Tips

[ ] [ ] Light-to-acar
Exterior sun control South orentation anly — PF = 0.6 ENZ1, DL13-14
o - Alepaces e e
Shape the buiding lootprint and iorm such.
Diagnostic and treatment biock. that the area within 15 ft of the | perimeter DL
o =

L] -
Staff arces exom roma, e SSCRS, [ b b orm b maimis access
hm“*“‘m(ﬂﬂ to natural light, through sdeighting and DLA-14, 2023
— .F“m"""'_'q,‘ic,,, equiarly acaupind taplghting.
St arsas fonam oo, e SONE i e —
e T : Ndapwm-—nili:(“m ptie=
-
rariar Srishes Rloom infericr sisface average rflectance  Goind 2 B1% o
I I I I I l Ta&TE=28-22
Light source effcacy {mean lumens per watl) TA& TE<28=85 ELZ§
Al cther *50

MNorsmming = NEMA Premium =
Dimming= NEMA Premium Program Start
Ballasts—Fluoreacent and HID Elecironic. ELZ5

— Guidance on good

Dirmeming controls dayight harvesting Dim all fxtares in deybghied zonca. DL20-23,
> = Maruzal ON, aukckimed OFF mallaress s o)
[] Surgery task ights Use LED lights exchusively. EL4
= %ﬂumwmc‘mm) —
Fagate and landscape ighting LPD=0.15 123
Parking lots and drives LPD = 0.1 Wi 123
Entesior ighting . LPI = Comply with Standard 50.1°
. . Al cther extesior ighiing Ko o s 5%, (12 a8 ) 123
= Loplops = miriumn 203 of bl compuors
Emps e ENERGY STAR® equipment Al compters, squipment, appiances L5
‘ending machires Delarmp and speciy best in class eficiency  PL3,
Network control with powes saving modes
Computer power cantrol and control during unoccupied howrs or IT PLZ
anlerpris powsr management softwane
Corirols Decupancy sensors Offce phig cccupancy sensars PLI
Wiater coclers, coffes makers, small
Timer switches appliances = autn OFF during unocasgied  PLI

— Cautions to avoid
known problems

Source: 50% AEDG Large Hospitals from ASHRAE



How-to Tips

Type Abbreviation Number of Tips
Envelope EN 29
Daylighting DL 23
Electric lighting EL 24
Plug and process PL 17
loads
Water heating WH 7
HVAC HV 40
Quality Assurance QA 15

Additional Bonus Savings
Additional HVAC HV
Renewable energy RE 4
Electrical distribution ED 3




How-to Tip Examples

[llustrations of

Concepts S

.
ED! fars xé—— Brand
supply <e—— - ) _eslire
ductwork Water bt The tigher the |ght|ng facts'
Source oiptin e Pty
et Fox Lavwrn! or
Heat LT e veport e “3
return —>=||  Pump Watts — watts : 9
ductwork s | Lot y g
ey on 13679 gt ﬁv‘_ 7 — Color Rendering
lumens per ‘ - Measures 0Ol SC0MRCY
Cot wrdten b e vhect of Be gy I
WYY oF Pe CRY appeenETe o oheecis
«—— Correlated Color
Temperature
MNeasures bgt color.
- o e R — o
LED Recessed Shower Light ———» O Wall Bracket Light :’ GRS Mo e I: e mls_?m
w/2-21 watt T5 lamps -"eu..u::‘—--—---.--_: it g e At ey B -
} YT gTEsos
o

@)

ol ]

Fluorescent Exam Light =1 Ut Cod e Cod
over bed (not counted in room LPD) [ !
1 | Reresr Sehved OFF
H ] O~ Codl Codl
LED task light under cabinet——» ¥ 4
1 i
o | r— —-: 1

Headwell Light w/2-28w T5
tamps [ —] o
30 Foot Candle Hiiuminance OFF

0.68 watts/SF LPD

Figure 5-18 (EL11) Patient Room Lighting
Figure 5-36 (HV38) Principle of Condenser Heat Recovery

Source: 50% AEDG Large Hospitals from ASHRAE



More How-to Tips

Climate Zones Specified
I Tab I eS Of I n fo r m atl O n I EN7  Floors, Metal Joist, or Steel Framed (Climate Zones: all)

B - y P ulation should be installed parallel to the framing members and in intimate contact with the
Table 5-5 Efficacy Values for Different Linear Fluorescent Lamp/Ballast Combinations oring system su cd by the fr & member in order 1o avo ‘d the Pt‘ extial thermal short-

(with Two Lamps) suiting associated with open or exposed air spaces. Nogrigid

Ballast Lamp Selection m below and no less frequently than 24 in. on .
F3278 F3278 F3278 High F2815 F2875 s ’ “ ‘
Standard Premium Performance Standard Premium th-en-Grade Floors, Unheated (Climgfte Zones: © © 0 @ ©)

Generic Standard Instant Start pid ¢.4. shoulkd be used around the perimeteNof the slab and should reach the depty

(59W, 0.87 BF-T8/1.0 T5) 87 NA NA recommendation or 10 the bottom of the foothg whichever is less.
gt:r:dlha;delln(sstl‘anvtvsct’a_,r;;% 75 78 85 NA NA th-on-Grade Floors, Heated (Climate Zones: all)
Standard Instant Start High nrinuous rigid insulstion should be used around the perimeter of the slab and should reach to
Light Level (74 W, 1.15 BF) 81 84 - NA NA depth listed or to the frast line, whichever is deeper. Additionally, in climate zone 8, contin-
SEndsrEroarariStar s insulation should be placed below the slab as well.
o9 Note: In arcas where termites are a concern and rigid insulation is not recommended for
Normal 78 82 88 A
Light Level (60 W, 0.88 BF) under the slab, a different heating system should be used,
Program Start Low Light Level
(56W, 0.78 BF) 73 75 82 NA NA
Dimming Rapid Start
e 72 75 81 NA Cleveland Clinic 100th Street Garage

(64 W max, 0.88 BF-T8/1.0 T5)

High Perormance Nornal o5 | SN IS NS
Light Level (55 W, 0.88 BF-T8/ ]

High-Pei
Leve ENT  Coul Roofs (CU
High-Per For a roof 1o be cc Index (8!
Leve ommended. A high o cocrgy fron
High-Pe high thermal emissivity alseg - solar energy that
Step roof 10 cool more rapidly. Cool rools are I\]v:‘.\ll\ white and have a4
(54 W, cial roof products that qualify as cool roofs fall into three catogorices:
[ — and metal panels. Examples are presented in Table 5-1,
Table 5-1 Examples of Cool Roofs
[ Caogory [ Product [ Reflectance ||
Whate polyviny! m (PVC)
oy White chiorinated polyethylene (CPE) 000
’ Whie chiorosulfonated polyethylene (CPSE) 0as - o
White thermoplastc polyolefin (TSO) orr oer o5 . . .
Lot sppiag  Whte slasiomaric, poyurethane. acryc conting or 0.86 o H|gh||ghted Information
White paint (on metal o concrete) on 085 88
Metal panels Factory-costed whie firsh 090 087 13

Source: 50% AEDG for Large Hospitals from ASHRAE



Building Envelope Recommendations

Climate Zone 3 Recommendation Table for Table for Large Hospitals

e Compone T ecommenaston | HowsoTips |

.Fﬂrmﬁmepﬂnrﬁg - 2aring mrﬂ.ﬁmrmlypﬂawmlnmahmlm DL&-5

Insulation entirely above deck R-25.0 c.i. EMZ, 15-17

Vertical Fenestration
 Window to wall Ratio: 40%

Thermal Transmittance: Nonmetal 0.56, Metal 0.65

SHGC: Nonmetal framing 0.41, Metal framing 0.6
Light-to-solar gain ratio: = 1.5

Exterior sun control: South orientation Projection Factor = 0.5

Window-1o-wall ratic A00% o nel wall (Noor-ceiling] OLT, EN2D
Nonmetal framing windows = 056

. Thiermal transmittance Metal framing windows = 0,65 EM1B-20, 22-25
cal fenastration
MNonmetal windows = 0.41
ifull azsembly—NFRC rating)  Solar heat gain cosfficent (SHEC) onme *“"“""E'm s EN16-20, 23-25
Light-bo-solar gain ratio (LEGE) All prientations = 1.5 EM24
Exierior sun contnol South orientation only — FF = 0.5 Enz1, DL13-14

5 =

Source: 50% AEDG for Large Hospitals from ASHRAE



Lighting Recommendations

Comply with LEED for healthcare credits DL3-6

All spaces IEQ 8.1 {daylighting) and IEQ 8 2 (views)

Shape the building footprint and form such
Diagnostic and treatment block that the area within 15 ft of the pernmeter DLG
exceeds 40% of the flcorplate.

Ensure thal 75% of the occupied space not
Form-driven deylighting option.  catient units nchading patient rooms fes within 20 R of the  DLG

perimeter,
Stall areas (exam rooms, nurse stations,

: Design the buiding form lo maxinize access
olfices, corridors); public spacas (waiting, =
reception); and other regularly occupied 1o natural light. through sidelighting and DL8-14, 20-23

spaces as applicable fopiighting
Sulf araas (exam rooms, nurse stations,

Form-driven daylighting optlon (deS|gn the bwldmg to
maximize access to natural light, sidelighting, toplighting

Non form-driven daylighting option (any space within 15 feet
of perimeter window)

Interior finishes
Interior lighting
Exterior lighting

0.1-0.2 W Light Emitting Capacitor (LEC)

Exit sgnage il signs wcusively s
Fagade and landscape lighting LPD = 0.15 Wik’ ELZ3
Exterior kghting Parking lots and drives LPD = 0.1 Wit EL23
e ior lighting LPD = Comply with Standard 90.1* EL23

Auto reduce fo 25% (12 am-6 am)

Source: 50% AEDG for Large Hospitals from ASHRAE



Daylighting Example

=

‘ j] Splay Opening 45 Degrees

; Clerestory Window for Borrowed Light

Figure 5-13 (DL13) Roof Skylight Section

Source: 50% AEDG Large Hospitals from ASHRAE



Electric Lighting: LDR

(- (- Recessed LED downlight
for general room lighting

Recessed LED downlight
(- O over work counter

(- Examination downlight recessed
over bed, separately switched
at headwall

ﬂ LED birthing procedure light

: Wall-mounted indirect luminaire
with 2-28 walt T5 lamps over head
of bed for general room and
patient reading lighting

30 Fc average at 307 0.7 w/sf LPD

Figure 5-24 (EL17) Labor, Deliver, and Recovery (LDR) Lighting Plan

Source: 50% AEDG for Large Hospitals from ASHRAE



Plug Load Recommendations

Table 5-8 Recommendations for Efficient Plug Load Equipment

Equipment/Appliance Type Purchase Recommendation Operating Recommendation

Desktop computer ENERGY STAR only Implement sleep mode software
Laptop computer or tablet —use
where practical to minimize energy ENERGY STAR only Implement sleep mode software
consumption
Computer monitors ENERGY STAR flat screen monitors only Implement sleep mode software
Consider multifunction devise, ENERGY
Printer STAR only Implement sleep mode software
Consider multifunction devise, ENERGY
Copy machine STAR only Implement sleep mode software
Consider multifunction devise, ENERGY
Fax machine STAR only Implement sleep mode software
Water Cooler ENERGY STAR only MN/A
Refrigerator ENERGY STAR only MN/A
Vending machines ENERGY STAR only De-lamp display lighting

TV, VCR, DVD, DVR

ENERGY STAR with flat screens and
sleep modes

Source: 50% AEDG for Large Hospitals from ASHRAE

Many of these items are only used
during peak times and should be
unplugged with occupancy sensors



Plug and Process Load
Recommendations

Computers: laptops = minimum 2/3 of total computers, Power
savings during unoccupied hours

Energy Star®. computers, equipment appliances

Vending machines: delamp and specify best in class efficiency
Occupancy sensors: office plugs

Timer switches: coffee makers, small appliances during
unoccupied hours

Kitchen equipment: Cooking equipment, refrigeration equipment,
exhaust hoods

Elevators: traction for all, regenerative traction for high-use

= EMgerant, Svaporainve ConCensE
[

Side panels, |anger overhangs, rear seal at
Exhaist hoods appliancas. proximity hoods, VAY damand-  PLB, 10, 13
besed axhaust

L Iraction elevalors Tor all alevalon, and
Process kads Elesvalors use regeneralive Iracticn elevalors foral  PLIG
high-use elevalors.

Source: 50% AEDG for Large Hospitals from ASHRAE



Food Service and Refrigeration

Table 5-9 Commercial Food Service Appliance ASTM Standard Test Methods

[ s Applance Typo

F1275-03 Griddles
F1381-05 Open deep-fat fryers
F1484-05 Steam cookers
F1495-23{2005) Convection ovens
F1521-03 ‘Standard test methods for parformance of range fops
F1805-85(2001) Double-sided griddles
F1633-05 Combination ovens
F1685-03 Underfired broilers
F1696-96(2003) Energy mﬁnﬂm&dmm@:umm_ door-fype commercial
F1704-05 Capture and containment performance of commercial kilchen exhaust ventilation

Table 5-10 Refrigeration Technology Savings Estimates and Applications

Potential (NRC 2011) Construction? Retrofit?
Floating head pressure controls 3% to 10%
Liquid pressure amplifier Up to 20%
Subcooled liquid refrigerant

QOversized condenser 5% to 9%
Mechanical subcooler Up to 25%
Evaporative condensers 3% to 9%

F2233-03 Rapid cook owens

F2233-03 Convweyor broilers

F2324-03 Prerinse spray valves

F2379-04 Powered open warewashing sinks

F2380-04 Conveyor toasters

F2472-05 Staf-served hot-deli cases

F2473-05 ‘Water bath rethermalizers

F2474-05 Heat gain to spacs performance of commercial kitchen ventilation/appliance systems
F2519-05 Grease particle capture efficiency of commercial kitchen filters and exdractors
F2644-07 Commercial patio heaters

Source: 50% AEDG for Large Hospitals from ASHRAE



Service Water Heating

Recommendations

Cuas water heater {condensing) 0% Efficiancy WH3, HVB
Pirt-cd-use water heater 0.B1 EF or B1% E¢ PL11, WH3
Elscric-heat-pump water heater 2.33EF WH3
Pipe insulation {d < 15 inid = 1.5 in ] 1.0in1.6 in WHT

Service water heating

« Gas water heater: condensing, 95% efficiency
* Point-of-use water heater: 0.81 EF or 81% Et
* Electric-heat-pump water heater: 2.33 EF

* Pipeinsulation: 1.0in.ford <1.5in.,1.5in.ford = 1.5in.

Heating system
« No central steam for hot-water distribution system
 Point-of-use steam for humidification and sterilization

Source: 50% AEDG for Large Hospitals from ASHRAE



Measurement and Verification

Recommendations

Design and circuil far separate submeters for

Electrical submetars lighting, HWVAC, general 120V, servica waler  A12-14
_ heating, renewsables, and whaole bullding
Measurement and werificalion e E— hiy energy Use. T
. Facility operator on continuous
Training henchmarking A12-15

« Electrical submeters: lighting, HVAC, general 120V, service
water heating, renewables, whole building

« Benchmarks: monthly energy use
« Training: facility operator — on continuous benchmarking

Source: 50% AEDG for Large Hospitals from ASHRAE



SWEDISH ISSAQUAH HOSPITAL A case sTupy

Located in the Issaquah Highlands near Seattle, Washi dish 1 h is a 350,000 f2)
four-story acute-care hospital with 175 beds, and is the first greenficld hospnnl to be built in King
County in 25 years. When fully complete, it will be part of a 550,000 ft% campus that includes the|
acute-care hospital ( d of 'y, surgery, imaging, labor and delivery, pediatrics,|
intensive-care umL cancer, and medicall surgna] facilitics), a 200,000 fi? medical office building|
(MOB), and a stand-alonc central utility plant (CUP) connected by a utility tunncl.

o Lighting
B Task Lighting
s Equip/Process
M Space Heating

M Space Coaling
W Heat Rejection

Refrigeration, 0.0

INTEGRATED DESIGN

Dcmgn began in May of 2009 with an EUI target of 150 Ithwﬂ2 -yr or lower. Similar hoq:ulals
in the Pacific Nonhwmt have an EUI of about 260-265 kBtw/ft>-yr. Using an integrated project|
delivery approach, all the stakeholders were brought ther carly in the process. This spirit o
cooperation and involvement ded through completion of ton and included the
pipe fitters and sheet metal installers. Once it was und d that efficiency was a key element|
of the design, even the number of pipe bends and duct offsets became important.

The design team met weekly to discuss how best to expedite design. The integrated design
approach carried through into the roles and responsibilities shared by the mechanical design)
engineer and contractor. All major equipment, pipe racks, ductwork, skids, and assemblies|

W Pumps & Aux
W ventilation/Fans

™ Refrigeration

W Steam Process
N DHW
M Exterior Ughting

Cooling, 1.6

Annusl Energy End-Use Breakdown (EUI)
Modeled EUI = 135 kBawRZ yr

avi Analysis
Annual
s o o s

Light Occupancy Sensors 522941
VAV $973,047 $342,183 3 years
Heat Recovery System $1,103971 §115,081 10 years
Low Static Pressure AHUs $398,312 $31,742 13 years
Low Static Pressure Ducts $314,983 $19.538 16 years

VED Chiller 5208 998 11,144 19 years

Examples of High Performance
Buildings — Demonstrates
Flexibility in Achieving Advanced

R Energy Savings

Pholos courtesy of CollinsWoarman (roprintod with parmissian)

Source: 50% AEDG Large Hospitals from ASHRAE



Technology Examples

Examples of
technologies
recommended in the
guide

Source: 50% AEDG Large Hospitals from ASHRAE



HV1 — First Tip

HV1 — Thermal Zoning

“Coordinate the location of nonclinical
spaces so that they can be served by
HVAC systems that can be setback or
shut down when their locations are
unoccupied (with temperature setback
control and optimized start up). Typical
examples are administration and finance
offices, dining, outpatient services, and
occupational/physical therapy areas.”




Major Energy Uses in a

Large Hospital

250 +

200 4

-
w
o

Annual Energy End Use Intensity (kBtu/ft?yr)

. Where are the savmgs?

Red Reheat

= Green: Fans
Blue: Coolmg

YeIIow Interlor Ilghts

Top Black: P,u._mps

Representative City: Miami, FL

Figure 3-1 Comparison of Baseline to Prescriptive 50% AEDG Solution Showing Breakdown of

Energy Savings Components

Source: 50% AEDG Large Hospitals from ASHRAE




Aqgagressively Address Reheat

Refrig (elec)
Humid (elec)
1 SWH (gas)

l W Pumps (elec)
Fans (elec)

B Cooling (elec)
Hl- W Reheat (gas)

# Preheat (gas)

g

g

™ Ext Light (elec)

Int Light (elec)

,,,,,,,, | Ext Equip (elec)
Int Equip (gas)

l I ' | Int Equip (elec)

0 .—l-l.-.—l-l—l.-.-l-.—l.—l—l
1A 2A 2 3 7 8

B A 3B:CA 3B 3C 4A 48 ac S5A 58 6A 68
Climate Zone

g

Annual Energy End Use Intensity (kBtu/ft?yr)
g

8

Figure 3-18 Reheat Energy (in Red) Compared to other Energy Uses in Healthcare Facilities

* Supply dry air to OR
* Recover heat from chilled water system

Source: 50% AEDG Large Hospitals from ASHRAE



50% Advanced Energy Design Guide for

Large Hospitals

HVAC systems included in tables:
Surgery areas

* Chilled-water air-handling system
Non-surgery areas

* Water-source heat pumps with
a dedicated outdoor-air system (DOAS)

* Four-pipe fan coils with DOAS

* Chilled-water VAV air-handling system
with separate OA treatment



50% AEDG for Large Hospitals

Surgery Areas

* Chiller plant
- Chiller: 6.50 COP (0.54 kW/ton) full load
- 15° F chilled water AT
- 14° F condenser water AT
- Variable-speed cooling tower fans
- Control to minimize chiller + tower energy

e Central, chilled-water AHU

- Consider series desiccant wheel
for low dew-point applications

Source: 50% AEDG for Large Hospitals from ASHRAE



Use AEDG recommendations to

Balance Installed and Operating Costs

* Reduced flow rates results In

- Smaller pumps, pipes, and cooling
towers

- Lower operating costs

* Variable primary flow results in
- Fewer pumps
- Lower operating costs

* Heat recovery chillers result in

- Reduced energy purchased for reheat

- Reduced tower energy, make-up
water and water treatment costs




Aggressively Address Reheat

A OA cooling coil
AI OA Bb
» -

A
RA %
cooling series

coil desiccant wheel RA cooling 'co.il

water vapor

~di

T[]

Series desiccant wheel _
Provide low humidity levels in the OR Dual-Path Air Handler
while minimizing reheat energy Treat outdoor air separately




50% AEDG for Large Hospitals

WSHPs with DOAS

* WSHPs
- Two-stage or variable-speed compressors
- Variable-speed fans
- 24 tons, but encouraged for smaller units also
- Cooling: 17.6 EER (part load), 15.0 EER (full load)
- Heating: 5.7 COP (part load), 5.0 COP (full load)

* Dedicated OA system
- Deliver air cold when possible

- Exhaust-air energy recovery (60% effective)
- Demand-controlled ventilation



50% AEDG for Large Hospitals

Fan-Coils with DOAS

* Multiple-speed or variable-speed fans
* Chiller plant

Chiller: 6.50 COP (0.54 kW!/ton)

15° F chilled water AT

14° F condenser water AT
Variable-speed cooling tower fans
Control to minimize chiller + tower energy

* Dedicated OA system

Deliver air cold when possible
Exhaust-air energy recovery (60% effective)
Demand-controlled ventilation



How-To Tips

Watar-cooled chiller 6.5 COP Hva, 35
Watar-circulation pumps VFD and NEMA pramium HV35
Cooling towers VFD on tower fans HV3T7
& Boiler efficiency 90% E; HVS
5 Fan-coil - Maximum fan power 0.4 Wicfm HV21-22 24
< FCU fans Multiple spaad HVS |
- A (humid zonas) = 60% total effactivencss
Exhaust-air anargy recovary in DOAS B (dry zonas) = 60% sensible offoctiveness  HWVI, 16-16
C (marina zonas) = 60% total effectivenass
DOAS ventilation control DCV with VFD HV10-11
. . . |
Vs  Fan-Coils The cooling equipment, heating equipment, and fans should meet or exceed the efficiency

In fan-coil sy levels listed in the recommendation tables in Chapter 4 or listed in this chapter (HVS). The

factory desig| cooling equipment should also meet or exceed the part-load efficiency level, where shown. Per-

and possibly | formance requirements for ducted fan coils are (1) 0.30 W/cfm design supply air to a space
Fan coild with VAV operation and (2) coil chilled-water ATs of at least 14°F.

corridor (or sOME OLNET noncritcal space), o 1N a closel adjacent o 1he space (sce the WsHP
figure in HV2 as an example). However, the equipment should be located to meet the acoustic
goals of the space: this may require that the fan coils be located outside of the space while also
attempting to minimize fan power, ducting, and wiring. Fan coils should be equipped with a

Source: 50% AEDG for Large Hospitals from ASHRAE



50% AEDG for Large Hospitals
Chilled-Water VAV System

 Separate treatment of OA

- Exhaust-air energy recovery (60% effective)
- Demand-controlled ventilation

* Chiller plant
- Water-cooled heat recovery chiller: 4.55 COP
- Water-cooled cooling-only chiller: 6.50 COP
- 15° F chilled water AT
- 14° F condenser water AT
- Variable-speed cooling tower fans
- Control to minimize chiller + tower energy




Demand Control Ventilation

* Sensing technologies
- CO2 sensors in densely occupied spaces
- Occupancy sensors where population variation is minimal

- Time-of-day for zones that are sparsely occupied or predicted
occupancy patterns

*Std 170

- “Reduce airflow rates during unoccupied hours in surgery rooms and
other spaces with minimum air-change requirements”

- Maintain pressurization requirements



High-Performance VAV System

Optimized VAV system controls
- Optimal start/stop
- Fan-pressure optimization
- Supply-air-temperature reset

- Ventilation optimization (including
demand-controlled ventilation)




Additional Bonus Savings

* Other HVAC Strategies

* Radiant Heating/Cooling with Displacement Ventilation, Fan
Arrays, Evaporative Condensing,

e Combined Heat and Power, Water Restricted Locations
* Renewable Energy

* Photovoltaic, Wind Turbine, Solar Hot Water Systems, Power
Purchase Agreements

* Electrical Distribution
* Transformer Efficiency, System Design, Metering




50% Large Hospital AEDG

* 50% Energy savings in every S0

Climate Zone ~reerter- i
* Available for free download

* Recommendations on two
pages

* Endorsed by leading industry
organizations

Source: 50% AEDG Large Hospitals from ASHRAE


http://www.ashrae.org/freeaedg

Questions?

www.ashrae.org/freeaedg




