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Project Context

> Unique aspects of this project: client, location, program

Problem

> Incorporating natural ventilation in offices of a laboratory building
> Designprocess
> Local climate

> Applicable standards and codes

Solution

> Building organization

> Load reduction

> Facade development

> Related mechanical systems
> Projecting performance

Conclusions
> Phase change material performance

> Occupant satisfaction
> Energy and carbon savings

> Costimpacts

Presentation Overview CONTEXT



Sustainability Ratings

GOLD rated campus (STARS)

Rated in top 10 U.S. Universities in Sustainability
(Sierra Cool Schools, 2016)

Sustainability Accomplishments

Salmon Safe Campus
15% reduction in GHG since 2015

Sustainability Practices

31 UW LEED-Certified Projects
13 UW Registered Projects (certification pending)

LEED Silver is mandated for all state-funded University of
Washington major projects.

University of Washington (UW) CONTEXT




UW Carbon Initiatives & Building Stock

Signatory to the American College and University Presidents
Climate Commitmentin March 2007.

Performed an inventory of greenhouse gas emissions
attributable to the University.

Developing a carbon reduction plan.
Operates over 20 million gross square feet of space.

Owns 527 buildings, leases 175 another at 3 campuses
and numerous field facilities.

48% of the total square footage on the Seattle Campus is air-
conditioned, with laboratories and classrooms commonly
being air-conditioned.

Office space is approximately 25% of all space on campus,
and is the largest single category of space.

UW Carbon Initiatives & Building Stock

CONTEXT



Project Goals

Provide instrumentation space to supportfuture
high sensitivity measurementin the rapidly evolving field of
molecular engineering;

Address campus needs for modern lab space
as researchrequirements for advanced labs have expanded
faster than the current infrastructure can support;

House flexible research lab spaces designed

to bring different fields together attracting eight
new interdisciplinary faculty hires to join approximately 30 other
faculty from bioengineering, chemical engineering, electrical
engineering, materials science and engineering, biochemistry,
chemistry, and microbiology.

Phase 1 m Lab
m Misc
Phase 2 m Office
0 10,000 20,000 30,000 40,000 50,000
Net Square Feet
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Energy Conservation Measures:

1. Natural ventilation

2. Optimized laboratory/fume hood VAV System, including:
* reduced laboratory ACH rates
* low flow VAV fume hoods
 occupied/unoccupied controls
* chilled beams where feasible

3. High performance windows and optimized shading
4. Daylighting/efficientelectric lighting
5. Heatrecovery from process chiller

6. Dynamiclaboratory stack exhaust, under study

7. Maximum efficiency pumping, with:
* variable flow hydronic systems with pressure independent valves

Project Energy Conservation Measures

CONTEXT
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Phase 2

Phase 1
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CONTEXT Science Courtyard CONTEXT



Weather

Building Structure
Lab/Office Program
Willing Client

Energy Intensive

Load Reduction Capable

Life Cycle Cost Driven Solutions

Lab Ventilation Energy Burden on Office System

Characteristics Related to Natural Ventilation CONTEXT



Energy: Reduced energy use

Costs: Reduced operating costs
Reduced construction costs

Reliability: Reduced mechanical systems

Occupants: Increased satisfaction and productivity
of building occupants

Climate: Opportunities presented by Pacific NW
climate

Potential Benefits of Natural Ventilation? PROBLEM




Design

» Conceive natural
Process ventilation approach
* Apply experience to
arrive at concept
TOOlS » Climate tools

(temperature, wind)

Schematic

Design

Development

Define criteria for evaluation
ASHRAE
CIBSE

Educate the UW

Earn UW buy-in

Natural ventilation charrette

Establish impact to first cost

Energy model (define peak
loads)

Single-zone bulk air flow
model

Ecotect (facade insolation)

Construction

Documents

Refine design: apertures,
thermal mass, wind, solar,
and mechanical assists

Determine energy savings

Life-cycle cost analysis

CFD/multi-zone air flow
model

Energy model (overall
energy use)

Spreadsheets (cost
analysis)

Process of Design

PROBLEM
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Annual Temperature — TMY3 Seattle Boeing
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Cumulative hours exceeding temperature
Data sources: UW ATG huilding and TMY3
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SEATTLE (UW)

JANUARY - DECEMBER
HOURS: 0-24
116282 MINUTES

ENE
@ 8 MPH+ (22.7%)
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Average wind speed: 6 mph
% calm: 0.0%
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FUNCTION CRITERIA

1. Temperature control (68°F-83°F)

2. Ventilation 4% operable window area

of zone floor area
ASHRAE / Seattle
Building Code

LEED EQ C2

3. Acoustical performance  Separation from
vehicle noise

4. Lab/office separation Containment control
of lab air

Natural Ventilation Design Criteria PROBLEM




ASHRAE Comfort Range for Mechanically Cooled Spaces

Traditional Comfort Range PROBLEM



ASHRAE Comfort Range for Naturally Conditioned Spaces

PROBLEM



ASHRAE Comfort Range for Naturally Conditioned Spaces

Comfort Range Comparison PROBLEM



ASHRAE Comfort Range for Naturally Conditioned Spaces

Adaptive Comfort and
Temparature Percentils Analysis
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1. Program orientation within building
2. Single sided vs. double-sided ventilation

3. Lab separation
4. Others

Conceptual Considerations SOLUTION
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SOLUTION



Scheme 1: office on west

SOLUTION



Scheme 2: office on east &>

Nanoperable windows of labs might be better

fit for noisier, dirtier western edge. Structure L a
may need to be reinforced for additional | » Orlent stack outlet away from prevailing
vibration control. | & wind to create greater suction ta drive stack

) effect. Solar gain might also be used to

| create heat differential and further induce aly
flow. Stack may need to be taller and/or fan
assisted te compensate for lack of breszes

v from the east.
.'-F-\"'\ = #’_—
) | —
\I .'I:
ADVANTAGES DISADVANTAGES
+ Offices more protected from noise and dirt of busses - E/NE orientation of offices reduces potential of using pre-
+ E/NE orientation of offices reduces heat from sclar gain vailing winds to drive natural ventilation (must rely on

stack effect alone, opening sizes and/or stack height
must be increased to compensate)

Building Organization SOLUTION



Air-tight lab/office boundary

SOLUTION



Developing System Components
Load reduction

Facade development

Chimney configuration

Aperture size

Exposing building mass (insulation of slab)

Developing System Components SOLUTION



Peak load: July 101, 10am (Temp = 73F)

30 = infiltration
@ equipment

25 m lights [75% reduction]
M occupants

B glass, solar [81.7% red. )
M glass, conduction

W roof conduction

M wall conduction

Btu/hr/SF

10 -
5 -
0 -
baseline target
for N.V.

SOLUTION



Daylight factor (%)

Target | Daylight factor
illum. Avg over

(fc) 34 0.9/ space
30, 75.9| 26.9% 51.4%
20, 87.9| 40.3% 64.1%

(vs. 75% goal)

Reducing Electric Light Usage Through Daylighting SOLUTION




J L | "W
I - -
— P — B, 185 —0 oz
T ba B o
_
T S ()
1— " Iy B
— B w T [ BN

o

2 R aroels
R LA i

0A7 0 AR a "4 ~izk, F

; &3 W | EX RN A 5-500 Tzt £ shedsw 187 cpor.
SOLRASLL Wb sl A S L2 l2A Ll WD i
st naTen 400 20 onnen -'|’cr|}

teslmic.en 2.7 sl coen acsa)

. A
- b 5
- - | [
] — wY 7 v
. G
5, N
|
B3 * =
Mo
] : ! M7
o . A y -
. T . _—— e At
. o N e >
o L . e
. __ [
DOASAG A Ui, AME anonun
_ “ or .
M T 2HA ra~ 14 bolb, bk noasas
S-REHEASE WD z

rora
(ex~mates 37 =f opea arne) DOREAEE MINDDW Elfon nt T

HeoS T e 4

PR AP

fostivotne T2 a7 noncooracd

Facade Development SOLUTION




Facade opacity >
40.8% red.

Glass type
34.1% red.

A\

Overhangs
51.6% red.

v

Total
81.1% reduction

(vs. 81.7% goal)

SOLUTION
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SOLUTION
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Stack area (SF)

Stack Performance: Single Zone Model SOLUTION




AREA: 25.5SF(12.75x 2)
LEVEL1 HEIGHT: 62’-0"

AREA: 39.12 SF (19.56 x 2)
LEVEL 2 HEIGHT:  46’-0”

AREA: 34.22 SF(17.11x2)
LEVEL3 HEIGHT:  30’-0”

Actual Stack Areas and Heights SOLUTION
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Stack Performance: Single Zone Model SOLUTION




Predicted fan use:

All year
Total hours: 33
Peak need: 7.3 btu/hr/F
Avg need: 2.1 btu/hr/SF
Summer
Fortnight

SOLUTION



MANUALLY OPERATED

I / FOR USER CONTROL
l.

Operable Window Strategy

10’

16'

SOLUTION



Operable Window Strategy SOLUTION



Each floor has 16 windows:

# Windows Effective SF
Mechanically actuated 8 40.6
Human operated 8 40.6

SOLUTION



Occupant control strategies SOLUTION



1. 500 CFM supply air from lab system
Thermal transfer through lab/office boundary
Mechanical assist for chimneys

Ceiling fans

o ~ LD

Night flush of thermal mass

Additional Cooling Features SOLUTION




Baseline excludes mass With mass With mass
and mechanical assist. Excludes mech. assist. With mechanical assist.

Preliminary Macro-Flow Interior Temp. Results SOLUTION
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ASHRAE Standard 55 predicts that air flow provided by cooling fans can
reduce effective air temperature by 3°F.

Ceiling Fan
< |

SOLUTION



BioPCM™ phasechangemeierial I,
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Phase change material

SOLUTION
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WIND-DRIVEN TURBINE
EXHAUST WITH BACKUP
ELE{:TR1C MOTOR \ ..... ..... __

AUXILIARY LOUVERS —\ ;

INSULATED GLASS IN

METAL FRAME \

PANELS

INSULATED
11 METAL WALL

',n'............._,'r

SCALE: 1707

SOLUTION
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> Phase change material

> Thermal comfort

> Energy Savings

> Carbon Footprint Evaluation

> Cost
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PCM effectiveness




CBE Post Occupancy Survey Results
(% occupants satisfied)

Overall Building
100%

Thermal Comfort Acoustic Quality

Office Layout Air Quality
Office Furnishings Cleanliness
Lighting
= «#= CBE Benchmark Average e=fli== J\W MoIES

Thermal comfort




80,000

70,000 - m Cooling energy ___
680,000 - B Fan energy —
50,000 -
e
< 40,000 -
v
30,000 -
20,000 -
10,000 -
0 = T T _ﬁ
Convential Cooling (30% Natural Ventilation

return air)

Energy Savings vs Typical |




Estimated Office Natural Ventilation Savings

Baseline Mechanical Natural Ventilation
Cooling VAV Mechanical Assist

Energy Savings




Natural Ventilation Reduces CO, by 44 Metric Tons

What does this mean?

103 barrels of oil burned per year ....or
8 carson theroad ....or

5,039 gallons of gasoline being consumed.

Carbon Savings |



$600,000

Increases
$500,000 = HVAC
1 Openings
5300,000 - m Thermal/moisture
$200,000 - $205,000 protection
$165,000 B Metals
.$130,000
»100,000 - W Concrete
S0 - ,
Reductions
-$100,000 - W AHU Sizing
-$200,000 - W Terminal Units
300,000 - M Ductwork
’ B Heating Water
-5400,000 .
’ Radiant Radiant Baseboard Plping
Slab Heat Panel Heat Heat

Cost Impacts & Net Effect of Natural Ventilation




Not Easy to Implement
Requires:
Committed Team
Integrated Design
Aggressive Load Reduction

Educated Occupants

Sy ]




Integrated Team:
ZGF Architects LLP
Affiliated Engineers, Inc.

University of Washington

SOLARC Architecture and Engineering

(Energy modeling & early natural ventilation concepts)

Seattle City Light

(local utility, helped fund energy model and provides energy conservationincentives)

Hoffman Construction
(contractor, provided cost estimation)







