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Buildings 46.9%
(2580 MMT CO.e)

Industry 19.6%
(1082 MMT CO.€)

Transportation 33.5%
(1845 MMT CO.€)

U.S. CO; Emissions by Sector

Source 92010 2030, Inc / Architectura 2030 All Rights Resarvad
Data Sourca. US. Energy Information Admirestration (2202)

GETTING TO PASSIVE HOUSE in VERMONT
Albert, Righter, & Tittmann Architects & Vermont Energy Investment Corporation




Building Operations
43.5%

Bullding Construction
and Materials
5.5%

Transportion - Other Transportion - Light Duty
(rail, air, bus, truck, ship) (auto, SUV, pickup, minivan)
11.7% 16.6%

U.S. Energy Consumption by Sector

Saurce 92010 2030, Inc / Architectura 2030. All Rights Recarvad
Oata Sourca: US Energy Information Admirestration (2009)

GETTING TO PASSIVE HOUSE in VERMONT
Albert, Righter, & Tittmann Architects & Vermont Energy Investment Corporation




Nuclear 9%

Renewable Energy 6%

|Gas 24%
PSR e Liquid Fossil Fuels 39%

U.S. Energy Consumption by Fuel Type

Source D2010 2030, Inc / Architectura 2030, All ights Rasarved
Data Source: US Energy Information Admirestration (2009)

T

GETTING TO PASSIVE HOUSE in VERMONT
Albert, Righter, & Tittmann Architects & Vermont Energy Investment Corporation



“ Projected

Buildings

Transportation_ _.

— “industry
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1970 1980 2020

U.S. Energy Consumption by Sector (Historic / Projected)

Source 2010 2030, Inc / Architecturs 2030 All Rights Rasarved
Data Source US. Energy Information Agministration

GETTING 1O PASSIVE HOUSE in VERMONT
Albert, Righter, & Tittmann Architects & Vermont Energy Investment Corporation




Irreversible Climate Change

1750 to Present
[used)

Proven World
Resarves
(unused)

Pra-industnial
=l

[Atmospheric Carbon Dioxide)

Global Fossil Fuel Resources & C0; Emissions

Source EE0AD 20E0 Inc S Architectura 2030 All Fghts Fasarved
Cata Sourse Adapted from J Hansen ot al.: Danparous human-made interferegnce with climate, 2007

GETTING TO PASSIVE HOUSE in VERMONT
Albert, Righter, & Tittmann Architects & Vermont Energy Investment Corporation
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13t Century




Energy Goal:
Architecture 2030 Challenge

80% 90% CARBON

NEUTRAL®

|
TODAY 2015 2020 2025 2030

Fossil Fuel Energy Reduction Fossil Fuel Energy Consumption

The 2030 Challenge

Source 2010 2030. Inc / Architecture 2030, All Rights Reserved
*Using no fassil fusl GHGamilling ensdy (0 operale

GETTING TO PASSIVE HOUSE in VERMONT
Albert, Righter, & Tittmann Architects & Vermont Energy Investment Corporation
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Passivhaus Principle:
Mamtan the temperature using msulation,
rather than by using energy.
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Comparison of Energy Standards

Annual Site Energy Usage

B household
B ventilation
B hot water
M heating

KBtu/ftd/yr

Passive House
Building America
Energy Star

Old Buildings

Program - DOE

International Energy
Conservation Code

GETTING TO PASSIVE HOUSE in VERMONT
Albert, Righter, & Tittmann Architects & VVermont Energy Investment Corporation
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- Controlling Heat Loss... INSULATIO

_

R60 WAILLS: R90 CEILING: R60 S1.AB
ngh Performance WINDOWS U value 0.16

TO PASSIVE HOUSE in VE




Passivhaus Concept
Controlling Gains Seasonally... WINDOWS AND ORIENTATION

U VALUL .16: TRIPLE GLAZED: >.61 SHGC ON SOUTH WINDOWS
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oumg Heat Loss... REDUCE ATR INFILTRATIO

.6 ACH @ 50 PA
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stivhaus Concept
lling Heat Loss... ELIMINATE THERMAL B _1)
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Passivhaus Concept
Capturing Heat Gains... SOLAR ENERGY
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Passivhaus Concept
Capturing Heat Gains... EQUIPMENT
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oviding Fresh Air... HEAT RECOVERY VENTILATI

MINIMUM .35 ACH

GETTING TO PASSIVE HOUSE in VERMONT




Passivhaus Concept
INTEGRATED
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Energy Modeling Software:

Microsoft Excel - Habitat PHPP 20100714 Thermatech.xls [ =
2] File Edit View Inset Format Tools Data Window Help Adobe PDF Type a question for help
PO R3S B8 G F - @ s S]] 4P 110% -@!_Eﬁria' = oS o ) 2=

_i‘azr!

- 3

B & | F | & | H

MNumber of Dwelling Units: Interior Temperature: . Type of Values Use

Gross Enclosed Volume V,: Internal Heat Gains: . BTU/hr ft*
Mumber of Occupants: . | ! Planned Number

Specific Demands with Reference to the Treated Floor Area

Treated Floor Area: ft2
Applied: Monthly Method PH Certificate: Fulfilled? Verification:

Specific Space Heat Demand: 4.49 kB TU/(ft2yr) 4.75 KBTU/(ft2yr) Yes

Pressurization Test Result: 0.6 ACHsg 0.6 ACHxg, Yes

Specific Primary Energy Demand

{DHW, Heating, Cooling, Auxiliary and Household Electricity): 25'7 kBTUf[ftzyr] 38.0 kBTUJ’{ﬂZYI") Yes

Specific Primary Energy Demand 1 1
{DHWV, Heating and Auxiliary Electricity):

Specific Primary Energy Demand 10 KBTU/(ft2yr)

Energy Conservation by Solar Electricity:
Heating Load: 5 BTU!(fchr}

Frequency of Overheating: % : :

Specific Useful Cooling Energy Demand: 2 KB TU/(ft?yr) 475 kBTU/(ft2yr)

KBTUI(ft2yr)

Cooling Load: 5 BTUI[ftzhr]

-

v [\, Intro £/ Conversion ' Verification { cTFA / Areas { R-List / R-Values £ Ground / WinEntry / Window £ WinType £ Shading / Ventiation / Annual Heat Demand ,/ Monthly / He;] « | |
NUM

N |V ' - : .  a19pM
: % B8] R W w0
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Initial Cape Design

DRIVEWAY SIDE ELEVATION
174" = -0

{2y DG ) SIDE_ELEVATION
/47 = -0 1/4" = 1'—0"
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Preliminary Passive House Sketches
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Preliminary Passive House Sketches
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Preliminary Passive House Sketches
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Preliminary Passive House Sketches
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Habitat Passive House Floor Plan
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Habitat for Humanity Passive House

WEST ELEVATION SOUTH ELEVATION
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Habitat Passive House — Section

I rrr 0 0 0

”IJHIJIJUUU _HHHHHHHHUw' DOW XPS

DOW THERMAX

CLOSED CELL FOAM

B CELLULOSE
ﬂ HUBER ZIP SYSTEM

. AIR BARRIER

ALHBERT, RIGHTER < TITTMANN
ARCHITECTS IRC
A WINTER STREET, BOSTON, MA 02008
Tk &17-451-5740 Puxc 61 T-45] -5
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Habitat for Humanity Passive House
Footing Detail

DOW XPS

DOW THERMAX

CLOSED CELL FOAM
CELLULOSE

) HUBER ZIP SYSTEM
ALBERT, RIGHTER & TITTMANN
ARCHITECTS IRC. . AIR BARRIER
8 WINTER STREET, BOSTON, MA 02108
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Passive House Insulation — 12
100° 111° 123° 13.j=| 14[6 1j|.s=| U|.0= 19.1‘I 193 ¢ - XPS Undel’ Slab &. 10” On Wa”
—_—— (0.05 WimK)

Code Insulation — 2” XPS Under
Slab & on Wall (1.553 W/mK)

GETTING TO PASSIVE HOUSE in VERMON




Habitat for Humanity Passive House
Sill Detail

DOW XPS

DOW THERMAX
CLOSED CELL FOAM

CELLULOSE

HUBER ZIP SYSTEM

ALBERT, RIGHTER & TITTMANN AIR BARRIER
ARCHITECTS INC. |
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Habitat for Humanity Passive House
Second Floor Platform Detalil

DOW XPS

DOW THERMAX

CLOSED CELL FOAM

ALBERT, RIGHTER ¢ TITTMANN CELLULOSE

ARCHITECTS INC.
e HUBER ZIP SYSTEM

. AIR BARRIER

GETTING TO PASSIVE HOUSE in VERMONT
, Righter, & Tittmann Architects & Vermont Energy Investment Corpo




Habitat for Humanity Passive House
Eave Detail

DOW XP§

DOW THERMAX
CLOSED CELL FOAM

CELLULOSE

HUBER ZIP SYSTEM

ALBERT, RIGHTER ¢ TITTMANN
ARCHITECTS INC. . AIR BARRIER

k: 617-451-5740 Fax: 617-451-2309
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Emb. Emb. :
P &2 soving

Insulation R-value | Density
Mifkg | kgCO./kg Agent [GWP)

Material Rfinch b/

Cellulase
(dense-pack)

Fiberglass batt : [ r Mone
Rigid mineral
wool

Mo

Mone

Pentane

Polyisocyanurate : : . (GWP=7)

Spray polyure-

thane foam HFC-24 5k
[SPF) - closed-cell ' ' ' [GWP=1,030
[HFC-blawn)

SPF - closed-cell
[water-blown)

Water (CO.)
(GWP=1)

Water (CO5)
(GwWP=1]

2.0 20 72 3.0 0.0455

0 0.0455

SPF - open-cell .
[water-blown) 4.7 0.5 72 3.0 0.0154

;;m'::; e 3.9 1.0 89 2.5 0.0307 [g‘fﬂﬁng 0.06 0.02 0.036

E:T;‘;:';r‘im ws) | 50 20 89 2.5 0.0379 [L_}Hufjé:fj% o | 008 8.67 177

0 0.0154

1. XPS manulacturers have not divulged their postHCFC blowing agent, and MSDS data have not been updated. The blowing agent
is assumed here o be HFC-134a.

www.buildinggreen.com

GETTING TO PASSIVE HOUSE in VERMONT
ann Architects & Vermont Energy |




Payback of XPS Insulation

XPS 50%

ccSPF 50%

wvi
e
18]
)]
>
8.
W
18]
o]
>
[{]
(a8

Final R-Value

www.buildinggreen.com
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r-to-Air Heat Pump Performan
MSZ-FE Hyper-Heating INVERTER

% Heating Capacity vs. Outdoor Temperature
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== MSZ-FEQ9NA (H2i®) heat pump system
MSZ-FE12NA (H2i®) heat pump system

Does not include correction factor for defrost
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tility Meter

cwave [ Hood (24w

Garage Lights (18w)

Power Usage Now @ Bedroom #1 Outlets (14w)

Where I've used electricity in the past 30 days: Top 12 Circuits i Electricity Cost This Month

Click @ slice or Isbel for dets

Estimated cost to today $159

Te same day last month S92

Top 3 Users, Last 30 days

Phantom
Power

| PastYear || PastMonth | [ Pastpay || Pastweek || Pasthontn | Use © Production @ Both
ki Used B kwh Prodoced

B Yoday Watts produced today
2,500 6.000 l Al Drag an area to zaom
Yesterday - 4,508 w
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Post-Construction
Performance Monitoring

PaSSiVB Home DaShboard Feb 19 2011, 2:15 pm Partly sunny

PV Power In Air Quality Home Comfort Solar Hot Water
COz and VOC

Humidity

91%

Temp

85°
81° Avg
30-days

4°+ above
thermostat

By the Numbers

PV has supplied Il 1.3 «wn]
Solar HW has supplied 63 oa
Cost to heat house today || $10  ret

Saved by Passive Home || $23 et

vy

(' My @monitor= Login )

GETTING TO PASSIVE HOUSE in VERMONT
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Brand

Brand

Model

Volume

(ft3)

Configuration

% Less
Energy

Model

Whirlpool

WORXXMFW*
0*

18.92

Top Freezer

Whirlpool

GU3100XTV*

Standard

30%
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http://media.bosch-home.com/Files/Bosch/Us/us_en/ProductFiles/ProductImages/EpsImages/MCSA027671_WTE86300US_def.eps?Width=550
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PHPP Model Verification Page

| Microsoft Excel - Habitat PHPP 20100714 Thermotech.xls | e
2] File Edit View Inset Format Tools Data Window Help Adobe PDF Type a question for help - A X
0G5 e (31T % B 0 o8 3 e AL 0% - @ [l el

_iﬁy!

k4

B & | F | & | H

MNumber of Dwelling Units: Interior Temperature: . Type of Values Use

Gross Enclosed Volume V,: Internal Heat Gains: . BTU/hr ft*
Mumber of Occupants: . | ! Planned Number

Specific Demands with Reference to the Treated Floor Area

Treated Floor Area: ft2
Applied: Monthly Method PH Certificate: Fulfilled? Verification:

Specific Space Heat Demand: 4.49 kB TU/(ft2yr) 4.75 KBTU/(ft2yr) Yes

Pressurization Test Result: 0.6 ACHsg 0.6 ACHxg, Yes

Specific Primary Energy Demand

{DHW, Heating, Cooling, Auxiliary and Household Electricity): 25'7 kBTUf[ftzyr] 38.0 kBTUJ’{ﬂz‘ﬂ) Yes

Specific Primary Energy Demand 1 1
{DHWV, Heating and Auxiliary Electricity):

Specific Primary Energy Demand 10 KBTU/(ft2yr)

Energy Conservation by Solar Electricity:
Heating Load: 5 BTU!(fchr}

Frequency of Overheating: % : :

Specific Useful Cooling Energy Demand: 2 KB TU/(ft?yr) 475 kBTU/(ft2yr)

KBTUI(ft2yr)

Cooling Load: 5 BTUI[ftzhr]

w[\, Intro / Conversion ' Verification  cTFA / Areas / R-List / R-Values / Ground { WinEntry / Window / WinType / Shading ,{ Ventiation / Annual Heat Demand / Monthly / He: | < | | |
NUM

== W - : . — a19eMm ||
| H:28) W O o0 |
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Bui\ding:l Echarlctte Habitat For

PHPP Model Window Page

Passive House Planning

REDUCTION

Humanity

Climate:

Burlington, Vermont

Annual Heat Demand

KBTI ft'yr)

FACTOR SOLAR RADIATION,

WINDOW U-VALUE

Heating Degree Days:

Window Area Orientation

Global
Radiation
[Cardinal

Points)

Shading

Non-
FPerpendicu-
lar Incident

Radiation

Glazing
Fraction

Reduction
Factor for Solar
Radiation

Window
U-Value

Window
R-Value

Glazing
Area as %
of Treated
Floor Area

Average
Global
Radiation

Transmission
Losses

Heat Gains
Solar
Radiation

KETIfyr

0.35

0.85

BTWIkr it F

hrft’ FIETU

kBT ft"yr kBTUisr

kBTUiyr

North
|East

| South
\West
|Horizontal

38
45

106

=51
L
.96
255
-78

035
0385
0385
035
0.35

0.8
0.8
0.8
0885
0.5

0.64
0.64
0.64
0.00

0.47
0.57
0.59
0.58

0.24
0.22
0.20
0.22
0.00

416
4.53
4.89
4.57
0.00

Total or Average Value for All Windows,

0.64

0.21

4.72

0.9%
1.1%
T.8%
1.8%
0.0%

38 879
99 853
205 5427
106 1385
0

243
805
11827
1425
0

8545

14300

Window

Rough

Openings

Installed

Glazing

Frame

SHGC

U-Value

R-Value

Window Frame Dimensions

Installation

Description

Deviation
from North

Angle of
Inclination
from the

Orientation

Width

Height

in Area in the
Areas
worksheet

Select glazing
from the
WinType

Select
window from
the WinType

FPerpen-
dicular
Radiation

Glazing Frames

Glazing Frames

Width -
Above

Width -
Left

Width -
Right

Width -
Below

Sill
1o

Degrees

Degrees

Select:

Select:

Select:

ETUhriCF | BTUhREF

hrfit FIETU

hrft FIETU

in in in in

0

a0

Morth

36.00

.00

Morth Wall

Thermotech 32;

Thermotech 32;

4

0.16 0.16

6.25 6.10

.68 .68 .68 .68

1}

a0

Maorth

36.00

.00

Morth Wall

Thermotech 32;

Thermotech 32|

-16

10

-25

.68 .68 -68 .68

i}

S0

Morth

24,00

.00

Morth Wall

Thermotech 32;

Thermotech 32|

.16

.28 10

.65 .68 .68 - 68

180

a0

South

34.00

.00

Fouth Wall

Thermotech 32

Thermotech 32|

-16

<29 10

.68 -68 .68 -68

180

a0

South

34.00

.00

Fouth Wall

Thermotech 32

Thermotech 32|

-16

-29 10

-68 .68 .68 -68

180

50

South

34.00

.00

Fouth Wall

Thermotech 32;

Thermotech 32|

10

.68 .68 -68 .68

180

a0

South

34.00

.00

Fouth Wall

Thermotech 32

Thermotech 32|

-16

10

.68 .68 .68 -68

180

a0

South

34.00

.00

Fouth Wall

Thermotech 32;

Thermotech 32|

-16

10

-68 .68 .68 -68

180

a0

South

34.00

.00

AfAJ A AfAAffafla]f«

Fouth Wall

Thermotech 32§
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Thermotech 32|

-16

10
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180
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PHPP Model Heat Demand

Feduction Factor
Gy Righttw'eekend
KETUyr Saving KETLW[Ft'yr]

Total Heat Losses Q L 19984 i+ TR | 15.86 |

Crrientation Feduction Factar SHGC Fadiation HP
of the Area See Windows Sheet  [perp. radiation)
KETLN(ftyr)
iMorth .47 * .64 38
iEast .57 * .64 99
.L3outh .38 * .64 205
i West .38 .64 106
iHorizontal .40 .00 156

:

— KETLW[ft'yr]
Available Solar Heat Gains Qg 9.62 ‘

Length Heat. Period  Spec. Power q;
dia ETUihe ! KETUiyr KETLN{Ft'yr)

H P . H -
Internal Heat Gains Q, . 205 it 0.67 % =| 4859 5.27 |

KETUtyr KETUFtyr)
Free Heat Gy 12.88 |

Ratio of Free Heat to Losses

Utilization F actar Heat Gaing hg M- (= ¥y - (e:=/a ) =
KETLIAFt'yr)

Heat Gains Qg . i 11.68 \

KETUEtyr)

Annual Heat Demand Qy L = H 417 ||

KETUEyr) [Testfla)

Limiting Walue . Requirement met? Yes

GETTING 10 PASSIVE HOUSE in VERMONT
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PHPP Model Heating Load

Total Room Risk

Total Heating Load P Appraisal and Advice
Pr+Py

Oriertation SHGC Reduction Factar Radiation 1 Radiation 2
the frea [perp. radiation]  [see Windows warksheet) ETUkr.fe? BETUMr fr*
. iNorth 0.6 0. & [
. iBast - ] 14 8
. iSouth . : 37 14
. iWest : : 17 6
. iHorizontal ; i 22 il

Solar Heat Gain, Pg

Spec. Power

Internal Heat Gains P, BTUlhrkt*
H b i
Rl

Heat Gains P

Heating Load P,

Specific Heating Load Py / Aqga BTU/L.f?

Imput Max. Supply Air Temperatur, z F
Man Supply Air Temperature Seey Supply Air Temperature Without Heating

GETTING TO PASSIVE HOUSE in VERMONT
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