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What	is	Passive	House?	
•  Rigorous,	Voluntary	Energy	Efficiency	Standard	
•  Formalized	by	European	ScienIsts	~1990	
•  Based	on	Super-Insulated,	Passive	Solar	&	“Low-Energy”	Buildings	
•  30,000+	Worldwide:	ResidenIal,	Commercial,	InsItuIonal	Buildings	

World’s	1st	Passive	House	
Kranichstein	Passive	House	
Darmstadt,	Germany	(1990)	

1st	Passive	House	in	US	
Smith	House	
Urbana,	Illinois	(2003)	

1st	Passive	House	in	CA	
Tahan	Residence	
Berkeley,	California	(2007)	

1st	CerIfied	Passive	House	in	CA	
1st	CerIfied	PH	Retrofit	in	US	
O’Neill	Residence	
Sonoma,	California	(2010)	

The	Passive	House	Standard	is	a	rigorous	building	performance	standard.	
Consultants,	projects	or	building	components	that	have	obtained	the	right	to	
carry	the	logo	have	commi>ed	themselves	to	design	excellence	and	the	Passive	
House	energy	performance	criteria.	



Passive	House	in	Marin	County	

Blue2	(Affordable	Rental	Housing)	
Community	Land	Trust	of	West	Marin	(CLAM)	
Point	Reyes	StaIon	(2010)	

James	Residence	(Staged	Retrofit)	
Larkspur,	CA	(2010)	

Green	Gulch	Farm	Zen	Center	(6	Unit	Dormitory)	
Muir	Beach	(2011)	1st	CerIfied	MulI-Unit	PH	in	US	

The	Blue1	House	(PH	Retrofit)	
Community	Land	Trust	of	West	Marin	(CLAM)	
Point	Reyes	StaIon	(2009)	



Passive	House	in	California	Code	

•  Marin	County	Building	Code	(2013)	
– Passive	House	recognized	in	Marin	County	Green	
Building	Requirements	

•  San	Francisco	Planning	Code	(2014)	
– Priority	processing	for	Passive	House	projects	



1st	MulI-Family	PH	in	California	

Sol-Lux	Alpha,	4	Net-Zero	Condominiums,	San	Francisco,	CA	(Under	ConstrucIon)	
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How	Does	Passive	House	Work?	

Minimize	Losses	
Maximize	Gains	
1.   Super-InsulaIon	
2.   Air-Tightness	
3.   Heat	Recovery	VenIlaIon	
4.   Controlled	Solar	Gains	
5.   Efficient	Equipment,		

Appliances	&	LighIng	

• 	VenIlaIon	System	is	Main	System	
• 	Size	Building	Loads	to	Fresh	Air	Supply	
• 	Invest	in	the	Shell,	Save	on	the	Equipment	

Image	Source:	Passivhaus	InsItut	(PHI)	



Centralized	VenIlaIon	
for	“Heat	Recycling”	&	Superior	IAQ	
	

Image	Source:	www.greenbuildingstore.co.uk/mvhr.php	

	

•  Centralized	VenIlaIon	
•  Air	Extracted	from	

“Wet”	Rooms	
•  Air	Supplied	to	Living	&	

Sleeping	Rooms	
•  Balanced	&	ConInuous	
•  Use	Windows	in	Nice	

Weather	

Passive	House	HRVs	Recover	8-15x	Their	Electrical	Use	(PHI)		
Passive	House	VenIlaIon	(0.3	ACH)	Exceeds	ASHRAE	62.2	Levels	



What	About	Cooling?	

Source:	Passive	Houses	in	Mediterranean	Climates,	PHI	



What	About	Cooling?	

Source:	Passive	Houses	in	Mediterranean	Climates,	PHI	

Peak	Loads:	Seville,	Spain,	Standard	Construc:on	



What	About	Cooling?	

Source:	Passive	Houses	in	Mediterranean	Climates,	PHI	

Peak	Loads:	Seville,	Spain,	Passive	House	



Proof	in	PracIce	
A	Passive	House	in	a	Heat	Wave	

Midori	Haus,	Santa	Cruz,	CA	-	Summer	Comfort	without	Air	CondiIoning	

www.midorihaus.com	
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The	“Classic”	Passive	House	Standard	

Source	
Energy	

Shell	Performance	
Comfort,	
Good	IAQ,	
Durability,	
Open	Building	
	

Measured	

Modeled	

	
1.   	Maximum	Air	Leakage:	0.6	ACH50	

2.   	Max.	HeaIng	or	Cooling	Demand	
	15	kWh/m2/yr	(4.75	kBtu/o2/yr)	
	 	OR	Max.	HeaIng	Load	
		10	W/m2	(3.17	Btu/hr./o2)	
	

3.   Max.	Primary	Energy	Demand*	
	120	kWh/m2/yr	(38.1	kBtu/o2/yr)	

	
*Before	PV	 Efficiency	vs.	“Net”	Zero	Energy	



Passive	House	Planning	Package	(PHPP)	
for	Predictable	Performance	

•  Climate	Zone	
•  Building	Form	&	Orienta:on	
•  Building	Assembly	R	Values	
•  Thermal	Mass	
•  Heat	Losses	to	Ground	
•  Thermal	Bridges	
•  Air	Tightness	
•  Window	U	Values,	SHGC	&	Installa:on	
•  Shading	
•  Solar	Heat	Gains	
•  Internal	Heat	Gains	
•  Internal	Heat	Recovery	
•  Hea:ng	&	Cooling	Loads	
•  Summer	Condi:ons	
•  Mechanical	&	Natural	Ven:la:on	
•  DHW	&	Solar	Thermal	
•  District	Hea:ng	
•  Plug	Loads,	Appliances,	Ligh:ng	
•  Source	Energy	
•  CO2	Emissions	
•  Occupancy	Pa]erns	&	Schedules	



Passive	House	Planning	Package	(PHPP)	
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Design	Value	Adjustment	

HeaIng	&	Cooling	Demand	
Roof	Insula:on	

Clerestory	Wall	Insula:on	

Wall	Cavity	Insula:on	

Wall	Exterior	Insula:on	

Floor	Insula:on	

Exterior	Doors	U-Value	

Orienta:on	

Roof	Overhang	

Roof	Absorp:vity	

Air	Tightness	(ACH50)	

Heat	Recovery	Efficiency	

Thermal	Mass	

Front	Windows	

Lee	Windows	

Back	Windows	

Right	Windows	

Glazed	Doors	

Solid	Door	Glazing	

Glazing	U-Value	

Glazing	SHGC	

Roof	Exterior	Insula:on	

and	Cost-OpImizaIon												



PerspecIve:	Our	California	Projects	



PerspecIve:	Our	California	Projects	



QuesIons	About	Wider	AdopIon	

1.  How	Well	Does	Passive	House	Work	in	other	
California	Climates?	(Milder	Has	More	
Houses,	Harsher	Offers	More	Savings)	

2.  How	Does	Passive	House	Compare	with	2013	
Title	24	(CA	Energy	Code)?	

3.  What	is	Generally	Required	in	Other	
California	Climates?	

4.  What	are	the	Most	Effec:ve	Improvements?	



Study:	CA	Code	!	Passive	House	
2013	California	Code	vs.	Passive	House	

1.  Analysis	of	California	Code-Minimum	
Construc:on	in	Passive	House	Planning	
Package	(PHPP	8.4)	by	Climate	Zone.	

2.  Step	by	Step	Analysis	of	Cost	Effec:ve	
Upgrades	to	Reach	Passive	House	
Performance.	



Study:	CA	Code	!	Passive	House	
T24	“Prototype”	One	Story	House	

2013 Residential ACM Reference Manual A-7  

ACM Appendix A – Certification Tests 

Figure A-3ȱthroughFigureȱAȬ1ȱandȱError!ȱReferenceȱsourceȱnotȱfound.ȱdefineȱtheȱ2100ȱft2ȱprototype.ȱ

Noteȱthatȱtheȱglassȱareaȱandȱdistributionȱprovidedȱonȱtheseȱdrawingsȱisȱonlyȱtoȱshowȱaȱrealisticȱimageȱofȱtheȱhome.ȱGlassȱareaȱandȱ
orientationȱforȱimpactȱandȱcostȱeffectivenessȱisȱsetȱusingȱaȱglassȱdistributionȱtypicalȱofȱCaliforniaȱhomes.ȱȱ

Figure A-1: One Story Prototype Front View 

�

Figure A-2: One Story Prototype Back View 

�Source:	2013	ResidenIal	AlternaIve	CalculaIon	Method	Reference	Manual	CEC-400-2013-003-SD-REV	
	



Study:	CA	Code	!	Passive	House	
T24	“Prototype”	One	Story	House	

•  Condi:oned	Floor	Area:	2100	e2	

•  Ceiling	Height:	9	e	
•  Condi:oned	Volume:	18,900	e3	

•  Slab	Area:	2100	e2	

•  Slab	Perimeter:	162	e	
•  Ceiling	Area:	2100	e2	

•  Glazing:	5%	“Condi:oned	Floor	Area”	
						(CFA)	in	Each	Direc:on	(108	e2)	
•  12”	Overhangs	

N	

Source:	2013	ResidenIal	AlternaIve	CalculaIon	Method	Reference	Manual	CEC-400-2013-003-SD-REV	
 



Study:	CA	Code	!	Passive	House	
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CZ2	Santa	Rosa	77%	ReducIon	
R21+4	Walls,	R14	Slab,	Code	Door,	Cool	Roof	
30”	Overhangs,	R6	Windows,	24%	Shadingsummer	
0.6	ACH50,	80%	HRV,	65	CFM	Night	VenIlaIon	

	 	 	 	 	 	 	 				CA	Code	!	Passive	House	

CZ8	Fullerton	64%	ReducIon	(84%	w	80%	HRV)	
Code	Walls,	R19	Slab,	Code	Door,	Cool	Roof	
36”	Overhangs,	R3	Windows,	50%	Shadingsumm	
0.6	ACH50	

	
CZ10	Riverside	59%	ReducIon	(82%	w	80%	HRV)	
Code	Walls,	R19	Slab,	Code	Door,	Cool	Roof	
36”	Overhangs,	R3	Windows,	50%	Shadingsumm	
0.6	ACH50	

	

CZ9	Burbank	62%	ReducIon	(82%	w	80%	HRV)	
Code	Walls,	R19	Slab,	Code	Door,	Cool	Roof	
36”	Overhangs,	R3	Windows,	50%	Shadingsumm	
0.6	ACH50	

	

CZ11	Red	Bluff	79%	ReducIon	
R21+4	Walls,	R14	Slab,	R5	Door,	Cool	Roof	
36”	Overhangs,	R7	Windows,	50%	Shadingsumm	
0.6	ACH50,	80%	HRV	

	
CZ12	Sacramento	82%	ReducIon	
R21+4	Walls,	R19	Slab,	R5	Door,	Cool	Roof	
36”	Overhangs,	R7	Windows,	50%	Shadingsumm	
0.6	ACH50,	80%	HRV	

	
CZ13	Fresno	78%	ReducIon	
R21+4	Walls,	R13	Slab,	R5	Door,	Cool	Roof	
36”	Overhangs,	R7	Windows,	50%	Shadingsumm	
0.6	ACH50,	80%	HRV	

	
CZ14	Palmdale	83%	ReducIon	
R21+4	Walls,	R12	Slab,	R5	Door,	Cool	Roof	
36”	Overhangs,	R7	Windows,	50%	Shadingsumm	
0.6	ACH50,	80%	HRV	

	

CZ16	Blue	Canyon	84%	ReducIon	
R62	Ceiling,	R21+20	Walls,	R18	Slab,	R5	Door	
36”	Overhangs,	R7	Windows,	50%	Shadingsumm	
0.6	ACH50,	80%	HRV	

	

CZ15	Palm	Springs	65%	ReducIon	
R21+4	Walls,	R16	Slab,	R5	Door,	Cool	Roof	
36”	Overhangs,	R7	Windows,	90%	Shadingsumm	
0.6	ACH50,	80%	HRV	

CZ7	San	Diego	67%	ReducIon	(87%	w	80%	HRV)	
Code	Walls,	R18	Slab,	Code	Door,	Cool	Roof	
36”	Overhangs,	R3	Windows,	50%	Shadingsumm	
0.6	ACH50	

CZ6	Torrance	39%	ReducIon	(75%	w	80%	HRV)	
Code	Walls,	R10	Slab,	Code	Door,	Cool	Roof	
30”	Overhangs,	R3	Windows,	24%	Shadingsumm	
0.6	ACH50	

CZ5	Santa	Maria	55%	ReducIon	
Code	Walls,	R12	Slab,	Code	Door	
12”	Overhangs,	R3	Windows,	0.25/0.50	SHGC	
0.6	ACH50,	80%	HRV	

CZ4	San	Jose	57%	ReducIon	
Code	Walls,	R13	Slab,	Code	Door,	Cool	Roof	
30”	Overhangs,	R3	Windows,	24%	Shadingsumm	
0.6	ACH50,	80%	HRV	

CZ3	Oakland	52%	ReducIon	
Code	Walls,	R13	Slab,	R5	Door	
12”	Overhangs,	R3	Windows,	0.25/0.50	SHGC	
0.6	ACH50,	80%	HRV	

CZ1	Arcata	76%	ReducIon	
R21+4	Walls,	R14	Slab,	R5	Door	
12”	Overhangs,	R7	Windows	
0.6	ACH50,	80%	HRV	



Title	24	vs.	PH	Energy	Modeling	

1	of	16	CiIes	
No	Landscape	Shading	
Bug	Screens	Year	‘Round	

“Proposed	Design”	

“Standard	Design”	
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Equal	Wall	Areas	&	Glazing	(5%	CFA)	
Rotated	to	True	North	
Floor	Area	&	Volume	=	Prop.	Design	
PrescripIve	Measures	
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“Modeled	Compliance”	 “Performance”	



Performance	vs.	Compliance	

Reference:	www.fueleconomy.gov,	US	DOE	

2012	GMC	Yukon	Denali	1500	(15	MPG)		 2012	Honda	Civic	HF	(33	MPG)	

2012	Yukon	Denali	1500	Hybrid	(21	MPG)		 2012	Honda	Civic	Hybrid	(44	MPG)	

40%	(6	MPG)	Improvement	 33%	(11	MPG)	Improvement	

Performance	is	an	absolute	standard,	compliance	is	always	relaIve.	



Compliance	Approach	
Compares	the	Building	to	Itself,	Not	to	a	Standard	
	

Low	Rise	 Bungalow	 ‘L’	Shape	

Surface/Floor	Area	 2.1:1	 3.0:1	 3.5:1	

UA	(R11	Shell)	 384	 544	 567	

UA	(R17	Shell)	 248	 352	 357	

Improvement	 35%	 35%	 35%	

Total	Heat	Flow	 x1.0	 x1.4	 x1.5	



Compliance	is	“SIcky”	to	Baseline	
Regardless	of	Reference	Point	
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ConstrucIon	Cost	
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Constant	Cost	(Steeper	=	Cheaper)	
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OrientaIon	&	Shading	Maver	

…without	purpose	they	wrought	all	things	in	confusion.	They	had	neither	
knowledge	of	houses	built	of	bricks	and	turned	to	face	the	sun	nor	yet	of	work	in	
wood;	but	dwelt	beneath	the	ground	like	swarming	ants,	in	sunless	caves	-	
Aeschylus,	PROMETHEUS	BOUND	

Cliff	Dwelling,	Mesa	Verde,	CO	(Wikipedia)	 Priene,	Ancient	Greece	(Solarpedia)	



Air	Sealing	Mavers	
for	Health	

Source:	Terry	Nordbye,	The	PracIcal	House	

A	Washington	State	University	Extension	Energy	Program	(WSU-EEP)	study	found	that	up	to	40%	of	
the	air	in	the	test	homes	originated	in	the	crawl	space.	



Air	Sealing	Mavers	
for	Comfort	

9	mph	Wind	=	-30%	R	Value	(Dupont,	2007)	



Air	Sealing	Mavers	
for	Durability	

•  Air	movement	accounts	for	98%+	of	water	vapor	movement	in	building	caviIes	
•  Canadian	Study	(One	HeaIng	Season,	Indoors	@	70ºF,	40%	RH)	

o  Diffusion:	4’x8’	sheet	of	drywall	=	1/3	quart	of	water	
o  InfiltraIon:	1	in2	hole	=	30	quarts	of	water	
o  90:1	raIo!!!	

In	Quickly	(Air	Leakage)	-	Out	Slowly	(Diffusion)	=	AccumulaIon	



Air	Sealing	Mavers	
for	Durability	

•  Air	movement	accounts	for	98%+	of	water	vapor	movement	in	building	caviIes	
•  Canadian	Study	(One	HeaIng	Season,	Indoors	@	70ºF,	40%	RH)	

o  Diffusion:	4’x8’	sheet	of	drywall	=	1/3	quart	of	water	
o  InfiltraIon:	1	in2	hole	=	30	quarts	of	water	
o  90:1	raIo!!!	

“Walls	don’t	need	to	breathe,	but	they	do	need	to	sweat!!!”	



Air	Sealing	Mavers	
for	Performance	
•  30-50%	of	Space	Condi:oning	Energy	(DOE)	
•  9	MPH	Wind	=	-30%	R-Value	(DuPont,	2007)	
•  Average	US	House:	3	e2	of	Holes	
•  Typical	2500	e2	Home:	½	Mile	of	Cracks	

Inves-ga-on	of	the	
Impact	of	Commercial	
Building	Envelope	
Air-ghtness	on	HVAC	
Energy	Use	(NISTIR	7238)	
	-	NIST,	US	D.O.C.	

Passive	House:	60-70%	Savings,	BEFORE	PV	



Air	Sealing	Mavers	
for	Predictable	Performance	

Source:	PHI	

•  ACHNAT	Very	Unpredictable	
•  “InfiltraIon:	Just	ACH50	Divided	by	20?”	

		-	Alan	Meier,	Home	Energy	Magazine,	January/February	1994	
•  “Transla:ng	blower	door	measurements	into	an	average	infiltra:on	rate	has	

bedeviled	the	retrofi]er	and	researcher	alike.”	
•  N	=	C	*	H	*	S	*	L	

•  C	=	climate	factor	
•  H	=	height	factor	
•  S	=	wind	shielding	factor	
•  L 	=	leakiness	factor	
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Insulate	Slabs!	

CA	Ground	Temp.	–	Fine	in	Summer,	Winter’s	a	Bummer!	



The	Windows	Maver	
For	Performance	

Energy	Star	
Double	Pane	
U	=	0.3	(R3)	

Passive	House		
Triple	Pane	
U	=	0.12	(R8)	
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The	Windows	Maver	
For	Performance	

R14	(R8	Window)	R10	(R3	Window)	R10	(R8	Window)	 R14	(19.4”	Cavity)	

2X4	Wall	
20%	Glazing	

7.4”	Cavity	
20%	Glazing	

2X6	Wall	
20%	Glazing	

19.4”	Cavity	
20%	Glazing	



The	Windows	Maver	
For	Performance	

R18	(R8	Window)	 R17	(R3	Window)	

2X6	Wall	+	R8	
20%	Glazing	

Infinite	Cavity	
20%	Glazing	

R10	(R3	Window)	R10	(R8	Window)	

2X4	Wall	
20%	Glazing	

7.4”	Cavity	
20%	Glazing	



The	Details	Maver	
Thermal	Bridges	
	
Material 	 	 	 	“R”	Value	
Aluminum 	 	 	0.0006/in	
Steel	 	 	 	 	0.04/in	
Concrete	 	 	 	0.08/in	
Glass	(Single	Pane) 	 	~1	
Glass	(Double	Pane) 	2	to	4	
Glass	(Triple	Pane) 	 	3	to	11	
Wood 	 	 	 	1.25/in	
Icynene	Spray	Foam 	3.6/in	
Fiberglass 	 	 	3.14-4.30/in	
Cellulose 	 	 	 	3.70/in	
EPS	Foam	 	 	 	4.00/in	
XPS	Foam	 	 	 	5.00/in	
CC	Spray	Foam 	 	6.25/in	
Poly-Iso	(Foil	Faced) 	7.20/in	
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The	Details	Maver	
Thermal	Bridges	

Images:	Gavin	Healy,	Balance	Point	Home	Performance	



The	Details	Maver	
Thermal	Bridge	Analysis	of	IntersecIons	

(E) PLASTER

(N) LOOSE CELLULOSE, 12" MIN
(INSTALLED AFTER BLOWER DOOR TEST)

(N) CCSF AS REQUIRED
(INSTALLED AFTER

BLOWER DOOR TEST)

(N) DENSE PACKED
CELLULOSE OR FIBERGLASS

(N) PLYWOOD SHEATHING
GLUED TO FRAMING @ PERIMETER, SEAMS TAPED W/

PROTECTO SUPER STICK BUILDING TAPE® OR
3M™ ALL WEATHER FLASHING TAPE 8067 OR EQUIV.

(N) EXT RIGID INS.
2" ROCKWOOL (ROXUL TOPROCK OR EQUIV.)

(INSTALLED AFTER BLOWER DOOR TEST)

(N) VENT STRIP
COR-A VENT SV5 OR EQUIV.
W/ INSECT SCREEN
@ TOP & BOTTOM OF CAVITY

1/4" MIN GAP

(N) SIDING

(N) FASCIA & BLOCKING

(N) 3/4" FURRING STRIPS @ 16" OC
(BACK VENTED CAVITY)

(N) HOUSE WRAP
SEAMS & PERIMETER
TAPED & SEALED

(N) PLYWOOD LIBERALLY GLUED & 
SEALED TO (E) ROOF SHEATHING & 
RAFTER BLOCKS

(E) RAFTERS, SHEATHING & ROOFING

VENTED ATTIC
(NET VENT AREA MIN 1/15OTH OF ATTIC 
AREA)

HOUSE WRAP EXTENDED BEHIND 
BLOCKING, TAPED TO SHEATHING

ALL PENETRATIONS THROUGH TOP PLATE TO BE SEALED WITH FOAM OR CAULK

ALL PENETRATIONS THROUGH CEILING
TO BE BOOTED & SEALED

PASSIVE HOUSE RETROFIT
ROOF-WALL INTERSECTION
SCALE: 1" = 1'-0"
© 2010 GRAHAM IRWIN, ESSENTIAL HABITAT
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2015 ACI California Regional Home Performance Conference   •  Sacramento, CA
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The	“Duck	Curve”	
	and	the	End	of	Net-Zero?	

Gross	Load	

Wind	(2014)	
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California	Grid	Load	(March	31)	

Gross	Load	

Wind	(2014)	

Solar	

Data:	CAISO	

Energy:	13	GW	x	3	hrs	/	2	=	19,500,000	kWh	/	10	kWh	/	70%	=	2,790,000	Tesla	10	kW	Powerwalls	
Power:	13	GW	/	2	kW	=	6,500,000	Tesla	10	kW	Powerwalls	
California:	12%	Renewable	in	2014,	33%	by	2030,	50%	Renewable	by	2050	
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Unheated	Building	vs.	𝝉	(San	Francisco,	CA,	July)	
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Unheated	Building	vs.	𝝉	(San	Francisco,	CA,	December)	

Tout	

Tout	(avg.)	

Tint,	𝝉=3	hrs	

Tint,	𝝉=10	hrs	

Tint,	𝝉=30	hrs	

Tint,	𝝉=200	hrs	

The	Dao	of	Tau	 𝝉		萄	
of	
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Net	Zero	Energy	
Just	Add	Solar	&	Call	It	Done?	

Summer	

Winter	

Winter	

Summer	
Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	 Oct	 Nov	 Dec	

Hea:ng	Demand	

Solar	+	IHG	

Internal	Heat	Gain	



Proof	in	PracIce	
Passive	House	“Flavened”	Seasonal	Energy	Use	

2869	kWh	Elec.	+	50	Therms	(1,465	kWh)	Nat.	Gas	=	4,334	kWh	(before	PV!)	
Before	Retrofit	21,928	kWh/yr,	Similar	CA	Home	19,596	kWh/yr	
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Where	Does	Our	Energy	Go?	
Average	PG&E	Household	(1584	o2)	
	
	

Reference:	2009	ResidenIal	Appliance	SaturaIon	Survey	(RASS),	California	Energy	Commission	(CEC)	

Natural	Gas:	399	Therms/yr	
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Reference:	2009	ResidenIal	Appliance	SaturaIon	Survey	(RASS),	California	Energy	Commission	(CEC)	

Laundry	
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Cooking	
4%	 Pool/Spa	

2%	

Misc	
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Hot	Water	
41%	

PG&E	Household	Natural	Gas	Use	
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Where	Does	Our	Energy	Go?	
Average	PG&E	Household	(1584	o2)	
	
	

Reference:	2009	ResidenIal	Appliance	SaturaIon	Survey	(RASS),	California	Energy	Commission	(CEC)	

Site	Energy:	18,263	kWh/yr	
Electricity:	35%	
Natural	Gas:	65%	

Misc.	
9%	

Hea:ng	
34%	

Cooling	
2%	

Hot	Water	
28%	

Laundry	
3%	

Cooking	
4%	

Refrigerator/Freezers	
7%	

Pool/Spa	
3%	

Ligh:ng	
3%	

Electronics	
7%	

PG&E	Household	Site	Energy	



	 	 	Thank	You!	QuesIons?	
	

Graham	Irwin	
		Principal,	Essen:al	Habitat	Architecture	
		www.essen:alhabitat.com	


