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Special staff certifications

1 LEED Fellow

2 Certified Charrette Planners
2 Certified Engineer (PE)

2 Passive House Verifier

1 Certified Planners / AICP

10 LEED BD+C, ID+C, O+M, and ND Accredited Professionals

1 WELL Accredited Professional

5 Registered Architects / AIA

7 Passive House Certified Designers / Consultants

1 Certified Building Analyst / Building Performance Institute

1 Building Enclosure Commissioning Process Provider (BECxP)



CONMUNITL |
ENGAGEMENT *

Remove the barriers to green building

3
%

www.revisionarch.com o



PASSIVE PASSIVE

INTEGRATIVE LOCATION & MATERIALS & WATER ENERGY & SUSTAINABLE INDOOR INNOVATION REGIONAL
PROCESS TRANSPORTATION RESOUCES EFFICIENCY ATMOSPHERE SITES ENV. QUALITY PRIORITIES

©0 06
\\HM-«”) & _

LEED: FOCUSES ON A BROAD RANGE OF TOPICS
BUT ITS ENGAGEMENT WITH EACH ONE IS
SHALLOW

PASSIVE HOUSE: FOCUSES NARROWLY ON ENERGY
AND INDOOR AIR QUALITY BUT ENGAGES EACH
VERY DEEPLY
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Site Energy Use Index kBtu/sf/year
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A history of the energy code

(code = the minimum -we are allowed to do better!)

ASHRAE 90A (1980)

14% Sayings \
.................... Ik L N

*
Py I 1
*
4

AlA

ASHRAE

PASSIVE HOUSE

" /]E% Savings |

o / 30% Savings

S

/ 5% Savings

0,. I ASH RL

3
L 2
o

4
4 L 4
L 4 &
L4 O.

y—

¥
Ye, e,
- 5
- s

Iy -
« 5

N
......
L &

.....

.... .....
L 4

1970 1975 1980 1985

1990 1995 2000 2005 2010 2011 2015 2020 2025 2030




Typical Building Envelope Passive House Building Envelope
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Passive Houses save...

as much as 80% of the energy used by comparable buildings






Passive How?
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CONTINUOUS THERMAL & AIRTIGHT BOUNDARY
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CONTINUOUS THERMAL & AIRTIGHT BOUNDARY
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AIR BARRIER COORDINATION

CLIP HANGER -
P
WEATHER RESISTIVE
BARRIER
l/
,/
SELF ADHESIVE FLASHING
i

VERSETTA
STONE|PANEL

LAP WEATHER
RESISTIVE BARRIER
OVER STARJER
STRP

STARTER STRIP<
WITH WEEP “~_
HOLES @ 4" 0.C.
BUG SCREEN

PARGING
PROVIDE ——
"ENVIRCDRI"

TYP. (1) HR EXT. WALL W/ STONE VENEER
based on: U.L. Design No. V302
—2" VERSETTA STONE W/CLIP HANGERS
— Grade D BUILDING PAPER
11 = ~ 7ZIP-R 3.6 SHEATHING (i—inch nominal thk.)
1 ‘i»’ taped as weather resistive barrier
l =D - 2x6 @ 16” 0.C.
=" — R-19 MINERAL WOOL INSUL. W/ KRAFT V.B.
- 5/8" TYPE "X” GYPSUM BD.
=
e
=
TYPICAL SILL CONSTRUCTION
:.;: —2x6 P.T. SILL PLATE W/ SILL SEAL
(—= —1/2" ~ GALV. ANCHOR BOLTS at 4'=0" o.c. &
) 12" MIN. FROM PLATE ENDS (MIN. 2 PER
= PLATE) WITH 15" EMBEDMENTS MIN.
=
s
=
2
M| .. NOTE:
J =5 SEE ELEVATIONS FOR ADDITIONAL
= STONE VENEER DESIGN
: L= INFO\P]'MAHON

lxa

FLASHING SYSTEM
BY TEMPCO

CAULK FACE OF STUD WALL @ FLOOR

SEAL WALL PLATE TO FOUNDATION
WITH SILL SEALER

MIN

ROUGHEN—/ i

SURFACE 4

2|

| TYPICAL INTERIOR CONC. SLAB

—4" CONC. SLAB W/ 6x6—1.4x1.4
—VAPOR BARRIER PER SPEC'S.

LAP JOINTS 6"—12" AND TAPE
—2" PERIMETER INSULATION (2'—0" VERT.)
—6" WASHED STONE ON COMPACTED

OR VIRGIN SOIL

| TYP. TRENCH FOOTING
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PASSIVE HOUSE _CQNSTRUCTION - Sacred Heart Residences
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High Energy Consumption

Mold Potential

Cold Zones
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WINDOWS AND DOORS

TRIPLE PANE,
INSULATED FRAME

e.

O =~V MY Mo a®

PRIPPEDOT

THERM ANALYSIS
(CONTINUOUS
THERMAL BOUNDARY)

|
——

1/16" ZIPSYSTEM SHEATHING BY
T TACE AL LA

HUBER.

2" CONTINUOUS GLASS MAT FACED
FPOLYISO RIGID INSULATION

%ﬁ?,&%%;‘ L.C. W/ R-21 KRAFT

FIBER CEMENT SIDING PANEL

LIQUID FLASH BY PROSOCO OR
EQUAL. COAT ENTIRE ROUGH

OFENING (1" BEYOND INSIDE OF
WINDOW), WRAP PLYWOOD BOX,

] AND 4"-6" ON FACE OF SHEATHING.

JOINT § SEAM SEALANT BY

>< iy
E W

PROSOCCO OR EQUAL AT CORNERS
OF ROUGH OFENING

X PT. STRAPPING

L—FIBER CEMENT TRIM

172" PLYWNOOD OR OB

—SELF-EXPANDING, FOAM JOINT
SEALING TAPE

re——SILL BELOW

TRIPLE-PANE, U-PVC WINDOW BY
I\

INSTALLATION DETAIL
(CONTINUOUS AR
BOUNDARY)
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passive design energy recovery ventilation

Stale air from
Fresh air I inside
from outside : .

Fresh air to
inside

Exhaust to
outside

Heat Exchanger

Condensate drain

A

< ERV illust courtesy of Green Building Advisor h
> ERV photo from Fishtown Passive House, Re.Vison Architecture ..
Vision |
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Passive How?
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HIGH PERFORMANCE HEATING AND COOLING

Rooftop VRF

SUMMER

WINTER
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! Heated Air

Cooled Air

t Cooled Air
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ENERGY MODELLING — Optimizing the Envelope AND systems

Roof: R-29

SHGC: 0.27
25% Window — Wall Ratio
Wall: R-28

0.15 ACH ng

SHGC: 0.27
50% Window — Wall Ratio

—— ,;,: = »
i
Q Data state/results@
\E = Heating demand: 5.37 kBtu/ft3yr » # . |
L _‘L z 2 4 - 5
. . Cooling demand: 3.89 kBtu/ft3yr Hw |
{ Z 3 4

5.51 Btu/hr ft?

A
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Heating load:

Cooling load: 4.56 Biu'hr ft*

Primary energy:

19.87 kBtu/ftryr

Site eneray:

6.29 kBtu/ftiyr




ENERGY MODELLING — Optimizing the Envelope AND systems

Wall: R-40 (R-28)

Cooling demand:

Heating load:

Cooling load:

Primary energy:

Site energy:

—— SHGC: 0.27 (Unchanged)
23% (25%) Window — Wall Rat

0.05 cfm/ft2 (0.15 ACH

€3 | Data state/results @
Heating demand

Roof: R-45 (H-29)

SHGC: 0.5 (0.27)
40% (50%) Window — Wall Ratio

155 KBtu/ftyr L'_‘L - | | |_ N v
2.99 kBuulftsyr # | | | | ' e | @
436 Btulh * _#J_ il v
v
v

4.26 Biulhr f° ‘# * ¢|
36.87 KBuw/ftyr ‘_ #I | 5|0 \ |
11.67 kBtu/ft?yr L 4*' * |




MARKET FEASIBILITY- Optimizing the Envelope AND systems: the cost of reducing EUI

Baseline Optimized ECM #1 ECM #2 ECM #3 ECM #4 ECM #5 ECM #6 ECM #7 ECM #8 ECM #9 ECM #10 ECM #11 ECM #12
Proposed
Geometry,
Proposed Proposed Extreme
Proposed Proposed Geometry, Proposed Geometry, Plugload "Less Good" ECM #8 + ECM#9 +
"Good" "Better" "Best" Proposed Geometry, Geometry, Glass-uval Geometry, Interior Run Walls - SIPR-15 LPD @ LPD @
Envelope Envelope Envelope Geometry Glass-u-val "Good"ins "Good"ins HVACONLY Loads ONLY (0.5W/sf)  Roof-SIPR-23  0.45 0.45

Energy Consumption (kWh) 233,327 103,081 99,028 98,204 235,885 230,846 226,602 221,838 159,039 224,962 208,428 104,792 200,542 184,272
Cost $22,679 $10,019 $9,626 $9,545 $22,928 $22,438 $22,026 $21,563 $15,459 $21,866 $20,259 $10,186 $19,493 $17,911
EUI 51.0 224 215 21.3 51.6 50.5 49.5 48.5 345 49.2 45.6 22.8 43.8 40.3
Enduses

Lights 49,346 18,799 18,911 18,911 49,346 49,346 49,346 49,346 49,346 49,346 49,346 18,799 22,206 22,206
Task Lights 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Misc Equip 60,324 48,145 48,145 48,145 60,324 60,324 60,324 60,324 60,324 48,145 29,582 48,145 48,145 29,582
Space Heating 14,727 9,012 4,743 3,981 18,108 16,461 12,418 10,643 15,950 19,608 21,956 10,408 22,963 25,521
Space Cooling 23,887 10,459 11,153 11,234 20,923 19,974 22,634 21,738 13,714 19,877 18,314 10,345 17,659 16,134
Heat Reject 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pumps & Aux 2,301 0 0 0 2,169 2,252 2,399 2,475 0 2,118 2,035 0 2,002 1,916
Vent Fans 71,258 10,853 10,548 10,464 73,516 71,639 69,745 68,344 13,406 73,962 74,679 11,138 74,833 75,623
Refrig Display 0 0 0 0 0 0 0 0 0 0 0 0 0 0
HT Pump Supplem 6,309 637 355 296 6,321 5,672 4,561 3,793 1,121 6,727 7,336 779 7,554 8,109
DHW 5:175; 5,176 5,173 5,173 5,178 5,178 5,175 5:175 5,178 5,179 5,180 5,178 5,180 5,181
Ext Usage 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 233,327 103,081 99,028 98,204 235,885 230,846 226,602 221,838 159,039 224,962 208,428 104,792 200,542 184,272
% savings over Optimized 3.9% 4.7%

% Savings over Baseline 55.8% 57.6% 57.9% -1.1% 1.1% 2.9% 4.9% 31.8% 3.6% 10.7% 55.1% 14.1% %

X
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MARKET FEASIBILITY- Optimizing the Envelope AND systems: the cost of reducing EUI

“Good” Envelope

Package $37,500 $25,000 if necessary
“Better” Envelope -

R 2.2 $105,000 $47,727  unlikely

improved Glazing 11 $71,000 $64,545 thermal comfort

HVAC System 16.5 $103,000 $6,242 < 2nc

LED Lighting

st
Package 5.4 $30,000 35,555 (ommmm—

PV Array 25.4 $262,725 $10,343 3rd




PV FORECAST
how will the cost equation change?

Swanson's Law

$100.00

$10.00

Module Cost $/Watt

$1.00

AN

10 100 1,000 10,000 100,000

Cumulative Module Shipments (MWp)

1,000,000 10,000,000



the price of solar photovoltaic modules tends to drop 20%
for every doubling of cumulative shipped volume.

At present rates, costs halve about every 10 years.



PV FORECAST
how will the cost equation change?

Exhibit 2
Welcome to the Terrordome... $/MMBTU by Energy Type

250 1 —— Henry Hub

s —— US Bitumous Coal
§ 200 1 — prent

‘; — LNG

3 150 1 Solar

E

w

€

Q

)

a

Source: EIA, CIA, World Bank, Bernstein analysis



“The behavior from here seems clear: the solar industry will
expand. Retaliatory steps from distribution utilities will
increase the market for cost-effective battery storage. This
becomes - initially — a secondary market for battery
technologies being developed”

-AllianceBernstein's Michael Parker and Flora Chang



PV FORECAST

how will the cost equation change?

ECM

“Good” Envelope
Package

“Better” Envelope
Package

Improved Glazing

HVAC System

LED Lighting
Package

PV Array

EUI REDUCTION

1.5

2.2

1.1

16.5

5.4

25.4

2016

1ST COST ADD

$37,500

$105,000

$71,000

$103,000

$30,000

$262,725

$/EUI

$25,000

$47.727

$64,545

$6,242

$5,555

$10,343

<
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PV FORECAST
how will the cost equation change?

ECM

“Good” Envelope
Package

“Better” Envelope
Package

Improved Glazing

HVAC System

LED Lighting
Package

PV Array

EUI REDUCTION

1.5

2.2

1.1

16.5

5.4

25.4

2016

1ST COST ADD

$37,500

$105,000

$71,000

$103,000

$30,000

$262,725

$/EUI

$25,000

$47.727

$64,545

$6,242

$5,555

$10,343

2026

1ST COST* ADD

$50,397

$141,111

$95,418

$138,423

$40,317

$131,363

$/EUI

$33,598

$64,141

$86,743

$8,389

$7,466

$5,172

Vision
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REGIONAL
OPERATIONS CENTER

Operations Center,
new

-
PH

FISHTOWN
RESIDENCE

For-sale urban home,
new

SUSTAINABLE ENERGY
FUND

Multi-Tenant
Headquarters
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&
."' 32 B |
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AERZEN USA MAIN LINE RESIDENCE
HEADQUARTERS

Office/manufacturing, Age-in-place home,
expansion new

B

NORTHERN LIBERTIES
RESIDENCE

Passive House
designed home, new

B MINOR RESIDENCE

For-sale urban home,
new

® &
NEW ENGLAND WILD AERZEN USA
FLOWER SOCIETY HEADQUARTERS
Campus expansion, Office +

master plan manufacturing, new

I eé

JONES LANG LASALLE
PHILA

High-rise corporate
interiors

(&)
SWARTHMORE
COLLEGE

Pavilion & Courtyard,
new

2@
BERKS COUNTY
COMMUNITY
Multi-tenant offices + \
conf center, new e
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Center City Philadelphia, 1973

courtesy of US National Archives/ Flickr
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