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The Problem

Building Operations
41.7%

Industry
24.4%

Building Construction
and Materials
5.9%

Transportation - Other Transportation - Light Duty
(rail, air, bus, truck, ship) (auto, SUV, pickup, minivan)
11.8% 16.3%

U.S. Energy Consumption by Sector

Source: ©2013 2030, Inc. / Architecture 2030. All Rights Reserved.
Data Source: U.S. Energy Information Administration (2012).




The Problem




The Problem - 67% from Fossil Fuels*
-

Building Operations

Industry 74.9%
24.9% (9.5 QBtu) (28.6 QBtu)
Transportation
<1% (.1 QBtu)

U.S. Electricity Consumption by Sector

Source: ©2013 2030, Inc. / Architecture 2030. All Rights Reserved.
Data Source: U.S. Energy Information Administration (2012).

*US-EIA 2014



The Solution
B

Passive House Buildings

PH Concept Explained in 12 min.




PASSIVE BUILDING PRINCIPLES

71 Minimize Loss/Optimize Gains

o1 Air-Tight Construction

o High Performance Windows/Doors
-1 Balanced Ventilation

11 Optimize Space Conditioning




Rational Behind Passive House Approach
I

Roadmap to High Performance
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EU Passive House Energy Standard

Clearly Defined
-*

4,75 kBTU/Ft2-YR
4,75 kBTU/F2-R
3,14 BTU/F2-Hr
2.54 BTU/F2-Hr
38 KBTU/SF-YR

Air Tightness: 0.6 ACH @ 50pa (based on interior floor area)
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		PHI

		Heating Load (Site):		4.75 kBTU/Ft2-YR

		Cooling Load (Site):		4.75 kBTU/Ft2-YR

		Peak Heat Load :		3.14 BTU/Ft2-Hr

		Peak Cooling Load:		2.54 BTU/Ft2-Hr

		Total Energy Demand (Source):		38 kBTU/SF-YR

		Air Tightness:		0.6 ACH @ 50pa (based on interior floor area)

		PHIUS Climat Specific

		Heating Load (Site):		1 - 12 kBTU/Ft2-YR

		Cooling Load (Site):		1 - 21.4 kBTU/Ft2-YR

		Peak Heat Load :		0.8 - 5.4 BTU/Ft2-Hr

		Peak Cooling Load:		1.8 - 8.9 BTU/Ft2-Hr

		Total Energy Demand (Source):		Beds+1 / 21154 kBTU/PERSON-YR (Temporary) Beds+1 / 14330 kBTU/PERSON-YR (Future)

		Air Tightness:		0.05 cfm/gross sqft shell @ 50 pa                                                0.08 cfm/gross sqft shell @ 75 pa
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PHIUS Climate Specific Criteria

PASSIVE STANDARDS IN VARYING CLIMATES
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USA PHIUS+ 2015 Building Criteria

I I ———
1-12 kBTU/Ft2-YR

1-21.4 kBTU/Ft2-YR
0.8 - 5.4 BTU/Ft2-Hr

1.8 - 8.9 BTU/Ft2-Hr
Beds+1 /21154 kBTU/PERSON-YR (Temporary)
Beds+1 / 14330 kBTU/PERSON-YR (Future)

Air Tightness: 0.05 cfm/gross sqft shell @ 50 pa
0.08 cfm/gross sqft shell @ 75 pa
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The Solution — Passive House

Dramatic reduction in wasted energy

Superior indoor air quality

Superior occupant comfort

Lower annual energy costs

Smaller carbon footprint

Reduces Maintenance and building deterioration

Eliminates Dependence on Fossil Fuel

Equal or Lower Out of Pocket expense for Mortgage plus Energy



Exceptionally high level of thermal

_ INSULATION to control heat loss
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Insulated Slab on Grade




Insulated Slab on Grade
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Passive House Concept: Controlling Gains

- Seasonally - Windows and Orientation

TRIPLE GLAZED: U VALUE < 0.13 (min R7);
0.60 Solar Heat Gain Coefficient on South Windows
for Climate Zone 6



Passive house Concept: Controlling

_ Heat Loss - Eliminate Air In/Ex-filtration

.6 ACH @ 50 PA ( based on interior floor area)



AIR BARRJER | VCL| WEB MATERIAL
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Effects of Air Infiltration on Heat Loss

FACITS

= 30-50% of Space Conditioning Energy (DOE)
= 8 MPH wind = -30% R Value [DuPant, 2007)

= Average US house: 3 fi2 of holes

= Typical 2500 ft2 home: % mile of cracks
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MINIMIZE L



Passive House Concept: Controlling
Heat Loss — Eliminate Thermal Bridges

Psi < 0.006 BTU/hr.ft.°F J\@




Thermal-bridge-free construction - Roof

Assembly, Wall Assembly, Floor Assembly
_

Wall Assembly

Roof Assembly

Floor Assembly

With Thermal-bridge-free construction temperature bridges are eliminated and
in turn homogenous temperature throughout the structure are achieved. ﬁ
»




MINIMIZE LOSS:
ELIMIN/ 1 I

DONDENSATION/

BAD = high heat loss + nsk of

GOOD = low heat loss, warm
condensation

intenor surface + no
condensafion

Fiilks
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| AR

MR TEETT IR = r oelow

¥ = rFirdrmum femperature 58 F above
dew-point, nsk of condensation

dew-point, no nsk of condensatfion



Passive House Concept: Capturing Heat

Gains - People
-_




Passive House Concept: Capturing Heat

Gains... Equipment
-h




Passive House Concept: Provide Fresh

- Air... Heat Recovery Ventilation

MINIMUM .30 ACH



Passive House Concept: Once the Wasted

Energy is Reduced to the maximum...
_

| ¢
”"\O” Then you can apply little renewable sources

\“* like Solar Thermal or PV




Energy Usage Comparison

MMBTU fyear

160

140

120

100

a0

20

Annual Site Energy Use Comparison

o Lights & Appliances
) | o Ventilation

= Water Heating

W Heating

H Cooling

VT Baseline VT Energy Code VT Energy Code Plus VT ENERGY STAR v3 Passive House -
HERS 70 HERS 65 HERS 56 HERS 52 HERS 35




How does it relate to other programs?

Energy Efficient Housing Concepts in the US:
Vermont Energy Code (RBES): required for all new construction
Energy Star 3.0: DoE Program (30% more efficient than Code)
Building America: DoE super energy savings Program (15% better than EStar)
Passive House: 90% more efficient than Code
70% more efficient than Energy Star

55% more efficient than Building America

Can be cost equivalent to conventional building for single family and equal or
less for multifamily and commercial construction.



How does it relate to other programs?

ASTEPPING STONE PROCESS TO) HICGH

PERFORMANCE AND QUALITY
THROUGH COLLABORATION

l ‘ Mostly Prescriptive
| 100

Mostly Performance

Step 2: 30-60% Step 1: 15-30%

Step 3: 65-85%
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CPHC Training 2015 Passive Howse Institute LS ®




It is no Rocket Science and applies to

retrofits too
—

Frankfurt Teverstrasse, Refurbishment using Passive House Principles

=
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Source: Passivehouse Institute / DENA

® Jens Laustsen 2011



Heating Energy Needed to Meet Comfort

Temperature Variation with Point Source Heating

& Heat Pump Energy Usage (135kWh)

I Heat Pump kWh
e Ambient Air
# Upstairs Bedroom #1
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HRV Energy to Meet IAQ Needs
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HRV Efficiency & Energy Use

ENERGY PERFORMANCE
APPARENT

SUPPLY NET POWER SENSIBLE
TEMPERATURE AIR FLOW CONSUMED RECOVERY SENSIBLE
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HEATING ] +32 H 65 20 B8 83
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0 +32 61 129 50 8BS 51
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— 95
0.5 - 949
- 948
o - — 947
I I R N O S o Q O
S 50 0 o o o o




Soil Heat Exchange Output

Red=Ambient Air In, Blue=Fresh Air Out Coil, Green=Fresh Air Out HRV, Cyan=Exhaust Air to HRV

B TA1 B TA2 O TA3 O TA4

A -': -.-. _'I' " l._TII'I:I
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\/H ﬂwf

-30

T T T T T
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(History in days. 60 Min. samples) - Last update: 02/08/2012 13:20:39
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Soil Heat Exchange Output

January's Soil Heat Exchange Output

(527 kKBTUH or 135kWh)
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RH and Comfort
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Relative Humidity in August
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I RH Inside = Qutside Temperature
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RH and Comfort

Relative Humidity in December

;
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Relative Humidity (%)
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PH Norwich VT
2457 sqft of conditioned area

1. E i =y
3 i ‘.v-
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Independently monitored by Efficiency VT ; Ll



PH Norwich VT
Coldest Day Jan.2013 - No Heat ! = No Occupants
I S,

Space Temperatures with Heating and HRV Energy Usage
Residence G, Jan 24, 2013
Electric Radiant Heat: 0 kWh; HRV: 1 kWh

80
70 o
@

NIBEREEEN iiiiéﬁém ERE
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Independently monitored by Efficiency VT ﬁ
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PH Norwich VT
Coasting February 2015
-*

With only 1 kWatt of floor matt heater

No occupants and minimal Solar Gain

= 15t FIr Bedroom

e, 151 Flr Bath

Temperature (F)

. 201l Flr Bedroom

._...l.h.ling Room

——— Outdoor Temperature

i
Independently monitored by Efficiency VT ﬁ:‘,




Habitat For Humanities House — Charlotte VT
1800 sqgft of conditioned area




Habitat For Humanities House — Charlotte VT
1800 sqgft of conditioned area

Monthly Utility Costs - Low Load #1
Average Monthly Cost - $67
$140.00 5132
$120.00
$103
$100.00
$88
$80.00 $74
$60.00
$48 sa3 $46
$36
»40.00 $30 '
- I I
S-
June (318) July (202) August (240) September (287) October (309) November (496) December (587) January (879) February (688)

Independently monitored by Efficiency VT



Middlesex-VT Cottage
No active heating System
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%
@

Middlesex-VT Cottage
No active heating System

Heating load on coldest days =
5,096BTU/hr = 1494 Watts
Heating system equivalent to
15, 100W light bulbs

2" A"
¥ 99 ¢
Y ¥ ¥ ¢




Other Passive Houses In VT

Stowe Charlotte

Norwich




Cost Analysis for

High Performance Home
S =

Snapshot Monthly Housing Cost
52,500
62,000 -
51,500 -
$1,000 - B Energy Cost
| B Mortgage
5500 -
S - .
Code HPH

Source: Efficiency VT
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PH Projects

Austria
.

Passive Apartments NHT Lodenareal, Innsbruck
Largest certified "Passive House" complex in the world, 2009

Herz &Lang
Bprhateis B Engingers
Hog e gl Bae fuhueel

- Pilot project in Tirol, 354 apt.
« Construction cost 54 Mil euro
« 250 Excursions since 2009

MNeue Heimat Tirol has built over

1000 apt. with PH Consulting since
2007

“The Lodenareal is the
key project for the
future of housing in
Europe”

Wolfgang Feist 2009

Monitoring 2009-2012: Best PH in Austria

Source: nikt, din a4, team k2

O

MEWE HEIMAT TIROL
e Lo Vol wwe g dirsb

52



Low Income Housing Passive House
Philadelphia




Cornell Tech’s Roosevelt Island NY City Campus
Residential Building

The first high-rise
residential building
In the world built
according to
energy-efficient
“Passive House”
principles, with 350
units, it will reach
270 feet making it
the tallest building
on the campus




Milton-VT Senior Housing Project

_ 25iOOO ft2 of interior conditioned area

irs "'I\/Iljl'tzifamily filing for Passive House Certification
In the Nation in Climate Zone 6
To start construction in May 2016 ﬁ




Milton-VT Senior Housing Project
Peak Heat Load

W P e T T

The Passive House Senior Housing Complex has a heat load of
only 126,750 BTU/hr at 2°F for 25,000 sqft floor area



Milton-VT Senior Housing Project
Peak Heat Load at -19°F

The Passive House Senior Housing Complex has a peak heat load of
only 167,000 BTU/hr at -19°F for 25,000 sqft floor area




How do we do it ?
S =

- Thermal Bridge Potential — EIm Place Wall to Wall Inside Corner Acute Angle

Internal Temperature 68.0

23.0

External Temperature

Lowest Surface Temp 66.0




Climate Data Input
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Orientation- Windows Input and Shading Analysis

Notes: South Angle Estimator
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Assemblies’ R-Value Calculation

41 B C D E F E; H I d K, L pf h F O
, PassiveHouseplamning: R-VALUES OF BUILDING ELEMENTS
5]
il Azzemblyno.  Building assernbly description Interior insulation?
7 .4 Roof 95" Truss with [avg) 6.5" Polyiso 85% : :
73 Surface Filrm Resistance [hr.fiEFBTU)  interior Bei 057
74 exterior Rze
fi]
fi: Area zection 1 Rperinch  Area section 2 [optional] R perinch  Area zection 3 [optional] R perinch Thicknesz [in]
77 1iSheetrock 0.9 0.63
74 2 iFiberglass Low Density 130 i2x4 128 150
74 1 Fiberglass Low Density 330 5.00
a0 4 Fiberglass Low Density 330 2x4 1.28 150
o 5 Fiberglass Low Density 330 2ad 1.28 150
a2 £iCDX 147 0.7%
a3 7 iPolyiso 590 6.50
84 8
gh Percentage of zec. 1 Percentage of sec. 2 Percentage of zec. 3 Tatal
o 885 19.0%% 1?38 in
ar
o |J-value supplement BTUhr fi2F R-Value: ?0 0 ke FEFETU

2




Thermal Bridges’ input

Each one positive or negative is accounted for

Thermal bridge description IETa;h ETL;::_H_F
Frame Wall to Garage Ceiling 385.00 -0.017
Slab To Wall 432.39 [0 016 |
Wall to 92.5" Roof Outside Cornex 293.00 -0.043
Wall to Roof 14" Out Coxn 25.70 -0.032
Wall to Roof 9.5 Inside Corner 163.06 [ 0.020 |
Wall to Roof 18" Inside Corner 10._70 0.014
Wall To Wall Compound Inside Cornerxr 11.72 -0.007
Wall To Wall Acute Inside Corner 31.33 0.043
Wall To Wall Right Inside Cornexr 360.85 0.014
Wall To Wall Frame To Frame Outside Corner 566.22 -0.023
Wall To Wall Fire To Frame Outside Corner 41 .0% -0.02%
Garage Ceiling TB 24 _00 -
Fire Wall to Garage Ceiling Inside Corner 73.00 0.016
Wall to 18"Roof Outside Corner 557 .20 -0.02%9
Trash Chute 23 .00 0.200
Storage Room Ceiling To Wall Inside Corner 18.21 0.081




Orientation, Windows Input and Shading Analysis

Window frames
Y Curtain
U, -¥alue Frame width Glazing edge thermal bridge Installation thermal bridge wall
facades:
‘Pﬁlcxinq ‘Pﬁlcxinq ‘Pﬁlcxinq ‘Pﬁlcxinq Xec -value
Description left right bottom above left right bottom above g i ; ; - e | o | e | Glass
o o e i left right bottom top :
left right bottom top carrier
BT FE°F | BT FEF | BTUMr fEE°F | BT L fE°F it i1 in i ETWhrfF | BTWhrAF | BT RCE | BETWReFCE | BTWhe fF | BTURCRCE | BTURCECE | BTWheRE | BT F
Schuco T&T :0.137:0.137:0.137:0.137 4.69  4.69  4.69  4.69 0.017 0.017:0.017 0.017 . 0.020:0.020:0.020:0.020
Schuco Fixed 0.137:0.137.0.137:0.137 . 3.15 , 3.15 ; 3.15 ; 3.15 ;. 0.017 . 0.017:0.017 . 0.017.0.020;0.020:0.020,0.020
Schuco Door  0.137:0.137:0.137:0.137 . 5.79 . 5.79 ; 5.79 : 5.79 . 0.017 . 0.017:0.017 . 0.017.0.020;0.020:0.040.:0.020
Metal Door :0.294:0.294:0.294:0.294 5.79 5.79 : 5.79 : 5.79 :0.030:0.030:0.030 . 0.030:0.020:0.020:0.040:0.020
Metal Door w 0.294:0.294:0.294:0.294 /1 32.00 32.00:43.00: 8.00 :0.030:0.030:0.030:0.030 0.020:0.020:0.040:0.020

- All windows and doors thermal data is cataloged

- Every single window, location and shading input is

registered




Orientation- Windows Input and Shading Analysis




ENERGY BALANCE OPTIMIZATION

Once all losses are accounted for...then

-We can start to compile the heat gains

- South Windows SHGC 60
- West Windows SHGC 37 to control Summer
- DHW lines optimization

-And assess the Primary Energy load which is affected by:
- Plug-ins & Lighting
For each kW of site energy the generation plant must
produce 3.2 kW



ENERGY BALANCE OPTIMIZATION

Mechanicals for supplemental
heating/cooling & ventilation

Heating / Cooling
- Mini Split Heat Pump
- Electrical Baseboard or Floor Matt heaters

Ventilation
- HRV - Mechanical Heat Recovery Ventilation System
- ERV - Energy Recovery Ventilation System



Mechanicals

Ductless Mini-SpIit Heat Pump ZEHNDER COMFOAIR 350 VENTILATION UNIT
Ovutdoor unit -- Indoor unit




[HE TAKE-AWAY

If we want to make renewable
energy sustainable we must
start by eliminating the energy
waste to the last kWatt

possible



[HE TAKE-AWAY

This is the only planet we have
This is the only home we have
We must preserve it with love



Thank you

PASSIVE HOUSE

ALLIANCE

VERMONT

Enrigue Bueno
E+ Buildings
Chris Miksic

CPHC™ Montpelier Construction =
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