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Beyond Zero Net Energy Buildings Case Studies
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President



Learning Objectives
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Beyond Zero Net Energy Case Studies

MEETS - Metered Energy Efficiency Transaction Structure
Thermal Comfort path to Zero Net Energy

The path to a DC powered building









Rise of Renewables - States

California
50% renewable
power by 2030

New York

50% renewable
power by 2030

Oregon
50% new renewables by 2040

80% total renewables by 2040

Hawaii

1009% renewable
power by 2045



Cities with Renewable Pledges in 2016




Cities with Renewable Pledges in 2017

Kodiak

@® Island, AK
100%

As of June 22nd 2017, 36 US
cities have committed to

100% renewables

Burlington
Portland 100%
by 2050 | @ \' Hanover
Cambridge by 2050
by 2035 ‘/
Rochester : \.
South Lake Salt Lake City by 2031 () easean @ Grand Rapids East
. Tahoe by 2032 o by 2020 as
San Francisco by 2032 i Hampton
Park City o
by 2030 \ : by 2030
o by 2032 Aspen poyider Rock Port Pittsburg
San Jose_’Palo Alto 12/" by 2030 ® 100% = AV Southamoton
by 2022 100% Moab Pueblo b 202?
/‘ by 2035 by 2035 Y
Montery | Greensburg
by 2040 /. Red River @ 100%
Quest by 2030
Santa Barbara b
y 2030 .
by 2030 Eagle Nest ® © columbia
Del Mar by 2030 by 2036
by 2030 i Atlanta
. Angel Fire by 2035
San Diego by 2030
by 2035 Georgetown
100%
o v ‘S i St. Petersburg
Taos ita Springs
by 2030 by 2030 @ _Ssarasota
by 2045

Taos Ski Valley

by 2030

Source: Business Insider



Net Zero Energy: PAE Projects

EWU Sustainability Center

Karuna House
Cheney, WA

Zenger Farms [
Portland, OR

® Confidential Project
Montana

Sokol Blosser Winery @

Dundee, OR Desert Rain
. Residence
Oregon Zoo Educational Bend, OR
Center
Portland, OR
Golden Gate Park ® Corn Creek

Tennis Club Visitor Center e

Las Vegas, NV : @ Osage Nation
Pawhuska, OK

San Francisco, CA

Presidio Park

San Francisco, CA Conrad N Hilton

. Foundation
Alcatraz Landing Agoura Hills, CA

Renovation
San Francisco, CA

® Achieved
® Pursuing
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Net Zero Energy in Seattle

THEAS *+tcsiraiiocinasssis snnuamamnsmnoems f o & @6 S0N S 5O SR TS S0 DS S99 8 60 5 Soh & bk 34
B ] 0
90.0 . 0
200 I . SAVINGS
M PV Roof

700 T o Domestic Hot Water
. [ Elevator
4 60.0 @M T B Vent Fans
]
-..\T 5 2 Il Pumps & Aux
g 500 @ - """""""""""""""""""""""""""""""" o Space Cooling
b B Space Heating
= 40.0 - o Plug Loads

IT Server

30.0 B Lights

20.0

10.0

0.0 Average Seattle Energy LEED Platinum PV Budget Proposed
Building Code Building Building 230,000 kWh Building
(Energy Star (19 Energy Credits) 229,000 kWh

Score =50)



Bullitt Center

HVAC System Overview

26 Geothermal
Wells
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Bullitt Center Performance

Actual EUI ~ 12 kBTU/SF/yr, lower than Modeled EUI of ~ 16

ACTUAL ; MODELED

'
L}
L}
L}
Plugloads E Elevator Plugloads

:
Elevator Overperformance ;
]
L}
: | e
P Yy . i
7~ y [ |

Domestic _~

e + Domestic

Water




Reduction Plug Loads

2007

C?WCO

100

ey B
I

P

Total: 250 Watts



Reduction Plug Loads

2017

30 WATTS

15 WATTS

Total: 45 Watts




Plug Loads

WATTS

Progression of PAE Computer Energy use

250 ~ e 250 Watts
200 —
82% Less Energy
US el @ E R L0 W B ALRES
e 160 Watts
150 —
o. 90 Watts
100 —
50 —
e 45 \Watts
0 —
I | I I | I
2007 2009 2011 2013 2015 2017

YEAR
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MEETS Concept

Metered Energy Efficiency Transaction Structure

1. Tenants pay for Wﬁ
Baseline e=3 e m H B T
—waaiinsn A
2. Measure the saved , 'g ’? g’ Q [‘)YNAICEE:KSELINE

energy with a meter

V EEFICIENCY=>"

"l'l\

3. Buy and sell it
through PPA just
like generation

DeltaMeter¢

Authorized for use by MEETS AC licensees by EnergyRM 05-09-2014



Predicted vs. Actual

Bullitt Center Performance

50:000 /\ /\ /\ /\ /\ /\

\/\/\/\/\/\/\/\/\/\/\/

40,000

30,000

20,000

10,000

0

-10,000

Electric Consumption, kWh

-20,000

-30,000

-40,000 T 1 i

2013 2014 2015 2016

—Est. Code Baseline



Predicted vs. Actual

Bullitt Center Performance

50:000 /\ /\ /\ /\ /\ /\

\/\/\/\/\/\/\/\/\/\/\/

40,000

30,000

20,000 S~

- e = = e -

10,000 7 Seo=-m T

- - -

0

-10,000

-20,000

Electric Consumption, kWh

-30,000

-40,000 T 1 i

2013 2014 2015 2016

- - -Bullitt Building Use ——Est. Code Baseline



Predicted vs. Actual

Bullitt Center Performance

60,000

50,000 . ‘k . ‘k . ‘k
v ONMLENHNA TN TN DY
= 20,000 - | IIIIi
=
| IIIIIII.I|I|H LR L ||
2 1 11 111l
: - I - i i
%-10,000 i i
E—Z0,000
L
-30,000
-40,000 |
2013 2014 2015 2016

I SCL Power Used

C—PV Exported to SCL

I Savings over Baseline - - -Bullitt Building Use

E= PV Used by Bullitt
——Est. Code Baseline




$1,500,000

$1,000,000

$500,000

)

-$500,000

-$1,000,000

Results

NPV of Projected 20-year MEETS Cash Flow

Based on first-year, 4.4 % electric rate escalation, 3% discount rate

B Electricity Purchases
B MEETS Tenant Charge

-$ 925,204

O MEETS Investor Payment

Tenant
-$1.00 M

O Efficiency Incentive
$ 240,877
$925,204
$678,484
-$ 678,484
-$ 240,877
SCL Bullitt
$0.08 M $0.92M




MEETS Benefits

O

Owner

New $ flow
Receive ECM savings

Tenants pay normal
rates

O

Investor Utility
~30 yr return ~30 yr fixed revenue
Increased $ for Helps meet regulatory
performance requirements
Like a PPA

Authorized for use by MEETS AC licensees by EnergyRM 05-09-2014



Financial Considerations

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.






RMI Vision

., ROCK RMI'’s vision is a world thriving,

.. ’ MOU NTA]N verdant, and secure, for all, for
» INSTITUTE™ &
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Rocky Mountain Institute Innovation Center
Basalt, CO
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Climate

Temperature and Humidity Plot, Aspen, CO

1200

1000

800
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200
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> ORI R R PRSP PG

TEMPERATURES
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Thermal Comfort in the News

Ehe New ork Times | ScienceNews

Chilly at Work? Office Formula Was Devised for Men

By PAMBELLUCK. ALC 3.3 Women, There's A Reason Why You're

Building standards aren’t to Shivering In The Office
blame for chilly offices

|

o










Human
Comfort
Alr
Temp



PMV = [0.303e903¢M 1 0,028]{(M — W) — 3.96E 3f,[(t, + 273)* — (t, + 273)*]
— fahe(ta — tq) — 3.05[5.73 — 0.007(M — W) —p,] — 0.42[(M — W)
— 58.15] — 0.0173M(5.87 — pg) — 0.0014M (34 — t,)}



ASHRAE Scale of Thermal Sensation

WARM

NEUTRAL
SLIGHTLY COOL

COOL
COLD




Thermal Comfort Theory

90%
9, Clothing

80%
70%
60%
50%

40%

30%

Predicted % Dissatisfied

20%

10%

Metal:ioli’ve_;» , : y 2
Rate T o : 0%

P N S — Neutral #

|
e

-2 -15 -1 -05 0 0.5 1 1.5 2

S ASHRAE Scale of Thermal Sensation
em}zer atu}re

-_—
.




Room Data

Sheet

2"d Floor Open Office (as designed)

Room Floor Plan

Comfort Design Parameters

Heating

Clo (max): 1.01

Cooling
Clo (min):

(Trousers, sweater, T-shirt)

(Trousers, short sleeves)

Met (min): 1.0

Met (max): | 1.2

(Sitting, relaxed)

(Standing, relaxed)

Air Speed: | 19 FPM

Air Speed (max): | 50 FPM

Internal Load Assumptions:

10
0.88 W/SF
0.37 W/SF
0.55 W/SF
0.40 W/SF
Auto Dimmers
3.3 kW
64 °F
Aspen, CO Custom
TMY10, 2004-2013

Schedule Description

Occupied weekdays 8:00am to 5:00pm.
Equipment tracks occupancy, turning down to
7% load when unoccupied. Lighting is on with
automatic daylight dimming when occupied, off
when unoccupied.

People

Equipment (Installed)
Equipment (Operational)
Lighting (Installed)
Lighting (Operational)
Daylighting

Installed Heating
Heating Setpoint
Weather File




As Designhed

Room Thermal Comfort Performance

= =Upper Boundary Lower Boundary - Room Hours
(PMV = 0.5)1 (PMV = -0.5)2

2 ~
© |
I= Too Hot
>
-~ iy
o <
=
<
E, T

30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
OperativeTemperature (°F)

Upper boundary is based

on the Elevated Air Speed
Model, ASHRAE Standard
55-2013 Appendix G

Lower boundary is based
on implementation of the
CBE Personal Comfort
System



CBE Thermal Comfort Tool

Select method: PMVY method

Air temperature

77.0

“I°E Use operative temperature
-

Mean radiant temperature

77.0

Air speed
20
Humidity
50

-|F
- fpm Local air speed control
: % Relative humidity

Metabolic rate

1.2

: met Standing, relaxed: 1.2

Clothing level

0.5

2
2
O

Globe
temp

: clo Typical summer indoor

Create custom ensemble
Dvnamic predictive clothing

LEED documentation

Specify SI Local
Solarcal pressure | IP  discomfort

Help

¥ Complies with ASHRAE Standard 55-2010

PV 0.08
PPD 5%
Sensation MNeutral
SET 77.4°F

tdb

Was
tub

tdp

Psychrometric chart (air temperature)

32.0 °F
0.0 %
0.0 lbw/klbas

320 °F /

320 °F ye

0.0 btulb yayd

5 a0

Dry-bulb Temperature [*F]

- 30

25

Humidity Ratio [II;:-WJr klbda]


http://smap.cbe.berkeley.edu/comforttool
http://smap.cbe.berkeley.edu/comforttool




Earliest Modeling

Simplified model to examine:

— Energy Use

N\
— Peak Loads \
— Comfort




Heating

5000
4500
4000
3500

» 3000

5 2500
2000
1500
1000

500

Code Building

30% Glazing - No Perimeter Heating

N ZONE

NE ZONE

E ZONE

SE ZONE

S ZONE

SW ZONE

W ZONE

NW ZONE

B 30-35F
35 — 40°F
40 — 45°F
M 45 - 500F
B 50-55°F
| 55-60°F

I 60-65°F



Heating

5000
4500
4000
3500

» 3000

3 2500
2000
1500
1000

500

Heating Alternate
50% ASHRAE DG, R-40 Wall - No Perimeter Heating

N ZONE

NE ZONE

E ZONE

SE ZONE

S ZONE

SW ZONE

W ZONE

NW ZONE

B 30-35F
35 — 40°F
40 — 459F
B 45 _s00F
B 50 -550F
I 55-60°F

" 60— 65°F



Heating

Hours

5000
4500
4000
3500
3000
2500
2000
1500
1000

500

Heating Comfort Optimized Alternate
All' In (R-8 Window) - No Perimeter Heating

N ZONE

NE ZONE

E ZONE

SE ZONE

S ZONE

SW ZONE

W ZONE

NW ZONE

B 30-35F
35 — 40°F
40 — 45°F
M 45 -500F
B 50-55F
" 55-60°F

N 60-65F



Hours

Cooling

600

500

400

300

200

100

Baseline

30% Glazing, Overhang (x1), 1.5" Concrete, PCM

1,

N ZONE

NE ZONE

E ZONE

111

SE ZONE

S ZONE

SW ZONE

W ZONE

NW ZONE

90 — 95°F

88 — 90°F

86 — 88°F

84 — 86°F

82 — 84°F

80 — 82°F



Cooling

Cooling Alternate
50% Glazing, Overhang (x2), 6" Concrete, PCM

600

500

400 II
I = o

” B 90 - 95°F
2 -
2300 ] W 88 - 90°F
]
B 86 - 88°F
200

| 84-86°F
100 82 — 84°F
0 M 50 -82°F

N ZONE NE ZONE E ZONE SE ZONE S ZONE SW ZONE W ZONE NW ZONE



Cooling

Cooling Comfort Optimized Alternate
50% Glazing, Overhang (x2), 3" Concrete, 3" Concrete, 62F Min

600
500
400 I 90 - 95°F
o W 88-90°F
§ 300 B 86 - 88°F
200 M 84-86°F
- 82 — 84°F
100 - [ B 80-82°F
o) me R W -.._

N ZONE NE ZONE E ZONE SE ZONE S ZONE SW ZONE W ZONE NW ZONE



Natural Ventilation
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Natural Ventilation
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Room

Naturd Vertiztion

Mechanical



Personal Comfort - Hyperchair




Personal Comfort




Capture the Heat




Expected Energy Use

70
__________________________ 2
60 -
B DOMEST HOT WTHR
"]
50 - E} VENT FANS
>
" A
S
A T3] W PUMPS & ALY
S = ~
n LA W ESPACE COOLING
S 30 - ﬁ
e
E o M SPACE HEATING
94,700 kWh
20 - M PLUG LOADS
10 LIGHTS
D 1 T T 1
Average LEED V3  Architecture Proposed PV Budget

Building Baseline 2030 Target Building
(Energy Star
Score = 50)



Breakdown of Plug Loads

June 2016 (kWh)

Task Lights
4% HyperChairs

Other ‘ 4% )
Printers

/5%

Kitchen Appliances

13% Desktops

7%

___Monitors
8%

Apple Laptops
13%
Video Conference
32%



Results: Actual Performance

Actual EUI is 15.9 kbtu/ft2/yr, lower than modelled EUI of 17.2 kbtu/ft2/yr

30,000
P S~
/ - >
/ N\
/ N\
’ N
— 20,000 < -
; N -]
x ~ ~ P e
C\ =~ S o - - - - - - _ - <
e -
-la 10,000 +— L — | -
- h— N,
0 = ] 7 A
g J
O 0 - - —_—
O
-
fd
O
@
L
-10,000
Mar-16 Apr-16 May-16 Jun-16 Jul-16 Aug-16 Sep-16 Oct-16 Nov-16 Dec-16 Jan-17 Feb-17
m Grid Power Used PV Exported to Grid
EmPV Used by RMI [ Savings over Baseline

——RMI Building Use - - -Est. Code Baseline



Key Findings — Occupant Surveys

CBE Post Occupancy Survey Results

Overall Building
7.00 1= Very Dissatisfied

7 = Very Satisfied
600

Thermal Comfort Acoustic Quality
5.00 M
(4 L3
4

4
Office Layout "’ . Air Quality
.

Office Furnishings Cleanliness

Lighting
= %= CBEBaseline === RMI Pre Occupancy RMI Post OCC



DC Power and Storage

RMI, Georgia Tech, and Confidential Project




What Happened?

HIGHWAY TO HELL



Direct Current




Plug Load Losses




Ahead of Our Time?

‘T TINK Nou SHouw &c MORE
EXPLIAT HERE N STEP TWO,"



DC Distribution

Rooftop PV Array

—@ Meter

?SV RC'DC

v nverter

DC-DC Inverter [ >- O Telecom
Battery Racks/Server

_l (s "

Inverter
CIP ! | Laptop
> s, COMputers

DC
| Distribution
Panel GP
] » W Lighting ]
— > | |
A »-
= S )
o Y W Emergency
Inverter PR s mert
Rectifier - lgnting ~ U/ Lighting
Inverter E
) Mechanical Misc
[ &»_poa echanica Equipment
B AV Mechanleal V7 Cqdipment B Electric Vehicle
Panel Charging Station
| | A (bi-directional)
Utility AC Main .
Transformer E;Snté’:bution rI‘Ellésucipment




USB - C




RMI Battery System

Current Requirements:

— Peak shaving

— Test demand response
scenarios, including rate
structures

Future Requirements:

— Islanding

— Integration with bi-
directional electric
vehicles

— DC distribution
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Battery Performance

— Goal was to keep peak demand below 50kW to avoid peak
demand charges

— Most of the time below 10 kW
— Performance tests held under 10kw “demand peak”

40.00kW

20.00kW

-20.00kW

-40.00kW




Demand Charge Avoidance - Geli Study moving RMI
to California

LOS ANGELES

SOUTHERN CALIFORNIA EDISON

Original Tariff: GS-2B
New Tariff: GS-1A

$16,000

$14,000

£12000

$10,000

$8.000

$6.000

4,000

$2,000

0

Baseline

Post Solar

Post Solar +
Storage

Fixed
EDemand

BEnaergy

SAN DIEGO

SAN DIEGO GAS & ELECTRIC
Original Tariff: ALTOU
New Tariff: TOU-A

$20000

$18,000

$16,000

£14.000

12000

£10.000 Fixed

BDemand

$8,000 BEnergy
£6,000

$4,000

$2.000

0

Baseline Post Solar Post Solar +
Storage
Geli Case Study



Traditional PV/Storage - RMI

Separate Inverters

Standard Grid-Connected
PV & Storage System

PV INVERTER

BATTERY

BATTERY MDP —
INVERTER ,",3 =
UTILITY _ ') - |




Shared DC Bus PV/Storage — Georgia Tech

Shared Inverter

Standard Grid-Gonnected

UTILITY




Shared DC Bus PV/Storage — Confidential Project

Battery
ﬁ Utility

PV Panels Storage
DC - DC —l DC - AC

Converter ¢ ¢ Inverter/Rectifier

High Voltage DC Bus

l

380v DC 380v DC
~— [ > 24v DC
48v DC v ¢ ¢
380v DC Distribution Panel

£ = 24v DC
i DC - DC |

Power over Ethernet Bi- DC USB-C <
idirectional Combination Ceiling Fans Underfloor
Charger Outlet Terminals
(Future) Lighting Controls

y

[TIIIIT] Lighting Controls oo

O ] -
l Electric car D | \

NN
A= ighting

. Server Lighting Phones Laptop
Equipment




Shared DC Bus PV/Storage — Confidential Project

Battery
PV Panels Storage
BODBD®
BEREDEG
T "
FVIHEG A Utility
NROGED
DOIDB@®
GOSDED®
BRIDDD
DIOED
888888
BBOBDOB l :
DC - DC i gl oC - AC
Converter ¢ A Inverter/Rectifier

High Voltage DC Bus

|
v

380v DC Distribution Panel



Shared DC Bus PV/Storage — Confidential Project

> 380v DC

Power over Ethernet

Lighting Controls

IT Server < o
Equipment Lighting



Shared DC Bus PV/Storage — Confidential Project

380v DC
> = 24v DC
v i ¢
=1 24v DC _
DC USB-C .
Combination Outlet Ceiling Fans Underfloor
ke Terminals
)% Lighting Controls
s/ i i

| D
D 4NN Liohting
Phones Laptop



Shared DC Bus PV/Storage — Confidential Project

i DC - DC

Bi-directional
i Charger (Future)

e

Electric Car




AL THE NET ZERO CHALLENGE

CERTIFICATION™

SINGLE
FAMILY
NEW

MULTI-
FAMILY

HOT HUMID

MIXED
HUMID

HOT DRY

MIXED DRY

MARINE

COLD

VERY COLD

INTERNATIONAL LIVING FUTURE INSTITUTE wwwWw.living-future.org

LOW
RISE
OFFICE

MID &
HIGH
RISE

OFFICE

INSTITU-
TIONAL| TIONAL

Integral
Office




Creating a better
environment

DAE Paul Schwer PE, LEED AP

paul.schwer@pae-engineers.com



* By the numbers

RMI DESIGN
Delivered energy intensity kBTU/sf-y 90 40-60 <30 17.2
Lighting power density: connected load W/sf 1.5 0.8 0.4-0.6 0.49
Lighting power density: as-used net of controls ~ W/sf 1.5 0.6 0.1-0.3 0.27
Installed computers/appliances/tasklighting W/sf 4-6 1-2 <0.5 0.88
Glazing R-value (center of glass) sf-F°-h/BTU 1-2 6-10 >20 12
Window R-value (including frame) sf-F°-h/BTU 1 3 7-8 6.5
Glazing spectral selectivity* ke =T,;s/SC 1.0 1.2 >2.0 1.5-2.3
Roof solar absorptance and infrared emittance a, € 0.8,0.2 04,04 0.08, 0.97 N/A, PV Covers Roof
Whole-building airtightness cfm/sf @ 0.3" w.g. 1.0 0.4 <0.25 0.20
Installed mechanical cooling sf/ton 250-350 500-600 1,200-1,400+ None
Cooling design-hour efficiency** kW/ton 1.9 1.2-1.5 <0.6 0.00
Level of installed perimeter heating - extensive minimal none minimal
*A measure of how well the glacing lets in light without heat
**Whole system, including pumps, fans, and cooling towers as well as chillers
ADDITIONAL DESIGN TARGET ITEMS
Wall R-value sf-F°-h/BTU R-50
Roof R-value sf-F°-h/BTU R-67 *
Window to wall ratio % 26%
Heat recovery effectiveness % 90% (Winter)
Installed mechanical heating BTU/h-sf 7.5 BTU/h-sf

1. Individual roof sections vary between R-40 and R-80 for different shapes and constructions. This value represents an area-weighted average.

This table (except for the "Additional Target Items") is from a Book entitled "Re-inventing Fire: Bold Business Solutions for the New Energy Era" by
Amory Lovins (2011). It is Table 3- "Benchmarking a New U.S. Office Building" (p. 108). These targets were developed by the Rocky Mountain
Institute and are typical of a new midsize -to-large Class A office in an average US climate like the Mid-Atlantic states.

PAE




