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i. intRoduCtion

goals

Green	building	is	gaining	momentum	both	locally	and	nationally.	As	more	building	and	development	
projects strive to meet stringent sustainability goals such as increased water efficiency, use 
of renewable energy, and less toxic alternatives to conventional building materials, the more 
challenging it can become for these project to navigate their way through the current regulatory 
system.					

The	goal	of	this	project	is	to	evaluate	City	of	Vancouver	and	Clark	County	regulations	and	codes	
to	identify	and	address	barriers	to	sustainable,	affordable,	residential	development	(SARD).		The	
project	is	funded	through	the	Washington	State	Department	of	Community,	Trade	and	Economic	
Development. By assessing code and regulatory barriers across the two jurisdictions, Vancouver 
and	Clark	County	can	leverage	efforts	to	identify	barriers,	assess	solutions,	and	harmonize	
outcomes so that innovative green projects are not only allowed but encouraged within each 
jurisdiction.	

The City of Vancouver, on behalf of itself and Clark County, has contracted with the Cascadia 
Region	Green	Building	Council	to	facilitate	and	carryout	the	code	study.	Cascadia’s	Living	Building	
Challenge	is	used	as	the	benchmark	performance	standard	for	analyzing	code	and	regulatory	
obstacles.	The	Living	Building	Challenge	represents	the	most	stringent	standard	established	for	
green	building	projects	across	the	country.	

This report identifies sustainable design strategies for various types of residential development 
projects and highlights the obstacles project teams may encounter when seeking approval for a 
Living Building project. The focus for this study is specifically on affordable housing development. 
By	concentrating	on	designs	and	building	systems	appropriate	for	affordable	housing	projects,	
this study seeks to help eliminate the barriers that currently exist within codes and regulations for 
projects	seeking	to	push	beyond	minimum	requirements.	The	intent	of	this	study	is	not	to	make	
recommendations	for	raising	the	code-minimum	level	of	performance	for	all	building	projects,	but	
rather	to	address	the	obstacles	that	may	exist	for	affordable	housing	project	teams	interested	in	
pursuing	the	highest	level	of	sustainability	for	their	projects.				

This report summarizes the process and findings of Tasks 1 and 2 under the Sustainable, 
Affordable, Residential Development contract between the City of Vancouver and Cascadia. 
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paRtiCipants

City of vancouver

The City of Vancouver manages the SARD contract and is the primary coordinator between the City, 
County, Vancouver Housing Authority and Cascadia. Staff from Development Review, Public Works, 
Community	Planning,	Parks,	Fire,	and	Transportation	departments	participated	in	evaluating	the	
City’s	codes	and	regulations	to	identify	barriers	to	the	Living	Building	Challenge.		
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Clark County

Staff	from	Clark	County’s	Community	Development,	Public	Works,	Public	Health	and	Community	
Planning departments were active participants in evaluating the County’s codes and regulations to 
identify	barriers	to	the	Living	Building	Challenge.

vancouver housing authority

Staff	from	the	Vancouver	Housing	Authority	
provided	feedback	on	the	opportunities	
and	challenges	faced	by	affordable	housing	
projects	related	to	green	building.	

Cascadia Region green Building Council

Cascadia	is	the	primary	consultant	for	the	
project, managing the flow of work under the 
SARD	contract	and	providing	expertise	on	the	
requirements	of	the	Living	Building	Challenge.	
Cascadia has subcontracted with Mithun and 
SERA	Architects	to	provide	technical	design	
expertise	and	code	analysis	research.
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ii. oveRvieW of the living Building 
Challenge 

Conventional building and development practices can pose significant impacts on our natural 
resources	and	on	global	climate	change.	According	to	the	U.S.	Green	Building	Council,	buildings	in	
the	U.S.	alone	account	for:	

72%	of	electricity	consumption,

39%	of	energy	use,

38%	of	all	carbon	dioxide	(CO2)	emissions,

40% of raw materials use,

30% of waste output (136 million tons annually), and

4% of potable water consumption.

Over	the	last	10-15	years,	a	number	of	programs,	standards,	and	policies	have	emerged	in	response	
to the growing awareness and concerns of these serious impacts. Most prevalent has been the U.S. 
Green	Building	Council’s	Leadership	in	Energy	and	Environmental	Design	(LEED)	Rating	Systems	
which establish tiered levels of benchmarks for minimizing the negative environmental impacts of 
buildings. As of November 2008, over 2,020 building and development projects have been certified 
under the LEED Rating Systems, with more than 15,600 projects pending certification.1

The growing market demand for certified green buildings and the need for ever-evolving standards 
for	the	design	and	construction	of	these	buildings	has	resulted	in	the	evolution	of	the	Living	
Building Challenge (LBC).  The Living Building Challenge was developed by the Cascadia Region 
Green	Building	Council	to	inspire	higher	levels	of	sustainability	in	the	built	environment.	The	LBC	
provides	benchmarks	for	project	teams	seeking	to	move	beyond	the	levels	of	the	LEED	Rating	
Systems into a region-specific, performance-based, post-occupancy evaluation of a project’s 
sustainability	efforts.			

The Living Building Challenge was established to purposely push the envelope on the current 
level of green building practices while acknowledging current market conditions and realities. 
In	the	continuum	of	building	practices	that	extend	from	code-compliance	to	those	of	the	Living	
Building Challenge and beyond, the ultimate goal moves towards greater restorative designs and 
systems that provide more benefit than harm across the spectrum of their impacts. Mainstream 
green	buildings	are	intended	to	help	minimize	negative	impacts	on	building	sites,	optimize	
building performance to increase energy, water and resource efficiencies, and improve indoor 
environmental quality.  By contrast, restorative or regenerative systems work towards improving 
the ability of a whole system to continually co-evolve toward greater health, vitality, and integrity.2

•

•

•

•

•

•

1		Green	Building	by	the	Numbers.	USGBC.	November	2008.	

2		Code	and	Regulatory	Barriers	to	the	Living	Building	Challenge	Report.	David	Eisenberg,	et	al.	2008.
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The LBC was chosen as the benchmark performance standard in this study because of its focus 
on	a	set	of	standards	that	represent	the	next	evolution	of	green	building	practices.		The	Living	
Building Challenge is comprised of sixteen prerequisites within six performance areas: Site, 
Energy,	Materials,	Water,	Indoor	Quality,	and	Beauty	and	Inspiration.	For	a	project	to	earn	the	Living	
Building designation, all prerequisites must be met. LBC projects harvest and store their own 
water and generate their own energy on a net annual basis. They are built from regionally-sourced, 
responsibly-harvested	building	materials	free	from	persistent	toxic	chemicals.		They	are	built	on	
previously	developed	sites,	offset	the	negative	environmental	impacts	of	their	development,	and	
support	healthy	indoor	environments	for	all	building	occupants.	

Where	current	building	codes	and	regulations	pose	barriers	to	the	LBC	prerequisites,	Cascadia’s	
goal is to identify those barriers and work with a community of leaders towards solutions and 
incentives. It is recognized that not every project will be able to meet the LBC prerequisites and 
that every project will need to assess the level of scale at which accomplishing the goals of the 
LBC makes the most sense. For instance in dense urban locations, water, wastewater, and energy 
systems may be more beneficially accomplished on a neighborhood or district scale than on 
an individual site scale. Similarly, affordable housing projects may find that implementing LBC 
strategies on a community-wide scale is more cost-effective. For example, a 100-unit housing 
development may collect and treat its wastewater through one centrally-located onsite treatment 
system	rather	than	a	hundred	individual	onsite	treatment	systems	for	each	house.	Where	public	or	
private utilities provide energy and water systems from low-impact, clean technology, LBC projects 
may	opt	to	connect	to	these	utilities	rather	than	provide	individual	onsite	systems.		At	any	scale,	
the	intent	of	the	LBC	is	to	recognize	that	those	involved	in	the	design,	construction	and	operation	
of	buildings	have	a	responsibility	for	addressing	serious	environmental	impacts,	such	as	natural	
resource depletion and climate change, beyond what is required by current regulations, and to 
provide project teams with a tangible set of standards for accomplishing this goal.   

TYPICAL “CODE”

ECOLOGICAL FOOTPRINT

BUILDINGS
BETTER BUILDING
PRACTICES

HIGH PERFORMANCE
GREEN BUILDINGS

PURSUING
SUSTAINABILITY

RESTORATIVE
BUILDINGS

Current Technologies
and Services

New Technologies
and Services

LEED Gold
LCC 700 Gold
Built Green 
4 star

The
Natural Step

Other

“NET ZERO” “2030”

Standards
The Living
Building Challenge

LEED Certified
LCC 700 Bronze

Built Green 3 star

Built Green 
2 star

LEED Silver
LCC 700 Silver

LEED Platinum
LCC 700 Emerald
Built Green 
5 star

SHADES of GREENshades of gReen

The diagram below shows the incremental shift from typical code buildings to those approaching 
restorative	goals.	

Image	courtesy	of	SERA	Architects
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iii. pRoCess

The types of codes that were analyzed as part of this project included both land use and 
development codes in addition to a suite of building codes.  Separate processes were used to 
analyze these two different types of codes, as described below. 

seleCtion of Case studies 

In	order	to	assess	code	and	regulatory	barriers	to	sustainable,	affordable,	residential	development,	
Cascadia identified 10 residential projects from across the region as potential case studies. 
These ten projects, some of which were completed and occupied and others that were still under 
construction,	represented	the	best	examples	of	innovative	green	design	across	a	spectrum	of	
different	project	types-	from	a	small	duplex	project	on	an	urban	site	in	Seattle,	WA,	to	a	175-unit	
master	planned	development	in	Salem,	OR.		By	selecting	projects	that	had	already	gone	through	
permit review in the jurisdiction where they are located, the potential case studies were likely to 
represent project examples that the market would be likely to support.   

Vancouver and Clark County reviewed the potential case study list and selected the following six 
projects	to	include	in	the	code	study:
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project 
name architect

permitting 
jurisdiction Zoning

# of 
units description

Molnick	
Cottages

Living	
Shelter	
Design

King	County,	
WA

Single	Family	
Residential

11	single	
family	
houses	
using	
cottage	
density	
bonus

Existing	single	family	house	on	a	lot	zoned	for	6	residential	units.	The	developer	
used	King	County’s	Cottage	Housing	Density	Bonus	to	subdivide	into	11	lots.	The	
super	insulated	houses	feature	small	footprints,	passive	solar	design,	and	healthy	
indoor	environments.	This	project	type	provides	a	replicable	example	of	increased	
density	for	single	family	housing	in	both	suburban	and	urban	locations	targeted	to	
be affordable to first time home buyers. The project is currently in the final stages 
of permitting and is targeting Built Green* 4-star certification.

Cascade	
Built	
Duplex

OPA	Design Seattle,	WA Multifamily:	
Duplex

2	Attached	
Units

A	LEED	for	Homes**	Pilot	Project,	this	project	includes	2	units	on	a	small	urban	
site	formerly	occupied	by	one	single	family	home.	Green	features	include	use	of	
advanced stick framing and structural insulated roof panels, rainwater detention 
planters,	and	pervious	parking	surfaces.	The	project	completed	construction	in	
Spring	of	2008.

Patton	Park	
Apartments		

SERA	
Architects

Portland,	OR Mixed-Use 54	
Apartments

The	Patton	Park	project	is	an	affordable	and	transit	oriented	development	
consisting	of	54	apartments	priced	to	serve	families	earning	60%	or	less	of	the	
median	family	income	in	Portland.	The	project	includes	4,500	square	feet	of	
commercial space at street level, with four floors of apartments above. The variety 
of	unit	types	range	from	studios	to	family-sized	3-bedroom	apartments.		The	
project is currently under construction planned for completion in the winter of 
2008/9.			

Lopez	
Island	Zero	
Net	Energy	
Project		

Mithun San	Juan	
County,	WA

Rural	
Residential

10	Single	
Family	
Houses	and	
2	Rental	
Units

The Lopez Community Land Trust is finishing construction on this 10-unit mixed-
income,	rural,	zero-net	energy	project	located	on	a	7-acre	parcel	on	Lopez	Island.	
The homes will be affordable for low- and middle- income families.  The homes 
promote energy and water independence while preserving the rural character and 
ecological diversity of the site. Low Impact Development practices include rain 
gardens in parking areas, reduced impervious surfaces, and rainwater harvesting 
for clothes washing, toilet flushing, and irrigation. The small footprint homes range 
from 740 – 890 square feet. Zero-net energy strategies include installing a wind 
generator	and	solar	collectors	to	produce	on-site	energy	and	using	a	solar	hot	
water pre-heat system. 

Corvallis	
Co-Housing

SERA	
Architects

Corvallis,	OR Multifamily:	
Townhomes 
and	Stacked	
Flats

34	Units The	Corvallis	Cohousing	project	is	a	completed	34-	unit	housing	project	including	
a	3,200	sq.	ft.	commons	building,	8	private	garages	and	a	bike	barn.	Unit	types	
include two-story townhouses and two-level stacked flats that vary between 
850 - 1425 sq. ft.  The community was designed in connection with Willamette 
Neighborhood Housing Services to be affordable for persons with incomes 
80%	or	less	of	the	median	family	income.	The	project	offers	an	alternative	to	
the traditional subdivision with an emphasis on pedestrian circulation and 
cycling rather than the automobile. Green features include onsite stormwater 
management through swales and ponds, and separate piping for future graywater 
reuse.	The	community	established	a	goal	of	eventual	zero	net	energy	use,	
reinvesting savings from energy efficiency measures back into photovoltaic and 
solar	thermal	systems.		Buildings	are	designed	for	a	50%	reduction	in	energy	use	
relative	to	the	Oregon	Energy	code.

Pringle	
Creek	
Community

Opsis	
Architecture

Salem,	OR Master	
Planned	
Community

175	units	in	
Phase	1

Pringle Creek is a 32-acre sub-division development designed with principles 
of	conservation,	restoration,	community	connectivity,	and	green	building	in	
mind.	Phase	1	includes	175	market	rate	housing	lots	currently	for	sale	or	under	
construction.  When completed, the Pringle Creek Community will feature 
walkable neighborhoods, a meandering creek and wetlands, a community plaza 
of	preserved	and	re-purposed	historical	buildings,	community	gardens	and	open	
green	space.	Housing	types	include	detached	single	family,	small	cottage	housing,	
row houses, live work studio lofts, and attached multifamily units.  The project 
includes restoration of the creek and wetlands (nearly 15% of site) and restores 
the bordering riparian zone. Over 1/3 of site will be dedicated to community open 
space (parks, trail system, gardens) and natural green space (creek, wetlands, 
existing trees). A ““Zero-Impact” stormwater design eliminates impact to the 
watershed using street and path infiltration swales, rainwater harvesting and 
storage, and improved interflow movement to creek.  Some of the single-family 
homes	are	planned	for	net	zero	energy	consumption.		

*Built	Green	is	a	local	residential	green	building	program	developed	by	Home	Builders	Associations	and	community	stakeholders,	and	is	available	in	various	
areas throughout Washington State.  Built Green programs use a checklist that offers builders a prescriptive menu of green building strategies with point values 
attributed to them. Projects earn a Built Green rating of one to five Stars based on the number of points achieved. Programs vary by location. For more information 
see www.builtgreenwashington.org.

**LEED	for	Homes	is	a	national	residential	green	building	program	developed	by	the	US	Green	Building	Council.	LEED	for	Homes	also	uses	a	checklist	of	
prescriptive and performance strategies with point values attributed to them. Projects earn a LEED for Homes certification of Certified, Silver, Gold, or Platinum 
based on the number of points achieved. For more information see www.usgbc.org
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applying affoRdaBle design ConCepts

For	each	of	the	six	projects,	Cascadia	assessed	possible	design	strategies	the	project	teams	could	
have	incorporated	to	meet	the	requirements	of	the	Living	Building	Challenge.		Design	strategies	
and systems were selected that are reasonably low-tech and readily available, such as design 
strategies and systems such as composting toilets, greywater drip irrigation systems, rainwater 
collection and filtration systems, and membrane bioreactors for handling wastewater onsite. These 
systems were favored over higher tech, newer or more experimental systems available in the 
marketplace	due	to	the	accessibility	and	feasibility	for	affordable	housing	projects	to	utilize	them.	
Cascadia then met with each project team and drafted site design concepts to facilitate the analysis 
of code obstacles during the review process. Site designs and systems for each of the six case study 
projects	documenting	the	Living	Building	design	concepts	are	located	in	Appendix	C	&	D.

land use & development Code analysis

City and County staff were charged with providing a thorough review of the case study projects 
against their land use and development codes in place in 2008. Cross-disciplinary review teams 
at both the City and County worked together to identifying sections of codes that might present 
obstacles to the potential development of these projects in their jurisdictions. Codes reviewed 
included:

Code description
vancouver municipal Code 
section Clark County Code section

Zoning VMC			Title	20 CCC				Title	40

Land	Divisions VMC			20.320 CCC				40.540

Planned	Unit	Development VMC			20.260 CCC				40.520

Site	Plan VMC			20.270 CCC				40.520

Grading VMC			17.12 CCC				14.07

Erosion	Control VMC			14.24 CCC				40.380

Stormwater Management VMC			14.25 CCC				40.380

Parking	Standards VMC			20.945 CCC				40.340

Street	Standards VMC			Title	11 CCC				40.350



Report	#1,	Findings:	Code	Barriers	for	Sustainable,	Affordable,	Residential	Development			 11
18	November	2008

Building Code analysis

Simultaneously,	Cascadia	provided	a	detailed	analysis	of	the	building	codes	to	identify	similar	
obstacles	faced	by	projects	interested	in	pursuing	the	Living	Building	Challenge.	Prior	to	
commencing this analysis, Cascadia met with building officials from both the City and County to 
agree upon applicable codes for review. The following codes were selected:

Code description

International	Building	Code	–	2006	Edition Standards	and	Amendments	WAC	51-50

International	Mechanical	Code	–	2006	Edition Standards	and	Amendments	WAC	51-52

International	Fire	Code	–	2006	Edition Standards	and	Amendments	WAC	51-54

Uniform	Plumbing	Code	–	2006	Edition Standards	and	Amendments,	WAC	51-56,	51-57

Washington	State	Energy	Code	–	2006	Edition WAC	51-11

Washington	State	Ventilation	and	Indoor	Air	
Quality	Code	–	2006	Edition

WAC	51-13

The International Residential Code was not selected for review because it was anticipated that 
the same code-related obstacles would be found in the International Building Code, and that the 
International Building Code would likely contain additional barriers, specifically pertaining to 
townhome and stacked-flat construction.

In collaboration with Cascadia’s subconsultant, SERA Architects, a matrix of identified barriers was 
compiled	(see	Appendix	B).		
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iv. findings

land use and development Code BaRRieRs

Both the City and the County identified numerous land use and development code obstacles to the 
Living Building Challenge case study projects. A listing of the barriers identified, along with their 
corresponding	code	sections	and	potential	solutions,	is	found	in	Appendix	A.	For	the	purpose	of	this	
study, the following types of code barriers were identified by staff but were EXCLUDED from analysis:

Any code conflicts not associated with green building or the Living Building Challenge. For 
example, several case study project drawings did not show the appropriate number of fire 
hydrants required by city and county code. The number of hydrants required by code would 
have been included for an actual project and was therefore excluded from analysis.    

Zoning	issues	such	as	density	and	use	subject	to	interpretation	for	each	case	study	project.	City	
and County staff selected the most appropriate zoning classification within their jurisdictions 
from which to analyze and review each case study. Density and use variations between the 
selected city and county zoning requirements and the requirements of the jurisdiction where 
the project was actually permitted were not taken into consideration. 

Issues that could be resolved by simple re-design. For example, where a stormwater 
infiltration feature encroached upon required setback areas, if the issue could be resolved 
by simply modifying the design to comply with the code requirement without encountering 
obstacles then these types of hurdles were excluded from analysis. 

City and County regulations that posed more stringent requirements for wetland setbacks 
and protection of existing vegetation then the jurisdictions where the case study projects were 
permitted	and	approved.	

Because	of	the	similarities	in	systems	analyzed,	consistent	barriers	arose	across	each	of	the	six	
case study projects. The key barriers identified in the City and County’s land use and development 
codes are summarized below. 

summaRy of Key findings

minimum parking Requirements
Several of the case study projects featured a reduction in onsite parking from what was 
required by code. This strategy is most applicable to dense urban areas where access to 
alternative	transportation	modes	exists.	While	the	Living	Building	Challenge	does	not	establish	
criteria for minimizing parking on a project site, allowing reductions in required parking, 
in	particular	surface	parking,	can	help	free	up	areas	for	onsite	systems	common	to	LBC	
projects. Such systems include greywater drip irrigation and rainwater harvesting systems that 
assist with meeting the LBC net zero water goals. Additionally, minimizing parking reduces 
impervious surfaces and assists with managing stormwater through onsite infiltration. 

Connection to public Water
Connection to the public water system is currently required for all potable and nonpotable 
water needs where municipal service is available. LBC projects seeking to provide all their 
water needs through captured rainwater or another closed-loop onsite system would require 
a public water waiver from the City or County in addition to a Water Adequacy Verification 
Evaluation	(WAVE)	and	approval	from	Clark	County	Public	Health.		Any	variances	to	these	
regulations would also need to be coordinated with the departments or agencies providing 
water service (City of Vancouver and Clark Public Utilities).

•

•

•

•
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Connection to public sewer
Connection to the public sewer system is required within the urban growth area as a condition 
of building permit issuance.  LBC projects seeking to handle all wastewater onsite would 
need to obtain a public sewer waiver from the City or County, in addition to a septic permit 
from Clark County Public Health. Any variances to these regulations would also need to be 
coordinated with sanitary sewer service purveyors (City of Vancouver and Clark Regional 
Wastewater District). 

sewer service Charges 
Building customers are currently charged for public sewer service based on the building’s 
water usage. If an LBC project were not connected to the public sewer, under current 
regulations residents would still be charged for sewer service.  Any revisions to these 
regulations to allow credit for not connecting to the sewer system would need to be 
coordinated with the public sewer providers. 

setbacks for Cisterns
For small urban lots, above-ground rainwater harvesting cisterns must meet property line setback 
requirements. On constrained sites, these setbacks could pose a barrier to LBC projects with 
above-ground cisterns in meeting their net zero water goals. Reducing setbacks for cisterns, within 
a certain height limit, can increase the onsite area available for rainwater collection systems. 

stormwater Bmps
Both the City and County currently implement outdated stormwater codes.  Efforts are 
underway in both jurisdictions to adopt the Washington State Department of Ecology 2005 
Stormwater Manual which allows and provides credit for low impact development (LID) 
strategies	employed	on	the	building	site.	Opportunities	to	increase	requirements	or	incentives	
for	LID	practices	even	further	could	be	explored	by	both	the	City	and	County	to	optimize	
adoption	of	standards	that	match	current	research	and	technologies.	

driveway Width Requirements
Clark County requires 12’ width for residential driveways. On small lots, minimizing impervious 
surfaces allows for more area available for onsite systems and stormwater mitigation similar 
to the parking issue described above.  Opportunities to reduce typical width requirements 
coupled with incentives for using pervious pavements would help address this barrier. 

Common areas 
Many	residential	development	projects	require	onsite	common	areas,	such	as	pedestrian-
oriented	open	space	for	residents.		On	constrained	sites,	using	these	open	space	areas	for	
greywater subsurface systems or stormwater infiltration swales can assist LBC projects with 
meeting their net zero water and zero water discharge goals. 

fire access Road Width
Both the City and County codes require 20’ minimum width for fire access roads on the 
property. Assessing requirements of fire apparatuses may offer opportunities to reduce road 
widths, allowing additional area for onsite systems.  Establishing an approved list of permeable 
pavement options for fire access roads can provide incentives for managing stormwater onsite. 

alternative fuel storage 
While	the	Living	Building	Challenge	does	not	have	requirements	for	onsite	storage	of	
alternative	fuels,	this	study	considered	placing	biodiesel	and	hydrogen	storage	tanks	on	the	
project	site	for	resident’s	vehicle	use.	Currently,	no	requirements	for	onsite	storage	of	these	
fuels exist within the City and County codes. The development of standards or guidelines for 
alternative	fuel	storage	on	a	project	site	can	address	this	barrier.			
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treatment of group a Water systems
For one of the LBC case study projects a Group A water system was required based on the size 
of	the	project.	For	Group	A	systems,	the	authority	having	jurisdiction	is	the	Washington	State	
Department of Health (DOH) rather than Clark County Public Health. DOH does not allow point-
of-use treatment systems, and chlorination is mandatory for all surface water systems. The 
LBC requires treatment without the use of chemicals. 

Rural Cluster development
Cluster	developments	group	buildings	and	other	disturbed	areas	of	the	project	site	such	
as roads, driveways, and walkways so that a larger portion of the site can be left as 
undisturbed open space.  In Clark County, rural cluster developments are allowed only 
where environmental critical areas exist. Providing guidelines and incentives for this type of 
development in other areas, while preserving rural character, will help limit impact to wildlife 
and assist LBC projects with meeting their habitat exchange goals. 

solar and Wind standards
Currently	the	land	use	and	development	codes	do	not	address	onsite	energy	systems	such	as	
photovoltaics and wind turbines, two systems likely to be proposed for projects seeking net 
zero	energy	goals.	Common	issues	that	arise	include	height	restrictions	for	photovoltaic	panels	
mounted on roofs, and height and setback restrictions for onsite wind turbines. Additionally, 
the	code	does	not	currently	address	solar	access.	Pilot	projects	and	the	development	of	
guidance documents for project teams seeking to design solar and wind systems into their 
projects could help establish new standards.  

light pollution standards
The path to net zero energy requires that design teams address energy efficiency throughout 
all aspects of the project. Over-lighting or improper lighting of a project site can waste large  
quantities	of	energy	and	contribute	to	light	pollution.	Currently	the	land	use	and	development		
codes	do	not	address	light	pollution.	Developing	standards	for	site	lighting	that	establish	limits		
on	light	intensities,	require	automatic	controls	to	eliminate	lighting	during	daytime	hours,	and		
eliminating unnecessary lighting at night while still maintaining safety and security can help  
address light pollution while also increasing energy efficiency. 

	

Building Code BaRRieRs

A thorough review of the 2006 International Codes (Building, Mechanical, and Fire) as well as 
the	Uniform	Plumbing	Codes	and	the	Washington	State	Energy	and	Ventilation	Codes	resulted	in	
identification of fifty possible code obstacles Living Building projects may encounter. A matrix of 
these	barriers	is	presented	in	Appendix	B	and	is	organized	by	code,	type	of	barrier,	and	the	LBC	
prerequisite affected. The barriers are further categorized by the level of difficulty project teams 
may	face	in	addressing	and	seeking	approvals	in	order	to	meet	the	requirements	of	the	Living	
Building Challenge.  Absolute barriers (labeled as brick walls in the matrix) are those that prevent 
a designer from meeting the LBC unless the code language is changed or modified. There are very 
few absolute barriers, as most projects can apply for approval of any given system or material using 
the	alternative	means	and	methods	compliance	path.	Those	barriers	that	are	labeled	as	hurdles	in	
the matrix represent barriers that can be overcome with some level of effort by the project team but 
these would result in additional cost or impacts to a project schedule. While there are various ways 
for	project	teams	to	address	such	hurdles,	they	are,	nonetheless,	barriers	particularly	for	affordable	
housing projects where cost and schedule impacts can deter innovative green solutions. The matrix 
of	code	barriers	is	applicable	to	both	the	City	and	County	as	they	enforce	the	same	building	codes.	
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summaRy of Key findings

toxic materials
Many	conventional	building	materials	contain	toxins	and	other	harmful	substances	listed	in	
the	Living	Building	Challenge’s	Materials	Redlist.	Where	material	requirements	are	called	out	
in the building codes (such as the use of preservative and fire treated wood, vapor retardants, 
and	plumbing	materials	like	PVC),	it	can	be	more	costly	for	an	LBC	project	to	source	non-toxic	
alternatives	and	to	assume	the	burden	of	proof	that	these	alternative	materials	meet	the	intent	
of	the	code.		

Energy Efficiency
In order for LBC projects to reach zero net energy goals, efficiency measures are the most  
important step for the design team.  Several hurdles associated with maximizing a building’s  
energy efficiency were identified in both the International Building Code and the Washington  
State	Energy	Code	including:

restrictions on design temperatures for heating and cooling that do not allow for expanded 
thermal	comfort	ranges	;	

insulation	clearance	requirements	that	restrict	the	overall	amount	of	insulation	possible	
for wall or roof cavities;

passive crawl space ventilation requirements that conflict with conditioning these spaces; 
and

definition of advanced framing that requires double top plate construction.

Water supply & discharge
The LBC’s zero net water and sustainable water discharge prerequisites encounter several 
challenges	in	the	2006	Uniform	Plumbing	Code.	Similar	to	the	City	and	County	municipal	code	
barriers described above, supply of non-potable water to plumbing fixtures and disconnection 
of systems from the sewer or storm systems also present code barriers in the Uniform 
Plumbing Code. Additionally, the Uniform Plumbing Code requires the use of antiquated fixture 
performance data for regulations related to pipe sizing and greywater discharge. 

BaRRieRs to net ZeRo WateR 

Living Building Challenge projects seek to source 100% of occupants’ water use from captured 
precipitation or closed-loop water systems, while also managing 100% of storm water and building 
water discharge onsite. The most complex code barriers encountered by LBC projects are those 
that regulate the use of water supply and discharge. As noted above, these obstacles span varying 
codes,	from	development	codes	to	building	codes,	and	require	myriad	permit	approvals,	appeals	
and waivers from several different jurisdictions. The Water Diagrams below attempt to graphically 
portray the level of complexity for residential building projects within the City of Vancouver and 
Clark County to gain approval for net zero water design strategies.  By mapping out the approval 
process for net zero water, opportunities to identify and successfully address the barriers become 
simpler.  In Portland, Ore., where a similar water diagram has been developed, design teams and 
regulators have successfully eliminated two of the barriers encountered by LBC projects seeking 
zero net water use.   

•

•

•

•
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The pathway through the approvals and appeals process for net zero water will vary based on the 
project type and size. For all scenarios, it is assumed in the diagrams that a public water supply and 
sewer connection are available to the project. The path is similar for projects located in Vancouver 
and Clark County. First, a water rights permit is necessary from the State of Washington in order to 
legally harvest rainwater for use inside the building, and a code appeal is required on the local level 
for eliminating a connection to the public water supply and stormwater system. Approval from the 
local fire official is required for an onsite storage tank for fire suppression. Various treatment levels 
are required of the captured rainwater depending on its use and appeals may be necessary where 
chlorination is required. Small to medium size residential projects will then require a variance 
granted through Clark County Public Health for eliminating connection to the public sewer and 
treating wastewater onsite through systems such as composting toilets coupled with greywater drip 
irrigation or a membrane bioreactor. All of the case study projects would fall into this category with 
the exception of the 175-unit Pringle Creek development which would more likely to be permitted 
through	the	State	Department	of	Health	and	require	similar	variances.	Large	scale	projects	such	as	
high	rise	residential	and	large	commercial	buildings	require	permits	through	the	State	Department	
of Ecology for onsite wastewater treatment systems. For this size project, water reuse is most likely 
necessary to meet zero net water goals and the State provides guidelines for how and where water 
reuse	is	permitted.		

The following diagrams map out the pathway to net zero water for both the City of Vancouver and 
Clark	County.
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affoRdaBility BaRRieRs

Feedback from the Vancouver Housing Authority indicated that while many hurdles exist from a 
financing perspective for any affordable housing project, upfront funding for design and higher first 
costs for systems that have financial returns over the life of the project are not a major barrier. 
One area of concern is that projects with onsite building systems may require added operations 
and maintenance, requiring an additional financial burden for staffing, training and ongoing 
maintenance.	These	additional	costs	should	be	evaluated	by	potential	savings	realized	through	
efficient design and minimal or no utility bills. The affordable housing participants also indicated 
that	the	largest	barriers	are	encountered	in	the	approval	of	nonconventional	projects	and	noted	
that public-funded housing might be a good arena for pilot projects that showcase innovative 
sustainable	design.	

institutional BaRRieRs

Any	building	project	utilizing	unconventional	design	strategies	is	bound	to	encounter	some	level	of	
difficulty navigating through the regulatory system, and innovative green building projects are no 
different. While it is possible to design and construct a Living Building project without running into 
absolute	regulatory	barriers,	the	types	of	hurdles	that	exist	for	these	projects	can	sometimes	be	
attributed to the institutional framework of regulatory agencies themselves. 

alternative materials & methods

The administrative sections of the building codes allow for alternative materials and methods. The 
2006	International	Building	Code	states:

104.11		Alternative	materials,	design	and	methods	of	construction	and	equipment

“The provisions of this code are not intended to prevent the installation of any material or to 
prohibit any design or method of construction not specifically prescribed by this code, provided 
that any such alternative has been approved.  An alternative material, design or method of 
construction shall be approved where the building official finds that the proposed design is 
satisfactory and complies with the intent of the provisions of this code, and that the material, 
method or work offered is, for the purpose intended, at least the equivalent of that prescribed 
in this code in quality, strength, effectiveness, fire resistance, durability and safety.”

However, some green building strategies such as strawbale construction have been seeking 
approval under this code provision for years without formal guidance or recognition of past 
approvals.	For	many	building	departments,	approvals	for	an	alternative	material	or	method	are	
rarely	accessible	as	a	resource	for	future	projects.	The	burden	of	proof	therefore	lies	on	the	project	
team	and,	in	the	case	of	smaller,	affordable	housing	projects,	using	anything	but	conventional	
materials	and	methods	can	prove	costly	on	project	budgets.		Instead	of	placing	the	burden	of	proof	
entirely on project teams, the City and County building departments may benefit from efforts to 
provide	formal	guidance	and	assistance	to	green	building	projects	to	help	streamline	the	approvals	
process	for	alternative	materials	and	methods.	

linear approval process

In recent years, the growing awareness and increased use of the integrated design process has 
opened a way for design and construction teams to view their projects in terms of whole systems 
or	sets	of	interrelated	systems,	a	key	component	to	meeting	the	Living	Building	Challenge.		In	
contrast,	most	regulatory	agencies	are	set	up	to	permit	projects	through	a	linear	approvals	process	
which typically maintains disciplinary and jurisdictional silos.  
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This linear process of approvals poses significant challenges. A project that has successfully 
endured the integrated design process relies heavily on the relationships between many design 
elements to meet its sustainability goals including orientation, fenestration, overhangs, massing, 
thermal	envelope,	roof	design,	daylighting,	mechanical	systems	and	more.	If	any	of	those	
interdependent features is not approved, significant redesign of other systems or parts of the 
building may be required in addition to the feature that is rejected. This presents significant risks 
for design teams and project owners when pursuing deeply integrated designs.  Involving regulatory 
officials very early on and throughout the integrated design process is one way for to help overcome 
this	obstacle.	

lack of information, education, training

Limited	budget	and	staff	time	available	to	support	green	building	efforts	can	be	a	challenge	for	
jurisdictions. However, there is an ongoing need for more reference information, training and staff 
development regarding new or innovative technologies, changes in codes, and new understandings 
about conflicts between building codes and building science.   Collaboration between jurisdictions 
can	not	only	help	leverage	resources	for	education	and	information	sharing,	but	can	also	help	
eliminate code barriers consistently across jurisdictions. The efforts by the City and County to work 
collaboratively	to	address	barriers	to	the	Living	Building	Challenge	for	sustainable,	affordable	
residential	development	are	more	effective	than	on	an	individual	basis.	

limitations for Code Changes

Due to the relationship between the national, state, and local levels concerning how codes are 
developed and adopted, the City of Vancouver and Clark County will be limited by the types of codes 
they may be interested in addressing to seek solutions to the barriers identified in this report.  The 
International	Codes	are	established	on	a	national	level,	adopted	by	the	State	of	Washington,	and	
enforced, with amendments, by local jurisdictions. Any jurisdiction may amend the State Building 
Code	provided	the	amendments	do	not	reduce	the	minimum	performance	standards	of	the	codes.	
There are three areas where local amendments are limited or prohibited:

Residential	provisions	of	the	State	Energy	Code	cannot	be	amended.	

The	Ventilation	and	Indoor	Air	Quality	Code	cannot	be	amended.	

Amendments by local jurisdictions which affect the construction of single-family and multi-
family (four or less units not to exceed two stories in height) residential buildings must be 
reviewed and approved by the State Building Code Council. 

Only	one	local	jurisdiction	in	the	State	of	Washington,	the	City	of	Seattle,	has	adopted	more	
stringent	amendments	to	the	Washington	State	Energy	Code.		The	State	Building	Code	Council	
reviews and updates the codes on a 3-year cycle with the next revisions scheduled for 2009. 
Proposals	to	amend	these	codes	are	due	by	March	1,	2009.	This	may	present	opportunities	for	
the	City	and	County	to	provide	input	on	code	changes	that	address	code	barriers	to	sustainable,	
affordable, residential development for the 2009 updates.  Any efforts that would require changes to 
codes on the national level would be too difficult to tackle as part of this project.   

	

1.

2.

3.
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v. otheR effoRts undeRWay 

iCC 700-2008 national gReen Building standaRds

International	Code	Council’s	ICC	700	is	currently	under	development	as	a	national	standard	for	
residential	green	buildings	approved	by	the	American	National	Standards	Institute	(ANSI).	The	
standard	is	based	on	the	2005	Model	Green	Home	Building	Guidelines	developed	by	the	National	
Association	of	Home	Builders	(NAHB).	NAHB	is	leading	the	efforts	for	the	development	of	the	
standard which is scheduled to be released in 2009. The intent of the standard is to serve as a 
voluntary,	point	based	rating	tool	for	all	types	of	residential	projects.	Any	adopting	agency,	such	
as a local municipality, a nonprofit organization or other public or private entity, can choose to 
administer	the	rating	tool	and	enforce	the	requirements	of	the	standard.		While	the	ICC	700-2008	
National Green Building Standards will be written in enforceable language intended to coordinate 
with the requirements of the International Codes, ICC 700-2008 is not written as a green code 
and	is	not	intended	to	be	adopted	as	such.	Rather,	its	intent	is	to	provide	an	evaluation	tool,	much	
like	other	green	building	standards	currently	available	(e.g.	LEED	and	Built	Green).	If	the	City	of	
Vancouver	or	Clark	County	is	interested	in	assessing	the	applicability	of	this	standard	for	future	
adoption,	Cascadia	recommends	that	a	side-by-side	comparison	of	ICC	700-2008,	the	Built	Green	
programs	already	available	in	Washington	State,	and	the	LEED	rating	system	(both	for	Homes	and	
New Construction) be evaluated to select the most appropriate tool for adoption. Furthermore, 
based	on	the	efforts	of	this	study,	Cascadia	recommends	the	performance	levels	outlined	in	the	
Living Building Challenge as the most stringent and direct pathway to encouraging sustainability in 
the	built	environment.			

ashRae/usgBC/iesna 189.1 standaRd foR high peRfoRmanCe 
gReen Buildings

This	standard	is	also	currently	under	development	by	the	American	Society	of	Heating,	
Refrigeration	and	Air	Conditioning	Engineers	(ASHRAE);	the	U.S.	Green	Building	Council	(USGBC);	
and	the	Illuminating	Engineering	Society	of	North	America	(IESNA).	The	standard	applies	to	all	
buildings except low-rise residential buildings of three stories or less.  ASHRAE/USGBC/IESNA 
189.1 is intended to establish a new minimum code baseline, equivalent to the requirements for 
earning LEED certification, which can be adopted directly by governmental jurisdictions. The 
standard was expected to be released in 2008, however, the development committee has recently 
been halted and it is unclear at this time when the standard will be available.  
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vi. neXt steps

The identification of barriers to the Living Building Challenge within the land use, development, 
and	building	codes	in	Vancouver	and	Clark	County,	serves	as	a	solid	foundation	for	assessing	
solutions for overcoming these barriers. A key strategy for moving forward in this effort will be the 
involvement of a variety of stakeholders — across departments, between regulatory agencies and 
utility	providers,	amongst	council	members,	board	members,	and	planning	commissions,	and	from	
the	design	and	building	community	—	to	champion	efforts	for	removing	barriers	to	sustainability	in	
the	built	environment.	

Cascadia’s next steps as part of this project will be to:

Work collaboratively with the City and County to prioritize efforts to remove the barriers 
identified. Identify responsible agencies and staff. 

Research	possible	solutions	and	provide	suggestions	to	the	City	and	County	for	overcoming	
these	barriers,	including	examples	of	code	language	and	incentives	from	other	jurisdictions.	

Meet with stakeholders to describe barriers and options for addressing them.

Develop	a	resource	package	of	alternative	materials	and	methods	common	to	Living	Building	
Challenge	projects	including	a	discussion	of	the	issues,	potential	solutions,	supporting	
materials, documentation, and “track record” identifying where each alternate has been 
approved.	

Provide recommendations for establishing a regional program that would improve 
collaboration and consistency among building officials and facilitate permitting of alternate 
methods and materials with the goal that they become mainstream.   

These	important	strategies	for	addressing	code	barriers	to	sustainable,	affordable,	residential	
development	are	expected	to	commence	in	November	2008	and	are	scheduled	to	be	completed	
in March 2009. A public outreach component and a financial evaluation of code and policy 
recommendations will be developed in future phases of this project. 

	

•

•

•

•

•
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appendiX a:  land use and development Code BaRRieRs matRiX 
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appendiX B: Building Codes BaRRieRs matRiX
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appendiX C: lBC oveRlay site designs foR 
siX Case study pRojeCts 

lopeZ Community land tRust ZeRo net eneRgy pRojeCt

architect:		 Mithun
jurisdiction:		 Lopez	Island,	WA
Zoning:		 Rural	Residential
# of units: 	 10	Single	Family	Houses	and	2	Rentals

project description:

The Lopez Community Land Trust is finishing construction on a 10-unit affordable, rural, zero-net 
energy	project	on	a	7-acre	parcel	on	Lopez	Island.	Development	is	clustered	around	2	of	the	7	acres	
and pre-development conditions included forest and meadow with good southern solar exposure. 
The homes promote energy and water independence while preserving the rural character and 
ecological diversity of the site. The original low impact development design includes rain gardens 
in parking areas, reduced impervious surfaces, and rainwater harvesting for clothes washing, toilet 
flushing, and irrigation. The project utilized an existing well onsite. 

The	small	footprint	homes	range	from	740	–	890	square	feet.	The	homes	are	constructed	from	
structural timber framing with strawbale infill. Part of the zero-net energy strategies include high 
performance fiberglass windows, a 36kW photovoltaic array and wind generator to produce on-site 
renewable energy, and using a solar hot water pre-heat system. Each house will have energy and 
water use meters to monitor resource use.

living Building Challenge design Changes:

The following changes were made to the Lopez Community Land Trust project to allow it to comply 
with the Living Building Challenge (LBC) criteria specifically related to water. The LBC requires 
that 100% of all building water come from captured precipitation and 100% of stormwater and 
wastewater be managed on site. The following outlines the design response to these criteria by 
system:

1.  Potable Water- Prior to this re-design, this project was designed to meet 100% of is nonpotable 
water needs from rainwater. The existing design included a 33,000 gallon cistern and a pump 
house for this non-potable system. To meet its potable and fire needs the project also had a 
Group A public water system designed. The LBC redesign included the following changes:

a)  Eliminate the group A water system.

b)  Convert the non-potable rainwater water system into a potable system. This was 
accomplished by adding more filtration and disinfection to the system. Calculations were 
prepared and are included to show how the potable needs can be met with the existing 
cistern.

2.  Sewage- Prior to the redesign the sewage disposal for the project was handled off-site by 
pumping the sewage to the Fisherman’s Bay Sewer District lagoon on the parcel to the south. 
To manage all of the wastewater disposal needs on-site the following changes were made to 
the	system:
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a)  Each unit was outfitted with composting toilets. These toilets are NSF-41 approved and are 
on	the	WSDOH	approved	devices	list.

b)  The sewage force main leaving the site was redirected to an onsite greywater irrigation 
re-use area. The on-site greywater disposal field was sized per the WSDOH criteria for on-
site	drip	systems.

3.  Stormwater- Prior to the re-design the project complied with the 2005 WSDOE stormwater 
manual and the pond on-site was sized per the WWHM continuous flow model. Appropriate 
flow control credits were applied in the design to account for the use of raingardens and the 
100% annual re-use of the roofwater water in the cistern. While the site was currently in 
compliance with the latest peak flow and duration standard of the WSDOE the parking lot was 
converted to pervious concrete and an additional raingarden was added to ensure full on-site 
mitigation.
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CasCade Built dupleX
architect: 	 OPA	Design
jurisdiction: 	 Seattle,	WA
Zoning: 	 Multifamily
# of units: 	 2	Attached	Units

project description:

A	LEED	for	Homes	Pilot	Project,	this	project	includes	2	units	on	a	small	urban	2500-sf	site	formerly	
occupied by one single family home. The existing home was maintained and the duplex was built 
behind.	Green	features	in	the	original	design	include	use	of	advanced	stick	framing	and	structural	
insulated roof panels, rainwater detention planters, and pervious parking surfaces. The project 
completed	construction	in	Spring	of	2008.

living Building Challenge design Changes:

The following changes were made to the Cascade Built Duplex project to allow it to comply with the 
Living Building Challenge (LBC) criteria specifically related to water. The LBC requires that 100% 
of all building water come from captured precipitation and 100% of stormwater and wastewater be 
managed on site. The following outlines the design response to these criteria by system:

1.  Potable water- Prior to this re-design, this project was designed to utilize utility provided 
potable water from the City of Seattle. The LBC redesign included the following changes:

a)  Eliminate the connection to the City water system.

b)  Add a rainwater harvesting system for all potable water needs. This was accomplished by 
adding two cisterns and a rainwater re-use pump house. Calculations were prepared and 
are included to show how the potable needs can be met with the proposed cisterns.

2.  Sewage – Prior to the redesign the sewage disposal for the project was handled off-site by 
gravity side sewer to the City of Seattle. To manage all of the wastewater disposal needs on-
site the following changes were made to the system:

a)  Each unit was outfitted with composting toilets. These toilets are NSF-41 approved and are 
on	the	WSDOH	approved	devices	list.

b)  The sewage line from the site was redirected to an on-site greywater irrigation reuse area. 
The on-site greywater disposal field was sized per the WSDOH criteria for onsite drip 
systems. In order to fit the required drip-field, the on-site parking had to be eliminated 
and	converted	to	a	landscaped	area.

3.  Stormwater – Prior to the re-design the project included the use of pervious paving materials 
and a stormwater planter. Once the on-site parking was eliminated the remaining small piece 
of driveway remained as pervious pavement. To meet the 100% on-site mitigation criteria 
the previously designed stormwater planter was redesigned as a raingarden that was about 
twice as big. The remaining yard was maintained as landscaping with compost amended 
soil. While the specific definition of 100% on-site mitigation is currently being developed, the 
raingarden was sized based on 40% of the tributary area. This is based on a reduction (based 
on engineering judgment) from the 60% standard shown by a recent memo by Clear Creek 
Solutions	titled	“Modeling	Assumptions	and	Results	for	the	Western	Washington	Rain	Garden	
Handbook” to mitigate 99.4% of flows on till soils.
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patton paRK apaRtments
architect: 	 SERA	Architects
jurisdiction: 	 Portland,	OR
Zoning: 	 Mixed-Use
# of units: 	 54	Apartments

project description:

The	Patton	Park	project	is	an	affordable	and	transit	oriented	development	consisting	of	54	
apartments	priced	to	serve	families	earning	60	percent	or	less	of	the	median	family	income	in	
Portland. The project includes 4,500 square feet of commercial space at street level, with four 
floors of apartments above. The variety of unit types range from studios to family-sized 3- bedroom 
apartments. The project is currently under construction planned for completion in the winter of 
2008/9.

soils:

A geotechnical engineering report was unavailable and so the soils on-site were investigated 
through	the	NRCS	online	soil	survey	for	the	area.	Some	of	this	information	is	included	here	for	
reference.	The	soil	survey	reports	the	soils	as	“Urban	Land	Latourell	complex”.	This	soil	type	is	
further	described	as	being	loam/silt	loam	to	about	56”	in	depth	and	then	becoming	a	Very	gravelly	
sandy	loam.	Due	to	the	urban	location	of	the	project	the	NRCS	soils	information	is	limited.	The	
existing	design	includes	a	pervious	asphalt	paving	area	and	therefore	it	is	reasonable	to	assume	
that the near surface infiltration rate would be 2-4 inches per hour.

stormwater:

Current Design: A stormwater engineering report was unavailable and so the design intent of the 
current design was derived from the narrative on the construction plans provided. The parking lot 
directly infiltrates through the use of pervious asphalt pavement material. The roof water infiltrates 
into the same rock trench that is integral with the open graded base course that underlies the 
pervious	parking	lot.

Proposed Design: The proposed stormwater design does not change from the current design very 
much. Once change is the conversion of all sidewalks to pervious cement concrete pavement and 
to add the collection of some roof water to be used as make-up water for the MBR/RO closed loop 
water re-use system.

potable Water:

Current Design: The potable water for the site is supplied by the city of Portland water system.

Proposed Design: Due to the density of this project, there is not sufficient collection area to meet 
the potable water demands of the residents with only collected rainwater. Therefore a complete 
“toilet	to	tap”	system	is	proposed.	This	system	is	proposed	to	consist	of	a	Membrane	bio	reactor	
(MBR) wastewater treatment system followed by a reverse osmosis (RO) water treatment system 
with Ultraviolet (UV) disinfection. The MBR plant and the RO plant both will require make-up water 
to allow for the losses during the treatment process. This make-up water is proposed to be provided 
by collected rainwater. The flows ejected from MBR and RO plants will require a connection to the 
city sewer because on-site processing of these effluents is not considered practical on an urban 
site. A special waiver would be required from the LBC as this element does not strictly comply with 
the Living Building standard. The sewer connection would be made with heat welded HDPE pipe so 
as	to	avoid	the	use	of	PVC.
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“Waste” Water:

Current Design: The sewage handling for the site is supplied by the city of Portland sewer system.

Proposed Design: See the water section for an explanation of the closed loop “waste”water and 
water system. The design flow of the MBR system is 55 gpd/person. With 54 apartments and 2.5 
people per apartment the design flow f other system would be ~ 7,500 gpd. Assuming a 10% make-
up water this would require 750 gallons per day. In order to provide that make-up water, the water 
from	the	11,600sf	roof	is	collected	and	stored	in	a	75,000	gallon	cistern	under	the	parking	lot	area.	
This 10,000cf tank would be cast in place and be about 40’x45’x6’ deep.
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CoRvallis Co-housing
architect: 	 Sera	Architects
jurisdiction:		 Corvallis,	OR
Zoning: 	 Multifamily
# of units:		 34	Units

project description:

The	Corvallis	Cohousing	project	is	a	completed	34-	unit	housing	project	including	a	3,200	square	
foot commons building, 8 private garages and a bike barn. Unit types include two-story townhouses 
and two level stacked flats. The community is fully accessible and was designed in connection with 
Willamette Neighborhood Housing Services to be affordable for persons with 80% medium family 
income. 30% of the units were set aside to be sold to families with income restrictions. The project 
offers	an	alternative	to	the	traditional	subdivision	and	strives	to	be	as	environmentally	sustainable	
as possible, while still providing affordable housing. Emphasis is placed on pedestrian circulation 
and cycling; not the automobile. Green features include onsite stormwater management through 
swales and ponds, and separate piping for future graywater reuse. The community established a 
goal of eventual zero net energy use, reinvesting savings from energy efficiency measures back 
into PV and solar thermal systems. Starting with 3 solar thermal panels on the common house and 
by	designing	the	buildings	to	have	a	50%	reduction	in	energy	use	relative	to	Oregon	Energy	code,	
the	proposed	reinvestment	strategy	has	been	calculated	to	result	in	net	zero	energy	in	thirty	seven	
years.

soils:

A geotechnical engineering report was unavailable and so the soils on-site were investigated 
through	the	NRCS	online	soil	survey	for	the	area.	Some	of	this	information	is	included	here	for	
reference. The soil survey reports the soils as silt loams with hydrological soil group determinations 
of B and D as shown in the attached soil survey information. The existing design indicates the use of 
an “infiltration wetlands”/”retention pond” with a design infiltration rate of 0.017 inches per minute 
(~ 1 inch per hour)approximately in the center of the site where the soils are indicated to be in the 
“B”	hydrologic	group.	For	the	purposes	of	this	Living	Building	Challenge	redesign,	it	is	going	to	be	
assumed that all areas indicated as hydrological group “B” will assume to infiltrate at ~1 inch per 
hour and that the entire site is underlain by a restrictive till cap over granular outwash soils. The 
cap is assumed to be encountered at +/- 4’ depth and is approximately 15’ thick. This assumption is 
made to demonstrate a till cap puncture stormwater approach.

stormwater:

Current Design: A stormwater engineering report was unavailable and so the design intent of 
the current design was derived from an inspection of the construction plans provided. The site 
is broken down into 3 basins with the north half of the site draining into two bioswales (one for 
the NE basin and one for the NW basin). These bioswales are used for stormwater treatment and 
then the flows are discharged offsite. The flows from the south basin of the site are directed into 
a bioinfiltration swale/wetland system. This south system is designed to bioinfiltrate the flows 
directed to it without a formal overflow offsite. Any overflows from this system would weep into the 
existing oak savannah / wetlands on site that are being preserved.
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Proposed Design: The proposed stormwater design is modified in the following ways from the 
existing	design:

1.  Eliminate all on-site parking and replace with a) a new transit stop, b) 9 dedicated biodiesel Zip 
car	parking	spaces	for	the	residents,	c)	6	visitor	parking	spaces.	.	The	elimination	of	45	of	the	
60 parking means that this community is fully dedicated to being not owning a car and utilizing 
the	shared	zip	car	and	transit	systems	only.

2.  Adding increased raingarden bioinfiltration systems for site water management that allows 
for increased on-site retention. The increased contact time for the stormwater with the native 
group B soils will allow full infiltration and prevent any off-site flows for compliance with the 
Living	Building	standard.

3.		 Adding	compost	amended	soils.	The	addition	of	the	compost	amended	soils	in	the	landscaped	
areas will increase on-site retention and allow the elimination of any on-site permanent 
irrigation.

4.		 Use	of	only	permeable	paving	materials.	The	paving	required	for	the	zip	car	parking,	transit	
stop, and the on-site paths/trails will be with pervious cement concrete pavement.

5.  Use of Cisterns at every house. Each home will be outfitted with individual rainwater collection 
systems.

6.  Use of till cap puncture system. In order to ensure management of all stormwater onsite, a till 
cap puncture infiltration approach is proposed for the NE and NW basins. The overflow from 
the raingarden in these areas will be directed to an infiltration structure that extends below the 
till cap and into the outwash soils that are assumed to be present at depth.

potable Water:

Current Design: The potable water for the site is presumed to be supplied by the city of Corvallis 
water system.

Proposed Design: The potable water demands for each home is to be provided by small 
selfcontained rainwater re-use systems located at each home. Each home is assumed to have 6,000 
gallons of storage in 2 @ 3,000 HDPE cisterns, a ½ hp shallow well jet pump, pressure tanks, 20 
micron filtration followed by 1 micron filtration and UV disinfection. The system for the community 
house will be larger.

“Waste”Water:

Current Design: The sewage handling for the site is supplied by the city of Corvallis sewer system.

Proposed Design: Each home is proposed to be provided with a State approved composting toilet 
and all greywater flows are directed to a community scale subsurface drip system. The biosolids 
from the composting toilets is proposed to be composted on-site and used in site landscaping away 
from	any	vegetable	gardens.	The	composting	toilet	selected	for	all	units	is	the	Phoenix	system	
which is PVC free. The greywater system is sized assuming soil type 5 and with at least 12” vertical 
separation.
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molniCK (West hill) Cottages
architect:		 Living	Shelter	Design
jurisdiction:		 King	County,	WA
Zoning: 	 Single	Family	Residential
# of units: 	 11	single	family	houses	using	density	bonus	in	cottage	code

project description:

Existing	single	family	house	on	a	lot	zoned	for	6	residential	units.	The	Developer	used	King	County’s	
Cottage	Housing	Density	Bonus	to	subdivide	into	11	lots.	The	super	insulated	houses	feature	small	
footprints,	passive	solar	design,	and	healthy	indoor	environments.	This	project	type	provides	a	
replicable	example	of	increased	density	for	single	family	housing	in	both	suburban	and	urban	
locations targeted to be affordable to first time home buyers. The project is currently in the final 
stages of permitting and is targeting Built Green 4-star certification.

soils:

A geotechnical engineering report was unavailable and so the soils on-site were assumed to be 
similar	to	those	found	at	the	Cascade	Built	site.	The	soils	found	at	the	site	are	“Vashon	Till”.

stormwater:

Current	Design:	The	current	design	for	the	project	included	the	use	of	pervious	paving	materials	
and	a	detention	vault.

Proposed Design: The proposed design will add enough bioretention that when used downstream 
of the individual home cistern rainwater systems will meet the 100% on-site mitigation standard 
as	described	in	the	Living	Building	Challenge.	This	is	based	on	a	reduction	(based	on	engineering	
judgment) from the 60% standard shown by a recent memo by Clear Creek Solutions titled 
“Modeling	Assumptions	and	Results	for	the	Western	Washington	Rain	Garden	Handbook”	to	
mitigate 99.4% of flows on till soils.

potable Water:

Current Design: The potable water for the site is presumed to be supplied by the city of Seattle 
water system.

Proposed Design: The potable water demands for each home is to be provided by small 
selfcontained rainwater re-use systems located at each home. Each home is assumed to have 6,000 
gallons of storage in 2 @ 3,000 HDPE cisterns, a ½ hp shallow well jet pump, pressure tanks, 20 
micron filtration followed by 1 micron filtration and UV disinfection. The system on the community 
house will be larger.

“Waste” Water:

Current Design: The sewage handling for the site is supplied by the city of Seattle sewer system.

Proposed Design: Each home is proposed to be provided with a State approved composting toilet and 
all greywater flows are directed to a community scale subsurface drip system. The biosolids from the 
composting toilets is proposed to be composted on-site and used in site landscaping away from any 
vegetable gardens. The composting toilet selected for all units is the Phoenix system which is PVC free.

The greywater system is sized assuming soil type 5 and with at least 12” vertical separation. The 
system was sized based on assumed design criteria. The amount of parking was reduced to provide 
sufficient space for the system.
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pRingle CReeK Community
architect: 	 Opsis	Architecture
jurisdiction: 	 Salem,	OR
Zoning: 	 Master	Planned	Community
# of units: 	 175	units	in	Phase	1

project description:

Pringle Creek is a 32-acre development designed with the principals of sustainability in mind.

Phase	1	includes	175	market	rate	housing	units	currently	in	construction.	When	completed,	the	
Pringle Creek Community will feature walkable neighborhoods, a meandering creek and wetlands, 
a	community	plaza	of	preserved	and	re-purposed	historical	buildings,	community	gardens	and	open	
green space. Housing types include detached single family, small cottage housing, row houses, 
live work studio lofts, and attached multifamily units. The project includes restoration of the creek 
and wetlands (nearly 15% of site) and creation of a bordering riparian zone. Over 1/3 of site will 
be	dedicated	to	community	open	space	(parks,	trail	system,	gardens)	and	natural	green	space	
(creek, wetlands, existing trees). A ““Zero-Impact” stormwater design eliminates impact to the 
watershed using street and path infiltration verges, rainwater gathering and storage, and improved 
interflow movement to creek. Some of the single-family homes are planned for “net-zero” energy 
consumption.

soils:

A geotechnical engineering report was provided for review. This document is dated June 1, 2005 
and was prepared by GRI Geotechnical and Environmental Consultants. The scope of this report 
is for the northern 32 acres of the Fairview Trai8ning center, this is the site for the Pringle Creek 
Community. The report specifically addressed stormwater infiltration in addition to the earthwork, 
foundation, roadway, and floor support design data.

The test pit logs included in the report indicate that primarily the near surface soils are a Silt with 
some	sand	and	trace	clay	in	some	of	the	logs.

stormwater:

The stormwater management design for this project is detailed in the Storm Drainage Plan and 
Design Calculations report prepared by W & H Pacific, dated March 27, 2006. This report discusses 
the infiltration rates of the existing soils as being greater than the design flows to those basins. The 
report concludes that no detention is required based on the use of these infiltration values.

Current Design: The stormwater engineering report indicates that the project is able to match 
the existing levels of run-off with a total infiltration approach. This is discussed in the drainage 
report and is sown on the plans. The current design utilizes a system of pervious asphalt streets, 
bioretention	areas,	and	open	graded	pervious	gravel	alleys	and	parking	areas.

Proposed Design: The proposed stormwater design keeps all of the existing measures in place 
with the addition of district rainwater collection. The assumption is made that with 100% pervious 
paving and bioretention woven through the development that the infiltrative capacity of the soil is 
maximized	and	the	Living	Building	criteria	is	met.

Further, the district rainwater systems will deliver much of the rainfall from the roofs to a 
collection, storage, filtration, and potable water distribution system. To make up for the loss of 
flows to Pringle Creek, a base flow of MBR treated wastewater effluent will be released as needed 
via a constructed wetlands.
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potable Water:

Current Design: The potable water for the site is supplied by the city of Salem water system.

Proposed Design: The potable water needs of this project will be met by a series of neighborhood 
rainwater collection systems. These systems will collect the roof water from the surrounding 
buildings	and	store	it,	treat	it,	and	distribute	it	back	to	the	buildings	for	potable	uses.	The	City	of	
Salem	receives	almost	40”	of	rain	per	year	on	average	and	based	on	previous	experience	at	this	
level of density sufficient quantities of rainwater are available to meet the potable demands of the 
residents. Additionally, all utility piping on this project will be made with heat welded HDPE pipe so 
as	to	avoid	the	use	of	any	PVC.

The series of Neighborhood storage systems would be connected into a larger network to balance 
the	supply	and	demand	of	the	various	neighborhood	systems.	

An on-site micro-utility will provide all billing and maintenance for the system and no connection to 
the City water supply will be needed. Due to the size of the interconnected network of neighborhood 
cisterns, adequate fire flow can be achieved.

“Waste” Water:

Current Design: The sewage handling for the site is supplied by the City of Salem sewer system.

Proposed Design: The proposed wastewater system for the site includes the use of traditional flush 
toilets led to a set of gravity sewers as shown in the current plan which lead to an onsite MBR plant. 
This MBR plant treats the wastewater to a level sufficient for stream augmentation via constructed 
wetlands and for re-use for non-potable needs such as toilet flushing and irrigation.

A purple pipe network of treated water will be piped through the development pumping treated 
water back to each lot.

Since the scope of the network of rainwater systems has the potential to affect the base flows 
in Pringle Creek, the MBR plant will release flows as needed to the creek via a constructed 
wetlands. These constructed wetlands will serve as a final polishing step ensuring the water quality 
necessary for stream augmentation. The common areas of the development will also be built with 
Geoflow subsurface drip irrigation systems to be able to release water from the system and not add 
to a high flow condition in the creek.

The on-site micro-utility will manage the system to balance the needs of the creek and the levels of 
water in the system to the highest and best use of water resources available.
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appendiX d:  Compendium of speCifiCations 
on lBC oveRlay designs 

1a: sun-maR Composting toilet pRoduCt speCifiCation



Report	#1,	Findings:	Code	Barriers	for	Sustainable,	Affordable,	Residential	Development			 65
18	November	2008

1B: phoeniX Composting toilet pRoduCt speCifiCation
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1B: phoeniX Composting toilet pRoduCt speCifiCation (continued)
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1B: phoeniX Composting toilet pRoduCt speCifiCation (continued)
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1B: phoeniX Composting toilet pRoduCt speCifiCation (continued)
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2a: geofloW suBsuRfaCe dRip system manufaCtuReRs liteRatuRe
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2a: geofloW suBsuRfaCe dRip system manufaCtuReRs liteRatuRe (continued)
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2a: geofloW suBsuRfaCe dRip system manufaCtuReRs liteRatuRe (continued)
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2a: geofloW suBsuRfaCe dRip system manufaCtuReRs liteRatuRe (continued)
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3a1: pRemieR tanKs RainWateR haRvesting CisteRn pRoduCt speCifiCation
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3a2: sCafCo WateR stoRage pRoduCt speCifiCation
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3a2: sCafCo WateR stoRage pRoduCt speCifiCation (continued)
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3a2: sCafCo WateR stoRage pRoduCt speCifiCation (continued)
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3B1: goulds pump pRoduCt speCifiCation
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3B1: goulds pump pRoduCt speCifiCation (continued)
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3B1: goulds pump pRoduCt speCifiCation (continued)
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3B1: goulds pump pRoduCt speCifiCation (continued)
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3C1: photogRaph of RainWateR CaRtRidge filteRs
3f1: photogRaph of uv disinfeCtion
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3C2: hayWaRd RainWateR sand filteR pRoduCt speCifiCation
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3C2: hayWaRd RainWateR sand filteR pRoduCt speCifiCation 
(continued)
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3g: sChematiC of typiCal single home sCale RainWateR 
haRvesting system



Report	#1,	Findings:	Code	Barriers	for	Sustainable,	Affordable,	Residential	Development			 85
18	November	2008

4a: memBRane BioReaCtoR system
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4a: memBRane BioReaCtoR system (continued)
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4a: memBRane BioReaCtoR system (continued)
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4B: ReveRse osmosis system
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4B: ReveRse osmosis system (continued)
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4B: ReveRse osmosis system (continued)
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4B: ReveRse osmosis system (continued)
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4B: ReveRse osmosis system (continued)


