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ENERGY IMPACT
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OVERVIEW

+ hospital energy
use

+ hospital energy
cost

+ goals

+ integrated design
+ opportunities

+ T-100 approach
+ study design

+ energy outcomes
+ cost outcomes

+ conclusions

# The operation and construction
of hospitals uses 5% of all energy
consumed in the United States;

“merm ! including buildings, transport, and

+ about this site industry.

+ early adopters
+ partners

+ team
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ENERGY USE IN CONTEXT

SELECTED ENERGY USE IN HOSPITALS BY COUNTRY

EUI (Kbtu/SF Year)

0 50 100 150 200 250

|
Pacific Northwest

Average Hospital

249 (786 kWh/SM)

Average Office 65

Pacific Northwest Hospital 4 226

Pacific Northwest Hospital 3

Pacific Northwest Hospital 2

Pacific Northwest Hospital |

Norway ‘

Rikshospitalet * 60 |39

Akershus *98 |17

St Olav's *99 |12 LEGEND:

* Energy Star Score
Denmark EUI (site)
®
s
Current Code

Sweden Il
I <5 (155 kwh/sm) [
' ' 2030 Challenge
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Seattle

Climate Zone 4C

Chicago New York

Climate Zone 5A  Climate Zone 4A

A p
0s Angeles
>

Climate Zone 3C

Phoenix

Climate Zone 2B

with

o X AR (

ARCHITECTURE AND ENGINEERING INC

Houston

Climate Zone 2A

Mconsulfonts

Project & Consiruction Cost Management
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Targeting100!

Reduce Energy by 60% with
Little additional Capital Cost

University of Washington’s Heather Burpee &
Integrated Design Lab Joel Loveland

nnnnnnnnnnnnn

Northwest Energy
Efficiency Alliance’s
(NEEA) BetterBricks
Initiative

Goals

* Meet the 2030 Challenge
(60% energy reduction)

* Determine the first cost
investment required

e Disseminate Results

U.S. DEPARTMENT OF n ' a
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HOSPITAL ENERGY USE

Energy Use Index = EUI

Typical OPERATIONAL acute-care hospitals
225-350 KBtu/SF Year

HAUERYIY

Typical NEW Hospitals that follow ASHRAE 90.1 2004

NS

s
S «
N

200-250 KBtu/SF Year

ypical OFFICE BUILDING  {slddbiiehiatmntl
70 KBtu/Sf Year
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BENCHMARKING
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OVERVIEW

Process

PROCESS

+ introduction

+ climate

+ design strategies
+ loads

OTHER RESOURCES

+ T-100 process
+ high performance

healthcare

+ benchmarking

+ energy modeling

+ peer review
+ subtext

+ next steps
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Climate Design Strategies Loads Energy Cost
. .4 e ——

350

300+
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49
250+ =

SEATTLE

W UKIVERSITY of WASKINOTON

Comparing Target Finder Dita Sets

302 298
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250 245 252
223222
#2010 Target Finder
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2 MRI, 1009 Staff
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BENCHMARKING

& TARGETING 100!
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Process Climate Design Strategies Loads Energy Cost
. | )

+ introduction

+ climate

+ design strategies

+ bade . Comparing Target Finder Deta Sets
0

o

Site KBwY/SF Yo

- 298
= 262265 264
OTHER RESOURCES 2501 249 250 245,252
23102
+ T-100 process
+ high performance 20 #2010 Target Finder
healthcare 2012 Target Finder

150 2 MR, 1008 Staff
+ benchmarking
+ energy modeling 100 @ccccocivme ° oo oo oo oo .......o--q..‘Targeﬁng 100!
+ peer review 2010 Goal: 60% Reduction

50 1
5 aabbat 100 KBtu/SF Year

+ next steps 0! _
SEATTLE CHICAGO NEW YORK LOS ANGELES PHOENIX HOUSTOMN
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PEER REVIEW AND STAKEHOLDERS
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PRECEDENTS LIBRARY’ W

PROCESS

+ introduction

+ climate

+ design strategies
+ loads

high
+ high performance

+ benchmarking
+ energy modeling

+ peer review
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HVAC Fans 10.6% N Reheat 42.3%

Pumps 5.7% \‘.
Heat Rejection 0.2%
Cooling 4.2% — - )

Elevators 0.7% —
Plant Med. Equip. 0.8% —
o ) Imaging 0.8%
ILITY PROFILI Kitchen 0.9%

Misc. Equipment 13.0%

Preheat 3.5%
Service Hot Water |.7%

Vancouver, Washington/Climate Zone 4C Process Steam 6.2%
Zimmer Gunsul Frasca Partnership (ZGF) .
. ot 9 B
AEI Affiliated Engineers Interior Lighting 8.2% ‘.\Kitchen, Labs, etc 1.2%
Legacy Health, Portland, Oregon .
2005 :
220 . :
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THE TOOL
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OVERVIEW
+ When navigating the website...

+ hospital energy i

use [OESISYE <PLORE | LOCALIZE | PRECEDENTS | LIBRARY
+ hospital energy S

cost
i 0 3 5
+ integrated design

Use the OVERVIEW Use the LOCALIZE tab Use the LIBRARY tab to
+ opportunities tab to understand more as a fifter to find data on a download parts of Targeting
*T-1 about the concepts of specific hospital type. | 00! and other detailed
00 spproects Targeting 100! information,
+ study design
+ energy outcomes @ @
+ cost
itomes Use the EXPLORE tab Use the PRECEDENTS tab
+ conclusions to view Targeting 100! 1o see examples of high
ifs sults. rft hospitals,

- ty adopters details and results performance hospita
+ partners
+ ‘“" " H

Yoo @ When you see a " 4" symbol, click for more information.
+ about this site
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THE GOALS OF T-100

g 1L) =y

SEA'I_FLE CHICAGO NEWYORK LOSANGELES PHOENIX ~ HOUSTON
& TARGETING 100! 3 2 A

EXPLORE | LOCALIZE | PRECEDENTS | LIBRARY ] T Y
1) Meet the 2030 Challenge for 2010.

OVERVIEW

300 2) Determine the first cost investment.

+ hospital energy
use

3) Disseminate Results.

+ hospital energy
cost

+ goals

* integrated design
+ opportunities

+ T-100 approach
+ study design

+ energy outcomes 100 t

200

EUI

(kBr/'it: yr)

| 00

+ cost outcomes
+ conclusions
+ early adopters

* partners 0
+ team Average Targeting | 00!
+ about this site US Hospital Project Goal
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CONCEPTUAL FRAMEWORK
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OVERVIEW

Scheme B

Scheme A

+ hospital energy
use

+ hospital energy
cost

+ goals
+ integrated design

+ opportunities |
+ T-100 approach . |

'|" 2 ’3\ Jr

+ energy outcomes

SITY of WASHINGTO

Baseline High Perlformance

+ cost outcomes
* conclusions

+ early adopters
+ partners

+ team

*+ about this site

Building
Mechanical

University of Washington | Integrated Design Lab | Seattle, WA | www.idlseattle.com

Holding Constant
Between
Schemes:

* Program —225
beds, 477,000 SF

Window to wall
ratios — 30%

* Approximate
footprint

* Energy related
strategy bundles
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INTEGRATED DESIGN

& TARGETING 100!
EXPLORE

LOCALIZE

PRECEDENTS

LIBRARY ’ W

INTEGRATED
STRATEGIES

FOR
+ opportunities E N E RGY
+ T-100 approach AND

+ study design

COST SAVINGS

+ Integrated design teams working
together from the beginning of
a project allows the appropriate
energy efficient systems to work
together effectively.

+ energy outcomes
+ cost outcomes

+ conclusions

+ early adopters

+ partners

*+ team

+ about this site W UNIVERSITY of WASHINGTON

Copyright @ 2012 University of Washingtan All Rights Reserved
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FIRST — LOAD REDUCTION
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Baseline Cooling Load
Peak Load = System Size

+ hospital energy
use

+ hospital energy
cost

Col Load. kBtu'nr

+ goals
+ integrated design
+ opportunities

+ T-100 approach

+ study design
+ energy outcomes

Area = Annual Load

Reduced Peak Load =
Smaller and Less Expensive Systems

+ cost outcomes

Col Load, kBtuhe

+ conclusions

+ early adopters
+ partners
+team = The Targeting 00! approach is to first reduce
+ about this site loads, then to apply smaller, efficient systems.

Reduced Annual Load =
Reduced Overall Energy Consumption
and Utility Costs
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1. Reduce Solar Gain

|

/
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2. Reduce Peak Loads

Baseline Peak Load

|
E % .
' s ; ) '
a . iiHigh Performance
%-Paak | oad
M A M }- = ]‘ A ns - e} T D

3. Reduce Building Loads,
De-couple Heating, Cooling,
Ventilation
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4. Reduced loads allow for 5. Balanced loads allows for more
lower floor-floor efficient, and smaller plant systems
= cost savings = cost & energy savings

L|

TEM PERATURE

m
I
IH g

/
‘% /
I
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ARCHITECTURAL SYSTEMS
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OVERVIEW Scheme A Scheme B .

- Holding Constant
+ hospital energy

ke Between

h
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+ goals
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TR Baseline High Performance * Program —225
+ opportunities |
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‘ | 2 /—>\ 4 *  Window to wall
+ energy outcomes ratios — 30%
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GROUPING CLIMATES - ENVELOPE
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Process Climate Design Strategies Loads Energy Cost
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Baseline
Zone 5

High Performance
Meets or exceeds Zone 5

Baseline
Zone 3

High Performance
i / Meets or exceeds Zone 3
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ARCHITECTURAL SYSTEMS

Architectural Systems:

High Performance Envelope

— Balance heat loss and radiant comfort with thermal
performance

Solar Control

— Minimize peak loads for cooling performance and
increased thermal comfort

Daylighting

— Increase interior environmental quality and decrease
electric lighting

Baseline High Pemjormance

o

A Meets or Excacs
Architecture ASHRAE 90.1.2010
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BUILDING MECHANICAL SYSTEMS
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OVERVIEW Scheme A Scheme B :

- Holding Constant
+ hospital energy

o Between

h
o puablads Schemes:
+ goals
+ int ted d . ;
+:p:o:unitie:s'gn Baseline High Performance * Program —225

|
+ T-100 approach | | | beds, 477,000 SF
| 2 /—>\ 4 *  Window to wall
+ energy outcomes ratios — 30%
+ cost outcomes .
P - footprint

+ early adopters Building
+ partners I Mechanical

N - _
Architecture
+ about this site
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BUILDING MECHANICAL SYSTEMS

Baseline

REHEAT

REQUIRED

REHEAT
REQUIRED

SET FOR ZONE
WITH MAXIMUM
COOLING LOAD

EXHAUST

EXHAUST

EXHAUST

INTAKE AR

High Performance

De-Coupled Ventilation and Zonal Heating

and Cooling via Radiant Sources

e TN
€«
~— —
L S

To radiant
cooling panels

To radiant
heating panels

. b
e \,a‘/(—‘\;/

AIR HANDLING
UNIT

Ventilation From
Air Handling Unit

Baseline High Performance
[—%

|
Building
Mecharical
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DISPLACEMENT VENTILATION

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

Healthcare Ventilation
Research Collaborative:
Displacement Ventilation

Research with:
Wieren Xu

Phase II Summary Report HVRC

| Kaiser and Partners Health Funding
X'J.'L"c?il;,, PE, Mazsetti Nash Lipeey Burch
Bob Gulick, PE, Mazzetti Nash Lipsey Burch
Paul Marmion, PEng, Stantec
(S e, mol & M., 10




DISPLACEMENT VENTILATION
Desin nsiderations N

'WR Grille
[Main Exhaust

[Main Exhaust|

{
[Overhead Diffuser|

/
Concentration2 (ppm)
60 F
{

Separation System
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DISPLACEMENT VENTILATION

Design Considerations — Solar Gain
3 ppm Iso-Surface Concentration

Solar Gain: Full Solar Gain: Mitigated
m nlb <




PLANT SYSTEMS
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OVERVIEW

Scheme B

Scheme A

+ hospital energy
use

+ hospital energy
cost

+ goals
+ integrated design

+ opportunities |
+ T-100 approach |

2 I—>\ 14\
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L]
L 111

Plant
|

SITY of WASHINGTO

Baseline High Perlformance

+ cost outcomes
*+ conclusions

+ early adopters
+ partners

+ team

*+ about this site

Buuldmg
Mechanical

Holding Constant
Between
Schemes:

* Program —225
beds, 477,000 SF

Window to wall
ratios — 30%

* Approximate
footprint

* Energy related
strategy bundles
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PANT SYSTEMS
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Process Climate Design Strategies Loads Energy Cost
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DESIGN STRATEGIES Baseline High Performance
+ design | I

|
e N AN AN AN
2) N Ny

ARCHITECTURE

+ architecture
overview

+ envelope

+ lighting

+ patient rooms
BLDG. MECHANICAL

+ bidg. mechanical
overview

+ decoupling

+ displacement
ventliation

+ air handling

+ distribution W univensiTy of wasHinGTON | Copyright ® 2012 Unwersity of Washington All Rights Reserved
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BASELINE — PLANT 1
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| e~ ermceecreonene >}
DESIGN STRATEGIES
i CONVENTIONAL CENTRAL PLANT
+ design S
+ design approach C"."w‘;‘éé Rk 3 7 j ;‘_m;m
+ design basis { 1 {
+ architecture ﬁ
overview
+ envelope c%c:qugc
+ lighting
BOILERS CHILLERS
HEATING
Boiler generated heat trangferred Chiber sxtracts hca lh a thlled water |o
throdgh a heating water locp, and transfers Ihe[;{l;;o;g d“p;l‘:cl: & second vater
Plant 1 SCHEMATICS

+plant 1 . Baseline
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HIGH PERFORMANCE — PLANT 2
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OVERVIEW

Process
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DESIGN STRATEGIES

+ design

+ design approach

+ design basis

+ architecture
overview

+ envelope
+ lighting
+ patiant rooms

DISTRIBUTED HEAT GENERATION PLANT

Chmate and system

)
ENERGY
CONSUMED:
Elactricity or
MNatural Gas

s

STEAM
GENERATORS

mposed loads,

Process steam
for sterilization,
S Heat
humidificaton :
R rejected to
e atmasphere

)
ENERGY
CONSUMED:
Electricity or

Natural Gas

BOILERS CHILLERS

ENERGY CONSWED?%? ?;? §§ ?;? ?;? ?;?ENERGY CONSUMED:
Natural Gas { Blectricity

HEATING COCUNG
Boder generated heat transferred to Chiller extracts heat though a chiled water loop and
low temperature hot water lcop foe transfers the absorbed heat to a second water locp
radiartt heating, for dispersal Economizer cooling in effect when

condensed water at cocling tower is seasonally cooler
than required chilled water temperature

Plant 2

Dedicated Distributed Heat Generation Plant
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HIGH PERFORMANCE — PLANT 3
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DESIGN STRATEGIES
T Deeree e e ENHANCED HEAT RECOVERY CHILLER PLANT
+ design .
+ dosign approach G, o 333
Heat A ALY
rejected to Lok
atmosphere
DUPPLEMENTAL
COCUNG
TOWER

AT

BUPPLEMENTAN  Heat added
BOILERS as neaded

SUPPLEMENTAL
CHAELERS

HEAT RECOVERY
CHILLERS Excess heat trarsforred

ta additional chillers and
ENERGY CONSUMED coolrg towers
Elactricity

COOLING & HEATING
Chiller extracts heat though 2 chiled water loop and transfars o a second
water lcop to retum to the building for heat and potable hot water:

Plant 3 SCHEMATICS
Enhanced Heat Recovery Chiller Plant
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HIGH PERFORMANCE — PLANT 4
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o ]

GROUND COUPLED HEAT PUMP PLANT

&

Climate and system AL LS
imposed loads. )

37

Heat ] ’
reected to A \‘ €.
atmosphere L s {
Lo SUPSLEMENTAL
R COOLING
Heat added _ENERGY g8 Heat extracted TOWER
through a water CONSUMED: through a water
loop from heat Eloctricity > lcop to heat pumps
pumps N in COOUN
HEATNG mode. made
Excess heat
Mol
coolrg towers
HEAT PUMPS
Heat extracted Heat rejected to
from ground ground for storage

storage

SCHEMATICS
Plant 4

Ground-Coupled Heat Pump Plant
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ANNUAL LOAD PROFILES -- BASELINE
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Annual Load Profile Comparison, Chicago Building A Baseline
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+ shading
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ANNUAL LOAD PROFILES -- HP
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Climate

Process Design Strategies
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Loads Energy

LOADS — Annual Load Profile Comparison, Chicago Buuldlng A High Performance
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+ loads | *High Performance Heating Load
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+ plant loads 15,000, e i
overview ‘ '
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ANNUAL LOAD PROFILES -- ALL
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25,000 Annual Load Profile Comparison, Chicago Building A

+ loads

+ loads approach 20,000

+ plant loads
overview )

+ plant heating
+ plant cooling

+ patient rooms zone
loads

+ patient room solar
loads

+ patient room peak
solar loads

+ shading

Coil Load, kBtu/hr

*Baseline Cooling Load

*Baseline Heating Load

* High Performance Cooling Load
| *High Performance Heating Load
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INDIVIDUAL ZONE LOADS

& TARGETING 100!

OVERVIEW LOCALIZE | PRECEDENTS | LIBRARY | W nisseaten oEsioH Lrs
Process Climate Design Strategies Loads Energy Cost
] ——————J

West Patient Room Zone Solar Load
Chicago

12 5 ‘
* loads ~— Baseline-West Zone Solar Load, Btu/hr-ft
+ loads approach i |—High Performance-West Zone Solar Load, Btu/hr-ft

+ plant loads
overview

+ plant heating
+ plant cooling

+ patient rooms zone
loads

+ patient room solar
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+ patient room peak
solar loads

+ shading
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SOUTH ZONE SOLAR LOADS
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ANNUAL ENERGY USE
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MEETS THE 2030 CHALLENGE
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OVERVIEW 300 # Two architectural schemes, averaged Scheme A
across six cities, the ground-coupled
heat plant option results in a 62%
energy savings and meets the 2030
challenge.

+ hospital energy
use
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cost
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WITH LITTLE ADDITIONAL CAPITAL
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OVERVIEW #+ The most efficient plant option is a 3%

R cost increase over the baseline option. Scheme A
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+ hospital energy
cost

+ goals

+ integrated design
+ opportunities

+ T-100 approach
*+ study design

+ energy outcomes

Relatwie Cost

Scheme B

+ (o)
b ,/'
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Process Climate Design Strategies Loads Energy C
[ ] | [——————————————————————]
CHICAGO, ILLINOIS BUILDING SQFT 476,094
% CHANGE FROM BASELINE UTILITY INCENTIVE ($4/SF) $ 1,904,376
SCHEME A1 SCHEME A2 SCHEME A3 SCHEME A4
A SUBSTRUCTURE
Al0 FOUNDATIONS 0% 0% 0% 0%
A20 BASEMENT CONSTRUCTION 056 0% (19 0% C H |
B SHELL
B10 SUPERSTRUCTURE 056 2% -2% 25
+ cost breakdown B20 EXTERIOR CLOSURE 0% 5% 5% 5%
B30 ROOFING 0% 2% 2% 2%
c INTERIORS NYC
C10 INTERIOR CONSTRUCTION 0% 1% -1% 1%
c20 STAIRCASES (03 -3% -3% 3%
C30 INTERIOR FINISHES 0% 0% 0% 0%
D SERVICES
D10 CONVEYING SYSTEMS 0% 0% 0% 0% =z
D1s MECHANICAL 0% 9% 9% 14%
D50 ELECTRICAL 0% -1% -1% -1%
3 EQUIPMENT & FURNISHING DHX
E10 EQUIPMENT 0% 11% 11% 11%
E20 FURNISHINGS 0% 0% (19 0%
BUILDING COST 210,397,410 215,000,515 215,012,161 217,591,541
COST DIFFERENCE W/ INCENTIVE S - S 2,698,729 S 2,710,375 S 5,289,755
PERCENTAGE DIFFERENCE 0.0% 1.3% 1.3% 2.5%
W Uk Copynight © 2012 Universty of Washington. Al
SCHEME B
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COST DETAIL
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BOTTOM LINE
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OVERVIEW

+ hospital energy
use

+ hospital energy
cost

+ goals

+ integrated design O O

+ opportunities

+ T-100 approach O O
+ study design

%/ S0srgy SUSCIes 4 Energy Reduction possible using + Increase in cost over typical design

* cost outcomes Targeting | 00! performance goals. using Targeting 100! goals,

+ conclusions *Includes a $4/ft utility incentive

+ early adopters
+ partners
+ team

+ about this site
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& TARGETING 100!

+ hospital energy

www.idlseattle.com/t100

Hospital Energy Use

Healthcare infrastructure represents a monumental
opportunity for energy reduction nationwide. The
building sector consumes approximately 50% of the
total energy used in the US, and within the building
sector, healthcare buildings are the second most
energy intensive type, accounting for 9% of all building
energy use, and 4% of all energy consumed in the US
[1,2]. In 2009 the private and public healthcare markets

combined spent $88.4 bilion nationally on new
construction. Most of this construction is being
designed at code minimum energy standards, and few|
projects exceed code minimum. Since hospitals take
from seven to ten years from pro-forma to operational
completion, it is very important to intervene today, and
to develop strategies for radically reducing energy use
impacting implementation now and into the future.
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LOCALIZE

& TARGETING 100!

OVERVIEW l EXPLORE PRECEDENTS ] LIBRARY ‘

W
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 plant type overview

Use our interactive chart
to learn how Target

100! research can
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Energy Option

Energy Results  + Cost Results
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Targeting100!

Envisioning the High
Performance Hospital:
Implications for a New,
Low Energy, High
Performance Prototype

Report

University of Washington’s Heather Burpee &
Integrated Design Lab Joel Loveland

with support from in collaboration with

Northwest Energy NBBJ Architects

oA a Solarc Architecture and Engineering
Efficiency Alliance’s TBD Consultants
(N EEA) BetterBriCkS Cameron MacAllister
e e Mahlum Architects
Initiative Mortenson Construction

Copyright © 2010 University of Washington.
Al Rights Reserved. For permission on
using this document: burpeeh@uw.edu
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Advanced Energy Design Guide
for Large Hospitals

Achieving 50% Energy Savings
uilding

Toward a Net Zero Energy B

~ o A

Developed by

ASHRAE

The American Institute of Architects

llluminating Engineering Society of North America
U.S. Green Building Council

U.S. Department of Energy
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Misc. Equipment 13.0%
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Service Hot Water |.7%

Vancouver, Washington/Climate Zone 4C Process Steam 6.2%
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PACIFIC NW HOSPITAL PROJECTS

Swedish Issaquah 125 KBtu/SF Year Strategies
N \ \ ' Integrated Design

A \ M Energy Goal Setting
N : Energy Benchmarking

_ Ll . v Energy Modeling
TN ; Occupancy Sensors
: _\ VAV

2 ‘ Supply Temp Reset

I\ B » = y Heat Recovery

T Heat Recovery Chiller

o Largest PSE Incentive
InS $4.2M

\
\
yl
“+ ¥
~dq ™

1
. . S

< af%ﬂ L’s Roles wit dish Issaquah
-~ ¥
! , Master Plan with Mahlum ‘08

Contractor on Scandinavian Study Tour 09

Technical Assiﬁﬁdnce with Mahlum "08-"09

Technical Assistance Wiih‘*-CoIIins Woerman "08-'10

Ej’efgyj_}goﬁi{eling Review with CDi ‘10

=
%\ =

eTﬁre project team ’07-'12

r—
)

\
Y/ [ B & |

Average Pacific Northwest Hospital

270 KBtu/SF Year

‘05 Nome Hospital. Mahlum
‘06 Providence Everett. ZGF
200 KBtu/SF Year
‘06 Peace Health St. Joseph. Mahlum
‘06 Seattle Children's Hospital Master Plan & Tower. ZGF
175 KBtu/SF Year
‘07 Mercy Medical Center. Mahlum
‘07 Providence Newberg Post Occupancy Assessment. Mahlum
‘07 Virginia Mason Tower. NBBJ
‘07 UW Medical Center Montlake Tower. NBBJ
145 KBtu/SF Year
’07-"10 Swedish Issaquah Hospital. Mahlum, Collins Woerman
125 KBtu/SF Year
‘08 Providence Alaska Medical Center. ZGF
‘08 Seattle Children’s Bellevue Clinic. NBBJ
97 KBtu/SF Year
‘09 Spokane Sacred Heart. Mahlum
‘09 Swedish Medical Office Building, Mill Creek. Mahlum
‘10 Valley Medical Center MOB, Covington. NBBJ
10 Women and Children’s Pavilion, Madigan Hospital. ACE
‘10 Peace Island Medical Center. Mahlum
115 KBtu/SF Year
10 Ketchikan Medical Center. NAC Architecture.

*Energy use estimated by energy models
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NEXT STEPS

() Healthcare 2|

== Some aspects of high performance hospitals were not able to be included in the
scope of Targeting 100!, but may be considered in further research.
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JOEL LOVELAND
UW Integrated Design Lab
loveland@uw.edu

THANK YOU FOR PARTICIPATING I o

HEATHER BURPEE
UW Integrated Design Lab
burpeeh@uw.edu
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