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Set aggressive goals
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Reduce energy use
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Opt for renewables
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Energy Sources







earth receives more
energy from the sun in just
one hour than the whole
world uses in a year. *

*solarbuzz.com
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Electricity ,,

Costs

Electricity Price
(cents/kWh)
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Author -Bilfly Roberts - March 30,2010 This map was produced by the National Renewable Energy Laboratory for the US.Department of Energy.
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First Cost Trend i o3

Average Price of PV

First Cost Trend
Average Price of PV
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1998 2003 2008 2013 2018 2023 2028

Source: , , , and
. Berkeley, 2013.
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http://emp.lbl.gov/publications/author/336
http://emp.lbl.gov/publications/author/336
http://emp.lbl.gov/publications/author/336
http://emp.lbl.gov/publications/author/848
http://emp.lbl.gov/publications/author/312
http://emp.lbl.gov/publications/tracking-sun-vi-historical-summary-installed-price-photovoltaics-united-states-1998-201
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Net Zero Energy s i
Energy Use | Solar Budget
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Are Everywhere

300

285 us CITIES WITH POPULATION > 100,000

200

> 90% or rouGHLY 250 us cITIES

106 USE SECONDARY NETWORKS

US CITIES WITH POPULATION > 100,000
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Edith Green-Wendell Wyatt i

Modernization Project

Transform a 512,400 square foot, 18-story, 1974 office building into a LEED
Platinum cornerstone of GSA's green building portfolio.

Budget: $ 141,000,000 m
oA GSA



Edith Green-Wendell Wyatt

S o) | ar PV SERA ARCHITECTS @
Solar Site Analysis Report

Image File ROOF_NW_02.JPG
Solar Obstruction Data

Month Unshaded % of Actual Solar Rad u
Ideal Site w/ Shading 0
AZil h=180 Azi h=180.0 O V I
Tilt=45.52

AL IE L 23

Tilt=45.52
KWH/m /day

January 71.00% 1.48

February  €3.00% 240 O a r
March 100.00% 3.89

April 100.00% 435

May 100.00% 5.29

June 100.00% 5.30

July 100.00% 8.01

August 100.00% 5.55
September 100.00% 5.00

October 100.00% 3.79
November 73.00% 1.48

December  70.00% 1.02

Totals 92.29% -

Unweighted Effect: 96.32%
Yearly Avg Sun Hrs: 3.80

Azimuth/Altitude Data

Azimuth / Altitude {degrees} where North = 180 degrees

[-125 00 |[-80 00 |35 17.0 |10 35 |55 95 [100 1.0
-120 (ENE) 0.0 |-75 0.0 |[-30(SSE) 1.0 |15 35 [60(WSW) 9.0 |105 0.0
|-115 00 |70 00 |25 20 |20 260 |65 25 110 0.0
:-110 1.5 -85 0.0 -20 3.0 25 28.0 |70 15 115 55
|-108 0.0 |-60(ESE) 50 |-15 3.0 |30(ssw) 275 |75 10 120 (WNW) 45
|-100 00 |-55 00 |10 35 |[35 25 |80 25 |125 0.0
|95 0.0 |-50 00 |5 30 |40 30 |85 25
|90 (E) 0.0 |[-45(SE) 17.0 [0 (S) 35 [45(swW) 35 (90 (W) 3.0
|85 00 |40 185 |5 35 |50 50 |95 35

Notes: ROOF_NW_CORNER

s I

Report generated by SolarPathfinder Assistant Version 2.0.4.0. htip:fwww.solarpathfinder.com



Edith Green-Wendell Wyatt
Rooftop PV

OVER 13,000 SF OF PV
180 kw

25,000 SF CANORY

COLLECTS RAINWATER
FOR TOILET FLUSHING,
IRRIGATION, AND L Iy
COOLING TOWERS  Th ‘um by ] ‘H"Ju
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PV Array
In detail

Solarworid 250W

Number of modules

2 Unit Nom. Power
) Peak System Output
l Produced Energy

Panel Efficiency (STC)
System Efficiency

/15
250 W
179 kW

209,000
KWh/yr

14.9%
~13%

-
-
-
-
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PV Array

Components
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PV Array

System Interconnection

PV ARRAY PV ARRAY PV ARRAY PV ARRAY PV ARRAY
1 2 3 4 5
Jocour I I I I

DC DISOONNECT DC DISCONNECT DC DISCONNECT DC DISOONNECT DC DISCONNECT

INVERTER INVERT ER INVER‘I’ER INVERTER INVERTER
AC COMBINER
PANEL
I \
UTILITY »| T H T H T | acourTo0
L A L BUILDING LOADS
BUILDING

DISTRIBUTION



NREL

Success Stories

I
Hissonn
oo

0'0 =1
b & “‘N?:- National Renewable Energy Laboratory
.

Photovoltaic Systems Tectmions Fepar
Interconnected onto Secondary April 2009
Network Distribution Systems —

Success Stories

Mike Coddington, Ben Kroposki, and Tom Basso
National Renewable Energy Laboratory

Kevin Lynn
Sentech. Inc

Dan Sammon
Consoletated Edison of New York, Ing

Mohammad Vaziri
Paciic Gas and Electric Company

Tom Yohn
Xoel Energy




PV Array

Minimum Import Relay

PV ARRAY PV ARRAY PV ARRAY
1 2 3
Joca | |

DC DISCONNECT DC DISCONNECT DC DISCONNECT

i v v

INVERTER INVERT ER INVER‘I’ER

PV ARRAY
4

DC DISCONNECT

v

INVERTER

AC COMBINER
PANEL

MINIMUM
IMPORT
RELAY

UTILITY

BUILDING
DISTRIBUTION

ACOUTTO

PV ARRAY
5

DC DISCONNECT

INVERTER

BUILDING LOADS

AL IE L 23
Hissoen
iseeoe

-—--e
-



PV Array

Minimize Array Size

PV ARRAY PV ARRAY
1 2
IDCOUT l
DC DISiNNECT DC DISiNNECT
AL AY]
AC AC
INVERTER INVERTER
«\
AC COMBINER
PANEL
— ‘ iy )
il | __ -
UTILITY »| T H O H 1 |=> acourTto
CIC m | mm BUILDING LOADS

BUILDING
DISTRIBUTION
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PV Array e

Dynamically Controlled Inverters

I | |
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| | |
| 3 | |
! I {

PV ARRAY PV ARRAY PV ARRAY PV ARRAY PV ARRAY
1 2 3 4 5
jooom I I é |
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Net Electricity

Energy (kWh)
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Energy (kWh)
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Opportunity Lost o

More Than 35% of Possible Production Lost

Monthly Estimated PV Available and PV Captured
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Month
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Seattle

Downtown Network

Lake Washington
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Net Zero Energy s i
Energy Use | Solar Budget

40,000 Solar Energy Production
35,000 _N
—F
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e oo Energy Surplus
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Bullitt Center ..z.zf:...
PV Area |

EUI 92

64,000 SF of
PV
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Bullitt Center - Hi
PV Area ’

EUI 52

45,000 SF of
PV
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PV Area |

EUI 32

26,000 SF of
PV '




Bullitt Center
PV Area |

EUI 16

14,000 SF of
PV
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Grasshopper

File Edit Yiew Curve Surface Solid Mesh Dimension Transform Tools Analyze Render Help
:Choose world view ( Top Bottom Left Right Front Back Perspective ): _Top

:Command: | v S

DEEEFXDI~0 3P 0P Bascr0a8000@ 95,0

"""""""" Perspective X s : - 52 bR e S Perspecﬁve Properties «:ocoiciicii B30 Lavers - All Layers s (3
: Grasshopper - PanelizedOverhang2 i:H_E_iiX\

i File Edit Y - Solution  Window  Help PanelizedOverhang2 B

' Params Vector Curve Surface Mesh Intersect XForm

N\ [ 000e000@ 0RO
QOO0 QUEOLe RPIHUuVe

Z‘ A% v:l:'mtﬂ)' ;'Qe ».v au@.'

DEDI O ABENOBIVAR> ¥
t §% 40 LRQYQ®9JIOGU -
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Net Zero Energy - PV

Scheme 11

T T
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1LY
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LA}

i
1
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Scheme 2 - TILTED ROOF ARRAY (15 deg tilt @ Back):

ROOF (5 deg West) = 7,258sf = 123,000 kWh/yr

ROOF (15 deg Southeast) = 4,240sf = 73,000 kWh/yr

SOUTHEAST WALL = 750sf = 9,000 kWh/yr

SOUTH WALL = 4,015sf = 50,000 kWh/yr (3,500kWh/yr/row)

255,000 kWh/yr (+9K v. BASE)



Net Zero Energy - PV
Scheme III

I
b'Y L
LLA|
A
LA}

0,
1
L

13
i

LYY
L%
LY

tT
T LY
LURT
\." Ll
L1
b T
3% oy A 1
T
L,
3 p—1

Scheme 3 - TILTED ROOF ARRAY (25 deg tilt @ Back):

ROOF (5 deg West) = 7,258sf = 123,000 kWh/yr
ROOF (25 deg Southeast) = 4,514sf = 80,000 kWh/yr
SOUTHEAST WALL = 750sf = 9,000 kWh/yr
SOUTH WALL = 4,015sf = 50,000 kWh/yr (3,500kWh/yr/row)

262,000 kWh/yr (+18K v. BASE)



Net Zero Energy - PV

Scheme Ia

N -
wtl Bl
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Scheme 1la - South Spaced 10.5” (15 deg tilt @ North Roof):

Panel Orientation Area Panel # Sanyo 205 SunPower 315
ROOF SOUTH (5 deg West): 6,272sf = (503 panels) 101,500 kWh/yr (110,500 kWh/yr)
ROOF MIDDLE (5 deg West): 611sf = (49 panels) 10,000 kWh/yr
524sf * 70% = 367sf = (42 panels) 7,000 kWh/yr
(Sliding roof section) 1,048sf * 75% = 785sf = (84 panels) 12,000 kWh/yr
ROOF NORTH (5 deg West & 15 deg SE): 4,539sf = (364 panels) 78,500 kWh/yr (85,500 kWh/yr)
SOUTH WALL: 2,918sf = (234 panels) 36,000 kWh/yr

(1276 panels) 245,000 kWh/yr (261,000 kWh/yr)



Sunpower 425
SPR-425E-WHT-D

Number of modules
Jnit Nom. Power
Peak System Output
Produced Energy

Panel Efficiency
(STC)

System Efficiency

570
425 W
227 kW

242,000
KWH/yr

19.7%

~16%
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Typical Tenant Floor

Courtesy: Miller Hull



Section Looking North
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Section Looking East
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Average Building Energy Use g

EPA Target Finder Score of 50 (Median EUI)
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Average Building Energy Use i
EPA Target Finder 50 Score Bldg Energy Use
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PV Production by City as

Solar Power Generation at Horizontal
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“"Best” Building Energy Use e
EPA Target Finder 100 Score Bldg Energy Use “
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Energy Use & PV Production st EE

National Solar Harvest vs. Median EUI

L
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Target Finder Score of 100

9% of Roof Area to Achieve Net Zero

Miami - 31.1 ¢ B

St. Louis - 35.5
Boston - 35

¢

¢

New York - 34.8 ¢
L 4

Chicago - 35.9

Atlanta - 29.3 ’ .

Houston - 30.1 Q -

Denver - 31 <> B

kBtu/sf/year

Phoenix - 32.8 ‘ -

Minneapolis - 37 ’

Los Angeles - 27.7 O ]

San Francisco - 27.4 ‘ .

Portland - 29.3 ‘

Seattle - 29.2 ’

0 50 100 150
Roof % Needed for Net Zero

200
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¢ 1 Story
N 2 Story

3 Story
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Bullitt Center Equivalent Buildings

9% of Roof Area to Achieve Net Zero

Miami - 17 ® L : []
St. Louis - 19.5 . I ‘ .
Boston - 19.2 o I ‘ -
New York - 19.1 O : ¢ B
e 3 Stor
Chicago - 19.7 o L 2 [] Y
Atlanta - 16.1 O ¢ | ] ¢ 4 Story
Houston - 16.5 O Q : - m 5 Story
Denver - 17 . _
¢ R 6 Story
Phoenix - 18 O ‘ .
Minneapolis - 20.3 O : ¢ B
Los Angeles - 15.2 @ <> i
San Francisco - 15 ®) ¢ ] I
Portland - 16.1 . : ‘ -
Seattle - 16 C ) ¢ B
| . .
50 100 150 200

Roof % Needed for Net Zero
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Net Zero Energy In Seattle T L
Energy Use + Solar Budget
100.0
92
90.0 S B — r = _I m PV Roof
I |
80.0 - : 0l ® Domest Hot Water
| g : Elevator
i T
70.0 | > | Vent Fans
;) 1
60.0 - I m__|7 B Pumps & Aux
o I
50.0 : o\ I E Space Cooling
: o0 I ® Space Heating
40.0 - l : = Plug Loads
I
30.0 - | : mIT Server
I
i L _ _I Lights
20.0 230,000 kWh 229,000 kWh
10.0 —
0-0 I | | | 1
Average Seattle Energy LEED Platinum PV Budget Proposed
Building Code Building  Building (19 Building
(Energy Star Energy Credits)

Score = 50)



Net Zero Energy

Energy Consumption

PUMPS &

AUX DOM. HOT
5% WATER 1%  FaNS 1%
LIGHT
DOMEST. (33% S\,,.\ pedl
HOT

WATER

~ COOKING
1% ;

3% HEAT 1% 4

COOLING
7%

TOTAL

SPACE
HEATING
40%

SAVINGS
83%

Typical Building Proposed Building



Proposed Building Energy Use

OTHER MISCELANEOUS
DDCSYSTEM  AlLOWANCE LIGHTS

%

)
GARAGE DOOR OPENER

{, | DISHWASHERS

SPACE HEATING
SPACE COOLING &L}

0.4%
— 2%
07 microwAvEs
1%

B “BIG ASS" CEILING FANS

REFRIGERATORS 2%

1%
COPIERS & PRINTERS VENTILATION
FANS

MONITORS

WORKSTATIONS

DOMEST HOT WTR

IT SERVERS






Goals
Envelope + Lighting (watts/sf)

Envelope 2012 Seattle | Bullitt Center
Code

Roof R-38 R-38
Wall R-19 R-21.4
Glazing R-2.5 R-4

VT = 0.53
Infiltration 0.40 cfm/sf .24 cfm/sf

(New)
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Reducing Plug Loads .
2007 g

250 watts
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Reducing Plug Loads o
2009 i

22" CFL-LCD 22" CFL-LCD

160 watts



Reducing Plug Loads i, B

2013

22" LED-LCD . 22" LED-LCD

watts
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Reducing Plug Loads i T
2013
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BUDGET saEii:

Product Inventory . i
2013 e
ENERGY

QTY W/ea HRS / DAY (kWh/Day) Days/yr kWh/yr

Collocated Server
IT Equipment 1 2212 24.00 53 365 19,379

Refrigerator 6.5 200 12 16 365 5,694
Microwave 6.5 1000 1.56 10 252 2,555
Coffee Pot 6.5 1000 3 20 252 4,914
Dishwasher 6.5 500 2 7 252 1,638
Laptop Computer 35 40 8 11 252 2,822
PC 112 51 8 46 252 11,515
Thin Client 26 20 8 4 252 1,048
Monitor 286 25 8 57 252 14,414
Personal Misc (per person) 173 15 6.1 16 252 3,989

|

onference Room
TV display or projector 15.0 110 8 13 252 3,326

i

opy Room
Copier 8.6 1100 3.91 37 252 9,321

Ceiling Fan 31 290 1.5 13 252 3,398

84,016
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Tool: Bentley Tas

Hourly natural ventilation
analysis
=+ Multi-zone

+ Single-sided, cross-flow,
stack-drive ventilation

-+ Accounts for thermal mass
effects

“Operates” building
openings based on user
inputs




Number of Hours
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Bullitt Center Comfort Study {o

Total Hour Space Temperature Falls in 1°F Bins

350 i
m >85
300 m 84 to 85
| Not
Comfortable
m83 to 84
250 ——
. 82 to 83
i 81 to 82| comfortable
200 with Ceiling
m 80 to 81| Fans
150 - 79 to 80]
m78to 79
100
77 to 78 [ Comfortable
50 m7/6 to 77
m75 to 76
0 T 1

2nd 2nd 4th South 4th South
No Cooling Radiant No Cooling Radiant
Cooling Cooling
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Outside Air
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Bullitt Center
HVAC System Overview

N Outgoing air

y E\’JEXMUS!

uAOutsde Alr
[ )

“—H— 100% Outside

1\, = = . —
v t = § s 3 S . ',' %\ A
ir Heat g
' (‘ / S, [ || LA Tolet Recovery Unit M

Exhaust | )

Fioor

. - T s LAl
— T — o = 4 A
> Natur, \"\ "’\’;"‘ i f
Wnt% H ]

\,m.\‘-)w

—

)
y
ionf:3 P pr— 1 oo : l {
Radiant PR | | ‘ “
Flooring e S o - e s e
| Ban-- aa = —3| |+ Incoming “
I . "N o 1S -
Ventilation Air | | Kﬁ ! air |
" i
| ST - 14 |
el et | | a y
% & - H 1 lstesting waters NN
| | _fiChilied Water _ \ W
T e fud N
2 —— —
Condenser f
Water S Waler to Water N
%. ~ _Heat Pump
Pump I —

T 1T

26 Geothermal
Wells







4 Wi 12 E

B E: ?%E%;“::
_f_ _ T zgms T

.:E:!Eﬁ_,_ _

a» - s TS

=
4"
e
)
9
o
ﬁ
§L
7))
)
-
—
[—]




-
v'

v ‘l‘ '.I
. D.. 41
I 7 B

m .

—_— -
T = ST

e ——

=



Financial Considerations

Market Rate Lease Rates - Seattle Class A

Class A
($/sf)

Triple Net Lease ~$30-40

Operating Cost N$ 10
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Financial Considerations st EEH

Direct Construction Costs

$350 / SF $265 / SF

Includes City infrastructure Does not include PV, water
improvements and costs system, or city infrastructure
associated with the PV array. improvements.
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Energy production 50/0 = than predicted

Building energy use 100/0 than predicted




How Public Policy Can Help
Living Building Challenge

Seattle Living Building Pilot Ordinance
« 10 foot building height bonus
« Additional height for PV and “rooftop features” (skylights)
« Elimination of on site commercial loading berth

Term Permit
« PV over right-of-way
« Greywater infiltration in right-of-way



Beyond Net Zero

Rocky Mountain Institute Headquarters

- Building
EUI

Transportation
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Beyond Net Zero i
In the Rocky Mountains

1 Parking Space _— PV Production EV Travel

9x18’ - 1.6 kW 30 miles/day



Conclusion

Autodesk

Paul Schwer, PE, LEED AP
Paul.Schwer@pae-engineers.com

Scott Bevan, PE, LEED AP
Scott.Beven@pae-engineers.com

Jonathan Rowe
jonathan.rowe@autodesk.com

Brad Jacobsen
B.Jacobson@ehdd.com

inspire interpret integrate
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Bike Rack
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phytoremediation

modular
construction /
pizeoelectrics fa b rication

biophilia

buildings that give back

gaming to reduce energy food waste to
energy

how do you measure

health?
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Gaming to Reduce Energy s, EER

Current Ranking

Time at
Computer

# of Employees
Playing

Energy in Use

Energy Available
KWH/day
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US Photovoltaic Solar Resource
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Electricity Price by Region i,

Electricity Price
(cents/kWh)
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Author : Billy Roberts - March 30,2010 This map was produced by the National Renewable Energy Laboratory for the U.S. Department of Energy.
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Reducing Plug Loads i
2010 HE

22" LED-LCD 22" LED-LCD 3 2

60 watts



US $/W

First Cost Trend

Average Price of PV
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First Cost Trend
Average Price of PV
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