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Passive House Buildings — Mitigating Climate Change

Implementing the Passive House Building Standard to minimize the energy
intensity and CO, emissions in buildings

House Committee on
Natural Resources
Act 250 & Climate Change




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).
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The Problem

Buildings 44.6%
(2358 MMT COue)
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The Problem - 67% from Fossil Fuels*
S =

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). }/irmonT
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The Problem in VT

76% of Heating comes from Fossil Fuels
-1

VT ENERGY USE
BY SECTOR

Electricity 27%

Heating 38%

Transportation

vermont
35% Source: EAN 2017 report "90% Renewable by 2015" 444
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The Problem in VT

Energy prices are increasing
N =

Change in real price of energy source, 2000 - 2012

225%
Heating oil

200%
175%

Propanea

Matural
150% gas
125%

Electricity
! wWood*

2000 2001 2002 2003 2004 2005 2008 2007 2008 2009 2010 22011 2012

* Data on wood prices date only to 2008 and are basad on small, unscientific surveys.
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Source: VLS Report. Energy Costs and Burdens in Vermont: Burdensome for Whom?
Data from the Census Bureau’s American Community Survey
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Low income folks are disproportionate carrying the burden. In 2000 low income households spent 21% of their income in energy, in 2012 they spent 28%. Their expenditure is increasing exponentially


- The Problem in VT

VT’s CO2 emissions increased by 11% from 2012 to 2015
by 2015 we were 55% above the goal

VT CEP Goal
BUSINESS AS USUAL (if 25% renewable energy by 2025

(GHG Emissions are target is met)
currently increasing)
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VT CEP Goal
(80-95% GHG
reduction below
1990 levels)

MMTCO e

4 Vermont missed its

2012 statutory target of

a 25% reduction below VT GHG Statute
1990 levels. Emissions (By 2028, 50%
increased 4% instead. FIRNIail IR

1990 levels)
HISTORICAL
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HISTORICAL EMISSIONS FROM VERMONT AGENCY OF NATURAL RESOURCES: CLIMATECHANGE VERMONT.GOV
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Presentation Notes
CO2 emission are an indicator of how unaffordable affordable housing is


A Solution to the Problem in VT
90% Reduction in Heating Energy Consumption

Implementing the Passive House Building Standard
I S,

VoY SECTOR 90% of Heating
Energy Reduction =

Heating 34% reduction in

o total VT energy

Electricity
27%

consumption

90% reduction on
Transportati

35% Heating Energy from
Source: EAN 2017 report "90% Renewable by 2050" Fossil Fuels — only

39% of Fossil Fuels

dependency
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76% of Heating comes
from Fossil Fuels
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The Passive House Approach

Maintain the temperature using
insulation, rather than by using energy.
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Passive House Moves Toward Simplicity
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PASSIVE BUILDING PRINCIPLES

—
Five key principles:

1 « Climate Specific

Insulation
Levels
5 « Hlgh Efficiency
Heat Recovery
Ventilation

o

E'

2 « Thermal Bridge
Free Connections

4 « Airtightness ““’

« High-Performance
Windows/Doors

vgrmonT
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Appropriate level of thermal
INSULATION to control energy loss

o —

For Climate Zone 6
R60 WALLS: R?0 CEILING: R60 SLAB
High Performance WINDOWS U value < 0.13 (R-7)

The proper level of insulation is critical to maintain
the home warm in the winter and cool in the summer
and to maintain homogenous temperature
throughout the house.

Raised-heel
eang ro] Iruss
ent channel
Soffil et
& fnghe of sun
e n SUmmar
3 ﬁ ah ;‘l
F N F.l o i!'x'gb of sun
b 4 = _eg==T mwnler
L8 L)
\ i
Elown-n calulbs2 ; 12" roaf
29" deap ! tyesharg
.',-
Triple pane UG —— T |
wintlows cenlered WWak-mounted
in wall, typical stler aray
/ [
i
P f_‘
- -
&
L
r
/
.'"
Soulh-facmig windaws ;
pinicle passiva solar i
neat mwnier, Woe ¢
reof owerhang provides
shade in summer ;!
iy
Perimater drain
\ : /
\Si'aelson WB X lick \ Factory-cut EPS
rigid EPS insukstion instaled parimater piece wilh
hetwsen penmeter peces J-widz Yapered wing
vgrmop_fr_ -
bs L

passive house



Controlling Solar Gains Seasonally Through
Windows and Orientation

TRIPLE GLAZED: U VALUE < 0.13; 0.60 Solar Heat Gain
Coefficient on South Windows for Climate Zone 6
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Controlling Energy Loss by
Eliminating Air In/Ex-filtration

No air leaks in Uninterrupted
the envelope Air Barrier

Max. 0.6 ACH @ 50 PA ( based on interior floor area)

Max. 0.05 cfm/gross sqft shell @ 50 PA
Blower Door Test limits v

vermont



Controlling Energy Loss by
Eliminating Thermal Bridges

Psi < 0.006 BTU/hr.ft.°F




MIHIMIIE lﬂSS'

BAD = high heat loss + nsk of GOOD = low heat loss, warm
condensation intenor surface + no
condensafion

| kinimum femperanre above
dew-point, nsk of condens: :111 el dew-point. no rsk of condensation



Passive House Standard

Accounts for Internal Heat Gains - People
S
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Passive House Standard

Accounts for Internal Heat Gains - Appliances
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Passive House Standard
Provides Fresh Air via Heat/Energy Recovery Ventilation
]

MINIMUM of 0.30 ACH
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Passive House Concept: Once the Wasted Energy is
Reduced to the minimum...
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Energy Usage Comparison

Annual Site Energy Use Comparison
160
140
120 ¢}
100 : : : :
5 | Lights & Appliances
el
T - < A
3 80 | W Ventilation
; o Water Heating
= :
m Heating
60 | | Cooling
40 | : s
20 [ T 1 : —- :
a 'l — . . -
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
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VT Baseline HERS 70
VT Energy Code HERS 65
VT Energy Code Plus HERS 56
VT Energy Star v3 HERS 52
Passive House HERS 35


How does it relate to other programs?

Energy Efficient Housing Concepts in the US:

O Vermont Energy Code (RBES): required for all new construction but not enforced
O Energy Star 3.0: DoE Program (30% more efficient than Code)
O Building America: DoE super energy savings Program (15% better than
EStar)
O Passive House: 90% more efficient than VT Building Code

70% more efficient than Energy Star

m 55% more efficient than Building America

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

vermont
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Actual Energy Consumption Comparison of five Energy
Star Homes, one Passive House and one Low Load

ENERGY STAR vs. Low Load Homes

(Averages 73% Reduction in Energy Usage)
12000

10000

8000

6000

4000

2000

ENERGY STAR #1 ENERGY STAR #2 ENERGY STAR #3 ENERGY STAR #4 ENERGY STAR #5 Low Load #1 (31) Low Load #2 (45)
(71) (73) (73) (66) (68)

M Electric ™ Heat & DHW

vprmonT

Source: Efficiency VT
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Seven homes comparison: The 5 from the left were built per Energy Star, the second to last is a Passive House and the last one is a Low Load House
The Red is Heat and DHW, The Blue is Electricity


How does it relate to other programs?

A STEPPING STONE PROCESS TO HIGH
PERFORMANCE AND QUALITY

THROUGH COLLABORATION

Mostly Performance l l ‘Musﬂv Prescriptive
| 100

Step 3: 65-85%% Step 2: 30-00% Step 1: 15-30%
EMERGY READYT HOME

et ENERGY STAR

vprmonT




It is not Rocket Science and applies to
retrofits too

Frankfurt Teverstrasse, Refurbishment using Passive House Principles
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Source: Passivehouse Institute / DENA
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McKeesport Downtown Housing (Residential)
McKeesport, PA
Weatherization of 84 units - 36643 sqft

yﬁermonb_

Source PHIUS Projects Database A
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51 Upper Pines 1440 sqgft - / Warren VT

90% Reduction in Heating Demand
—

Before weatherization estimated
Heating Demand 62.25 kBTU/ft2-yr
Heating Load 36.58 BTU/(hr-ft2)

After weatherization
Heating Demand 6.39 kBTU/fr2-yr
or 9200 kBTU/yr
Peak Heat Load 4.29 BTU/hr-ft2
or 6435 BTU/hr ET;DT'”

o g,
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51 Upper Pines -/ Warren VT
Actual Total Energy Usage 2017-08 to 2018-08

On Site Energy Comparison KWh/yr
Estimated before retrofit 15563
Forecasted by Passive House retrofit 7188
PHIUS+ 2015 Threshold (4 occupants) 7750
Actual 12 month usage (4 occupants) 7121

54% less total energy consumption



Passive House Projects
North East USA

e

School
rtland ME

Po

ordable Senior Housing
, Milton VT
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Affordable Housing

mBrewer - ME
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East Harlem - NYC
East 111th Street development
S =
Mixed-use, 655 affordable
apartments complex including

g= - Seniors' housing
_I""_ - Harlem RBI/Dream Charter School

<%= | - Mount Sinai Health Center

& - Urban Market & Retail Space

busvrs - Public gardens
S Income from $19,050 to $106,080

vprmonT

Rendering Courtesy of Handel Architects passive house



Village Center Apartments
Brewer, ME

48 Affordable
Housing Units
51,778 SqgFt Interior
Floor Area
1,2 & 3 Bedroom
units

. 3 common areas
| i 1 dog washing room

$135/sqft
construction cost

vermont _
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Gilford Village Knolis llI
New Hampshire

Multifamily
Affordable
Senior Housing
24 Units

20,571 ft2

vermont
Y. o



Passive House Projects

Vermont
b

THIRD ANNUAL PASSIN ELM PLACE -

pRofECTs compqnpg OB Besi Overall
INNE‘hS' =

Passive Building
Winner

Multifamily project category Winner
“ Affordable project catesory Honorable
Mention

2017 PHIUS Passive House Projects
Competition

vermont

conventional building cost =Sl




Elm Place Senior Housing Milton-VT
Predicted Heat Load

for 27,690 sqft floor area
A 20 kW PV rooftop array produces
67.085 kBTU/yr e



Habitat for Humanities
Charlotte - VT

vprmonT
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Habitat for Humanities
Charlotte - VT

Monthly Utility Costs - Low Load #1
Average Monthly Cost - $67
$140.00 5132
$120.00
$103
$100.00
588
$80.00 574
$60.00
S48 $43 $46
$36
240,00 $30 '
N I I
5
June (318) July (202) August (240) September (287) October (309) November (496) December (587) January (879) February (688)

vermont
Source: Efficiency VT 2012 ks

passive house



Habitat for Humanities
East Montpelier

$61/month average at $0.156/kWh - all energy —
plug loads, heating, cooling and DHW !! =

passive house



Cost Analysis for HP Home

Snapshot Monthly Housing Cost

52,500

52,000 -

51,500 -

51,000 - B Energy Cost
| B Mortgage
5500 -

> .
Code HPY

vprmonT

Source: Efficiency VT ds Eaq
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Second & Dela‘r\;;/a're

Multifamily Passive
Kansas City MO '




Environmental Benefits Comparison with other equivalent project

Kansas City High Rise Second and Delaware [Passive House)

Building Size 277,512 SF Building Size 290,754 SF
Site Energy 40,?031595 kBtuyr  Site Energy 4.519,143%

The Arnold Development Group LLC



Environmental Benefits

Energy Consumption Comparison
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Structure Cost Per Square Foot:

g $4,268.000
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The New Development Model

Opportunity

In the USA for

the next 50 years
* Demand: 40 million units

e Stay in Homes: (13 million)

* Remaining: 27 million units
* 100,000 Second and Delaware Buildings

* Globally - 60 million people move to cities
each year.
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Presentation Notes
Demand for the next 50 years


Imagine the Savings

100,000 x 36,183,952,000 BTU =
3,618,395,200,000,000 BTU =
1,060,447,061,499 kWatt-hr

1.06045 x 102 KW-hr
1.06045 x 10° GWh = 1 Million GWh

The installed capacity of wind power in Germany was 25.8 GW by 2010
Fukushima Daiichi Nuclear Power Plant = 4.7 GW

passive house
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Presentation Notes
Estimate: 1 Trillion kWh saved in 27 million new residential units built during the next 50 years if Passive House Standard is applied


WIND?2

SOLAR™"
23 ,000 per year

World energy use
16 TW-yr
per year

e 3

TIDES 1

3 e e

Source: IEA/SHC Task 36 Solar Resource Knowledge Management

Figure 1: Comparing finite and renewable planetary energy reserves (Terawatt-
- ¥ b L
years). Total recoverable reserves are shown for the finite resources. Yearly
potential is shown for the renewables.



VT’s URGENT MISSION

VT must act now to reduce the energy consumption and CO2 emissions related to buildings.

VT needs bold and immediate upgrades to the VT building code and should make resolutions to be at
the Passive House levels of energy and carbon reductions now. And enforce it !

VT has qualified PASSIVE HOUSE builders and PH trainers to meet the challenge. VTPH and Eff VT can
help now, and it can be done with off the shelf materials at neutral cost.

By challenging the myth that we need fossil fuels for a sustainable economy, we must reduce VT’s
dependency on fossil fuels as it relates to heating and cooling buildings, stop supporting an out of

State fossil fuel economy and keep VT dollars at home invested in our own State economy.

Subsidies similar to or greater than what is available for solar electric will need to be implemented for
existing home upgrades. The results will reduce energy and carbon much more than solar electric.

The PASSIVE HOUSE Standard will provide security to people in events of power loss and healthy
indoor environment.

Adopting the PASSIVE HOUSE Standard as building code can be another VT first for our State.

VT can help Carbon capture through managed and sustainable forestry practices and drive economic
growth with the production of wood fiber products such as building insulation materials.

vermont

passive house



Thank you

vermont
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passive house
Because we care about you saving money and living
healthy, and care about the environment, our legacy and

our future, we design and build
energy efficient buildings.

Enrique Bueno - ebueno@eplusbuildings.com

CPHC® CERTIEIED



	Slide Number 1
	The Problem
	The Problem
	The Problem - 67% from Fossil Fuels*
	The Problem in VT�76% of Heating comes from Fossil Fuels
	The Problem in VT�Energy prices are increasing
	The Problem in VT�VT’s CO2 emissions increased by 11% from 2012 to 2015�by 2015 we were 55% above the goal
	A Solution to the Problem in VT�90% Reduction in Heating Energy Consumption�Implementing the Passive House Building Standard
	The Passive House Approach
	Passive House Moves Toward Simplicity
	PASSIVE BUILDING PRINCIPLES
	Appropriate level of thermal INSULATION to control energy loss
	Controlling Solar Gains Seasonally Through�Windows and Orientation
	Controlling Energy Loss by�Eliminating Air In/Ex-filtration
	Controlling Energy Loss by�Eliminating Thermal Bridges 
	Slide Number 16
	Passive House Standard �Accounts for Internal Heat Gains - People
	Passive House Standard�Accounts for Internal Heat Gains - Appliances 
	Passive House Standard�Provides Fresh Air via Heat/Energy Recovery Ventilation
	Passive House Concept: Once the Wasted Energy is Reduced to the minimum…
	Energy Usage Comparison
	How does it relate to other programs?
	Actual Energy Consumption Comparison of five Energy Star Homes, one Passive House and one Low Load
	How does it relate to other programs?
	It is not Rocket Science and applies to retrofits too
	McKeesport Downtown Housing (Residential)�McKeesport, PA�Weatherization of 84 units - 36643 sqft
	51 Upper Pines 1440 sqft - / Warren VT �90% Reduction in Heating Demand
	51 Upper Pines - / Warren VT�Actual Total Energy Usage 2017-08 to 2018-08
	Passive House Projects�North East USA
	East Harlem - NYC�East 111th Street development
	Village Center Apartments�Brewer, ME
	Gilford Village Knolls III�New Hampshire
	Passive House Projects�Vermont
	Elm Place Senior Housing Milton-VT�Predicted Heat Load
	Habitat for Humanities�Charlotte - VT
	Habitat for Humanities�Charlotte - VT
	Habitat for Humanities�East Montpelier
	Cost Analysis for HP Home
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Imagine the Savings
	Slide Number 45
	Slide Number 46
	Thank you

