


2

Acknowledgements
This report is part of the University of Oregon’s Sustainable City Year focusing 
on the City of Salem, Oregon. The Green Cities team would like to extend 
appreciation to those involved in the SCY project. Thank you to the City of 
Salem and Salem City Manager Linda Norris, for the willingness to work with 
SCI towards a sustainable urban future. Thank you to the Salem Housing 
Authority staff, with a special thank you to Andy Wilch and Nicole Utz, for your 
time, care, and dedication to these projects, and for the student support you 
provided. 

Thank you to the Department of Planning, Public Policy and Management, and 
the Environmental Studies Program, both of which are dedicated to sustainable 
development and fostering in students a sense of stewardship and care for the 
future of our cities, communities, and green spaces.

A special thank you to Professor Robert Young and the assistance of Graduate 
Teaching Fellow Sharon Wade Ellis, and their efforts in leading the Green Cities 
course. Professor Young not only provided Green Cities students the necessary 
knowledge, tools, and support for this project, he also instilled in us a sense of 
empowerment through his enthusiasm, passion, and vision, to make a positive 
contribution towards a sustainable, healthy, and enriched urban future. 





4

Course Participants
Dr. Robert Young, Assistant Professor, Planning, Public Policy and Management

Sharon Wade Ellis, Graduate Teaching Fellow

Orchard Village Group

Shannon Arms, Architecture Undergraduate 

Jamie Corsaro, Architecture Graduate  

Suni Dillard, Architecture Undergraduate    

Michael Duncan, Planning, Public Policy and Management 
Undergraduate 

Greg Eggers, Environmental Studies Undergraduate  

Jackson Hite, Planning, Public Policy and Management and Environmental 
Studies Undergraduate   

Sara Hoversten, Business Graduate 

Brian Rajotte, Business Administration Graduate   

Joan Russick, Architecture Graduate  

Blake Scott, Architecture Graduate   

Emma Silverman, Interior Architecture and Planning, Public Policy and 
Management Undergraduate  

Glen Creek Group

Josh Havener, Community and Regional Planning Graduate

Lauren Houston, Environmental Studies Undergraduate 

Gwynne Mhuireach, Architecture Graduate 

Molly Simas, Environmental Studies Undergraduate 

Maddy Stokes, Environmental Studies Undergraduate 

SCI Directors and Staff 
Robert Liberty, Executive Director

Nico Larco, SCI Associate Director, and Assistant Professor of Architecture

Marc Schlossberg, SCI Associate Director, and Associate Professor of Planning, 
Public Policy, and Management

Chris Jones, SCI Program Manager

Amy Hause, SCI Program Manager





6

Executive Summary
As one of the Sustainable City Year (SCY) projects this year, Green Cities 
students were asked to research, plan, and design environmentally friendly 
re-use and redevelopment options for the Salem Housing Authority (SHA). 
The Green Cities proposal approached development in Salem by organizing 
research into two teams, one focusing on the Glen Creek housing development 
site and one on the vacant Orchard Village housing site.

Students working on the Glen Creek site examined agricultural land use 
options, energy savings, improved connectedness with surrounding areas, and 
options for increased density. Students working on the Orchard Village site 
proposal incorporated sustainable development elements into their proposal 
to optimize site, energy, water, and environmental use for future growth. 
Additionally, each site was analyzed for potential development in relation to 
transportation, sustenance, and waste needs.

Research was conducted using site visits, in-class discussions, meetings with 
SHA representatives, and primary and secondary research. 

Green Cities students suggested proposals, strategies, and technologies to 
create sustainable communities on both SHA sites, and to provide a cutting-
edge template for future Salem development plans. 

The following report focuses on general recommendations for the 
above-mentioned Salem sites. We suggest the City of Salem use these 
recommendations to inform construction and renovation at both Orchard Village 
and Glen Creek. However, if the recommendations are to be implemented 
into future plans, additional, site-specific studies will need to be undertaken to 
ensure that they are viable, efficient, and cost-effective solutions. Findings from 
this report will be passed on to and further developed in a two-term architecture 
studio taught by Professor Peter Keyes. 
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The SHA vision is one of sustainability. Rich in opportunities and welcoming 
innovation, SHA’s housing could lead the way as Salem invests in that vision. 
The suggestions presented in this document will help promote Orchard Village 
and Glen Creek as progressive affordable housing solutions. Glen Creek and 
Orchard Village have been analyzed for their potential to increase the level of 
sustainability and responsibility to the entire Salem community. 

The following sections will outline recommendations for optimizing energy 
performance, improving transportation options, implementing strategies for 
smart water use, promoting health and food security, recycling, landscaping, 
and promoting a deeper sense of community. 

Organization
In order to direct the idea and information flow into a pragmatic and 
applicable structure, each area of focus is broken down in to three types of 
recommendations based on feasibility:

Pivotal: These plans suggest modest improvements over the current standard 
of living in Salem. These recommendations assume materials and processes 
meet necessary current social and environmental standards. Pivotal strategies 
are the most basic and necessary suggestions offered toward a Green Cities 
vision. 

Progressive: These plans suggest an improvement and elaboration of current 
precedents in sustainable development practices and social community 
development. These suggestions are forward-thinking, yet often are affordable 
with little up-front cost.

Pioneering: These plans suggest the most forward-thinking of sustainable 
development proposals. They explore the most idealistic and ambitious 
environmental and social design features. Although these suggestions typically 
lead to higher up-front costs, the long-term savings are often significant. 
Additionally, implementing pioneering strategies often provides opportunities for 
media exposure that will ultimately benefit the SHA and its residents. 

The suggestions in this report exist in the “big ideas” realm. Although 
the research team champions the elements found in the Pioneering 
recommendations, we understand the financial, social, and administrative 
constraints that may arise. We suggest future groups extract and further 
investigate the components most suitable for achieving the desired success 
defined by Glen Creek, Orchard Village, and the City of Salem.
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Cost

The fares for the Cherriots system can be burdensome for those who have a low 
or fixed income. Currently, Cherriots charges adults $1.50 for each segment of 
a bus trip, $3.35 for a day pass, $40 for a monthly pass, and $480 for an annual 
pass. Youth and “special” rates are less expensive.

Glen Creek and the Salem-Keizer School District Busing

The Salem-Keizer School District will not provide bus service to the Glen Creek 
development. The nearest schools to the development are West Salem High 
School (1.0 miles away), Walker Middle School (1.3 miles away), and Chapman 
Hill Elementary (1.25 miles away). (Data based on road network distances from 
the development’s driveway to the school driveway.)

The Salem-Keizer School District’s current policy states that any high school or 
middle school student who lives within a 1.5-mile radius of the school must walk, 
and 1-mile radius for elementary school students. The School District does not 
define their measurement methodology; however, Chapman Hill Elementary 
School falls outside of the 1-mile radius. This means that children as young as 
five years old must walk over a mile to school if their parents cannot drive them. 
Many times, students do not make it to school on time, as the SHA has labeled 
truancy as a major concern in the Glen Creek development. 

Walking and Cycling 

Walking and cycling are two viable alternatives for some residents, even though 
there are some drawbacks to these methods of transportation. Due to the 
topography of the Glen Creek development and the surrounding area, there 
are many winding and hilly roads that must be traversed in order to reach any 
destination. These conditions are not always safe for the residents, as the 
sidewalks and bike lanes are poorly maintained. Additionally, Orchard Heights 
Road is a major arterial thoroughfare, with higher speed limits than a residential 
street. Orchard Village faces similar constraints, with large thoroughfares, 
Broadway Avenue and River Road, as the only adjacent roads for residents to 
walk or cycle along. Compounding all of this is the long travel distances and 
times to reach even the most basic services, such as grocery stores, medical 
facilities, schools, retail locations, and employment centers.

Access to Basic Services

Residents of both housing developments are limited in their options for basic 
services if they do not own an automobile. Furthermore, shopping via active 
transportation can be difficult when considering the challenge of carrying home 
purchased goods and traversing multiple lanes of vehicular traffic. 

The nearest grocery store to Glen Creek, Roth’s, is located roughly 0.8 miles 
away from the development. The nearest grocery store to the Orchard Village 
site, Fred Meyer, is located roughly 0.4 miles away. While these are within 





20

If this is not a viable solution, then we suggest installing signage and lighting at 
crosswalks to increase the visibility of pedestrians trying to cross between the 
development and the park. Additionally, we recommend footbridges be erected 
over Glen Creek between the development and Chapman Hill Park to allow for 
better access.

Cycling 
The Glen Creek area needs improved infrastructure for cyclists, including 
signage and segregated cycling lanes. The cities of Salem and Keizer have 
published bicycle route maps on their website. Despite having dedicated cycling 
lanes on some streets such as Orchard Heights Road near the Glen Creek 
development, the City of Salem has adopted a new type of marking for many of 
its roads where additional rights-of-way or lanes are not possible. 

In an effort to increase the accessibility of the development for bicyclists, the 
SHA could work with the Oregon Department of Transportation and Salem 
Public Works to increase the number of dedicated bike lanes in the West Salem 
area by repainting existing bike lanes, and improving the bike lane signage. 

Glen Creek Parking Lot Redesign 
Since many of the current parking spaces are unused, parking could be 
consolidated in an effort to maximize green space and remove unneeded 
impervious surfaces from the site. Additionally, this would allow for a redesign of 
the entrance to the development. 

The recommended redesign would move the driveway from the west side of the 
development to the east side, providing two main benefits to residents. First, 
it would add 0.1 miles of road distance to the measurements for school bus 
routes, potentially enough distance to convince the Salem-Keizer School District 
to bus students to their respective schools. Second, the recommended redesign 
would improve the visibility of residents who are crossing the street, and also 
those who are turning into and out of the development in vehicles. 

We recommend negotiations with the Salem-Keizer School District prior to 
any renovations. Additionally, we suggest SHA conduct a cost-benefit analysis 
before any costly redevelopment takes place.

Salem-Keizer School District
We recommend SHA open a dialogue with the Salem-Keizer school district. 
This dialogue should clearly establish the measurement technique employed 
by the School District when determining the distance from a development to 
the schools for busing purposes. Should the School District hold their position 
that the student residents of Glen Creek must continue to walk to school, we 
suggest SHA investigate the feasibility of creating a community shuttle that 
students could use in order to travel back and forth to school.
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for visitors or short trips, also covered, but unenclosed. For reference, one car 
parking space can be repurposed to accommodate 6 racks, or 12 bicycles. 
Racks will follow additional guidelines as per ODOT standards.

Cycling/Pedestrian Network Map Placard
We recommend a placard depicting close and easy bike and pedestrian 
pathways near bike racks and main pathways to inform residents and visitors of 
safe and efficient travel routes, including estimated travel time.

Transportation Options Move-In Info Pack
In order to foster community awareness and support for alternative 
transportation, we recommend providing a “Transportation Info Pack” to 
residents upon moving into the developments. This could potentially be 
extended to all SHA housing. Among many ideas, we suggest including: cycling/
pedestrian city maps, public transit schedules, bike bells and lights, reflective 
pant-cuff bands for walkers/joggers/cyclists, and a bus pass. Additionally, we 
suggest permanently securing a bike/pedestrian map to the inside of the pantry 
door of each housing unit. 

Bike Facilities
To assist residents in bike maintenance and ensure bike riding health and 
safety, we recommend bike facilities composed of a water-bottle-friendly 
drinking fountain, an air station for tires, and a permanent bike stand for repair 
work (e.g. tire changes, brake adjustment, cleaning). We suggest making tools 
available for checkout at the main office. 

Bicycle Maintenance and Safety Classes 
Partnering with local advocacy groups, Glen Creek and Orchard Village could 
host monthly or quarterly bike maintenance classes and successive bike safety 
classes. Bike maintenance would focus on items that are easy for individuals 
to learn, while bike safety classes would educate riders on local laws and 
proper bike etiquette. The safety class could also address an overall goal of 
familiarizing new riders, and building confident and empowered cyclists. Not 
only would classes serve as an educational tool, but also as a community 
building opportunity, where participants could encourage and support each 
other with bike and other active transportation choices. Ideally, these classes 
would serve the greater community of interested cyclists. 

Local Cycling Shop Partnership
Partnering with a local bike shop, residents of both Glen Creek and Orchard 
Village could be the recipients of promotional deals such bike locks or helmets. 
The cycling shop could provide goods for marketing opportunities derived from 
sponsoring SHA properties. This could take the form of website accreditation 
and advertising with co-sponsorship (e.g literature, leaflets, media).

Cycling, Pedestrian, and Bus Use Incentives 
Where parking spaces are assigned to each unit, active transportation incentive 
programs have been successful. For example, any unit not using their parking 
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Shuttle/Dial-A-Ride Service
We recommend examining the creation of a Dial-A-Ride service for all SHA 
properties. The creation of this type of service would allow residents to phone 
into a “dispatch” to arrange rides within the city. While it is likely that this type of 
service would be moderately expensive on the front end of the implementation, 
it is possible that a portion of the operating cost could be added to individuals’ 
rent. There are many communities across the country that have adopted this 
type of service for those who are elderly or disabled, including Salem’s Cherry 
Lift service (see Figure 9). 

Zipcar
Zipcar, a nationwide car share program, would provide Salem residents access 
to an on-demand network of automobiles. Individuals who wish to use this type 
of service sign up through the Zipcar website that allows a member certain 
access levels to the global Zipcar fleet. Zipcar plans start at a rate of $60/year. 
All Zipcar plans charge an hourly/daily rate (starting at $7/$69 respectively, 
based on the type of vehicle requested) for automobile usage, as well as a free 
daily mileage rate (with additional miles costing more). Monthly contract plans 
are available for those who would use the service more frequently. 

If implemented, this service could potentially prove to be far less expensive 
than individual automobile ownership, as the Zipcar service includes automobile 
insurance, maintenance costs, and gasoline for the cars, which would alleviate 
many cost burdens for residents in SHA developments (Zipcar.com 2010). 

Figure 9: Cherriots Cherry Lift shuttle.
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Energy

Energy Outlook
The Salem city website states that “The City is undertaking and supporting 
actions to improve local sustainability through a variety of initiatives, by 
partnering with state or local organizations, leading efforts in its own buildings, 
and providing conservation and pollution prevention programs.” This statement 
demonstrates Salem’s interest in becoming a pioneer in energy awareness 
and conservation. An emphasis on conservation can help make sustainability 

a priority in the community and reduce costs 
to residents. Conservation of energy through 
efficiency upgrades and use reduction will 
benefit the individual residents, the SHA, and 
the global environment. 

Reducing or eliminating the use of off-site 
non-renewable energy resources is crucial 
to the sustainability of all new and existing 
buildings for three main reasons. 

• The current overwhelming reliance on fossil fuel combustion for electricity 
and on centralized distribution systems has a negative impact on the 
environment. 

• Creating a certain level of energy independence for districts, neighborhoods, 
or communities increases the resilience of societal structures in the event of 
disaster or utility disruption. 

• Residents will be able to achieve a higher degree of comfort in their homes 
while reducing their electricity bills. SHA will see a decrease in energy bills, 
allowing the program to allocate more funding toward reaching other goals.

Glen Creek Development

Organized as town homes within each 
building, each unit spans the width of the 
building, providing each apartment with 
exterior openings on at least two sides. 
If properly designed, this arrangement 
allows residents access to daylight and 
cross-ventilation for cooling. The buildings 
have various orientations ranging from 
approximately 20° east of south to one 
building facing almost directly due west.

The buildings use conventional 4-inch stud-
wall construction. A state-mandated building 

Over half of the average 
residential energy costs go 
towards heating, cooling or 
lighting needs (Lawrence 
2010).

Figure 11: Glen Creek housing.
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The strategies for this unit that had the best “bang for the buck” were reducing 
infiltration (significantly decreases winter heat loss) and using natural ventilation 
(lowers the summer cooling load). Other changes, such as adding exterior 
shading devices (fixed overhangs installed above the windows) did not have 
a significant effect in this model since the selected unit had only two small 
windows on the south side. However, these strategies could have much greater 
impact on a unit with more window area facing south or west. Modeling of this 
type can also be helpful with new construction to test ideas and ensure the most 
efficient design. 

Figure 12: Modeling winter heat loss in a typical Glen Creek housing unit.

Figure 13: Modeling summer heat gain in a typical Glen Creek housing unit.
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involved, but would also give a more complete picture of the unit’s performance. 
This test is performed over a period of 12-24 hours in an unoccupied unit, 
and results in an accurate estimate of the whole-unit heat loss or gain 
characteristics.

With a good understanding of where and how buildings are using the most 
energy, SHA can prioritize replacement and upgrading to target those changes 
that will yield the highest results.

Use Reduction: Building Individual Awareness

Current Status of Glen Creek Apartments 

While upgrades to the building and installation of energy efficiency appliances 
contribute to lowering electricity demand, human behavior also affects energy 
consumption. A common credo used by Professor G. Z. Brown of the Energy 
Studies in Buildings Laboratory at the University of Oregon is: buildings don’t 
use energy, people do. Utility consumption data indicate a tremendous range 
of electricity use, even among similar residences and demographically similar 
occupants, that can be best attributed to behavioral differences (Lutzenhiser 
1993). 

The average energy usage per unit is 1261 kWh per month; the highest is 1646 
kWh per month, and the lowest is 814 kWh per month. The range in energy 
usage could be attributed to a number of apartment characteristics, such as 
location within building, orientation, and window types, or it could be due to 
higher appliance efficiency or to different use patterns by the occupants. Further 
studies of these issues would be valuable.

Comparing the average of four years of electricity use at Glen Creek to the 
national average for buildings of the same type and occupancy (low-rise multi-
family), 8 units use more energy, 21 units are within the national range, and only 
1 unit used less energy.

Informational Feedback

A large part of the energy conservation effort will depend on the individual 
habits of the residents themselves. Therefore, the managers of Glen Creek and 
Orchard Village should strategically think about how to influence behavior by 
educating the residents on how and why they should conserve energy. In order 
to achieve maximum energy use reductions, the residents should join SHA in 
changing their use habits. Research shows that, after upgrading the building 
envelope and increasing the energy efficiency of appliances, feedback about 
energy consumption, especially when paired with information about neighbors’ 
behavior (either positive or negative), is effective in reducing behavioral energy 
use (Geller 1983).
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Passive Building Systems 

Passive systems strategically use architectural elements to harness natural 
energy sources for the purpose of heating and cooling spaces. This strategy 
uses natural energy resources rather than importing energy to a building. 
Passive systems are simple, have few moving parts, and require no mechanical 
systems to help them operate. 

Figure 18: Multi-family housing can be sustainable and aesthetic. This Swiss three-family building 
won the 2010 Passivhaus Architecture Award. (Source: www.halle58.ch).

Figure 19: Housing units in the Beddington Zero Energy Development (BedZED) in south 
London use half of the energy and water of comparable units in the surrounding area. (Source: 
bioregional.com).
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Because this strategy depends upon extensive outdoor airflow, large window 
openings are required. The use of large openings affects the placement of 
interior spaces and can be a security concern.

A direct gain system requires east/west site orientation in order to receive 
optimal seasonal solar heat gains from the south side of the building. It is 
important to consider the location of functional spaces in relation to the east/
west orientation. Rooms that are placed along the south façade will receive 
more heat and daylight. North-facing spaces are optimal for service spaces 
such as closets and walkways and can create an insulation buffer. North-facing 
rooms are also good for cooling dominant spaces and are most commonly 
used in commercial buildings. Exterior shading and light shelves are important 
design criteria to consider in relation to energy efficiency. Light shelves push 
light farther into rooms, reducing the need to turn on lighting. Exterior shading 
can be accomplished through the use of landscape planting, which can prevent 
heat from the sun from penetrating into rooms and decrease the need for air 
conditioning. Vegetation can also act as an insulation buffer; appropriate plant 
species should be chosen after consulting with a professional.

Cross Ventilation
Air temperature and wind speeds are two key determinants in calculating 
effective cross ventilation systems. Cross ventilation works when the outdoor 
air temperature is 3°F cooler than indoor air and when wind speeds are high 
enough to cool the specific site based on its location and climatic condition. 
Greater airflow results in greater cooling capacity. Window placement is also 
a key design factor. Windows placed at occupant level will affect occupant 
sensation perception, while higher windows allow warm air to escape the 
building.

Shading
Adding shading devices to the exterior facade to shade south, east, and west 
exposures can minimize heat gain during the hot summer months. Alternatively, 
deciduous trees can shade windows during warm weather, while allowing 
sunlight to penetrate during the winter. Trees and shrubs can effectively act 
as barriers to unfavorable wind patterns by reducing wind speeds that cause 
a wind-chill effect. A simulation study by E. Gregory McPherson (1993) found 
that a 24-foot-tall deciduous shade tree planted on the west side of a building 
could decrease air conditioning requirements by over 150 kWh per year in 
Portland, Oregon (McPherson 1993). Since buildings on the Glen Creek site are 
generally not equipped with air conditioning, this savings translates to a higher 
degree of comfort during the summer. When designing for Orchard Village, it is 
important to think about how energy use can be reduced; carefully placed trees 
can not only help shade a building, they can add to the aesthetic value of the 
development. 
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system, pumps circulate a non-freezing fluid through solar collectors and a heat 
exchanger, which heats water in an insulated tank.

Ground Source Heat Pumps
Ground source heat pumps (see Figure 23) use the earth’s mass to heat or cool 
spaces. This type of system requires extensive site planning and varies in price. 
The cost of a ground source heat pump is dependent upon the depth at which 

the piping needs to be buried, which varies 
with the frost line. Ground source systems 
consist of a heat pump, an air delivery 
system, and a heat exchanger. The pipes can 
be buried either vertically or horizontally. The 
decision about pipe placement will need to 
consider current site conditions as well as the 
possibility of future site development. 

Air-to-Air Heat Exchangers
An air-to-air heat exchanger is a system that uses a mechanical device to 
transfer the heat from one airflow stream to another. The key architectural issue 
is the plan for two air streams (supply and exhaust) to run adjacent to each 
other at the connection to the heat exchanger. We recommend considering two 
types of units: heat recovery ventilators, and energy recovery ventilators. When 
deciding on a device, climate and outdoor airflow should both be considered. 

Ground Source Heat Pumps 
use 25-50% less electricity 
than conventional heating 
or cooling systems (www.
energysavers.gov).

Figure 23: Diagram of a ground source heat pump used for space heating and hot water.
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Wind Harvesting 
Wind harvesting uses turbines to harvest the kinetic energy of wind to produce 
energy for building use. Air pressure from wind spins the blades of the rotor, and 
the rotor spins a shaft that is connected to a generator, which in turn produces 
electricity. It is key to assess wind resources and tower construction regulations. 
Given Salem’s available wind, it is unlikely that on-site wind power is a feasible 
option. 

Fuel Cells
Fuel cell systems (see Figure 25) use an electro-chemical process rather than 
combustion to convert fuel into electricity. This results in a quieter, cleaner, 
and more efficient energy generation method. Fuel cells are most appropriate 
for building types with 24-hour loading and 
when coupled with either a biomass gasifier 
(which provides natural gas to power it) or 
combined heat and power (which could use 
the waste heat), both of which are explained 
below. This is an emerging technology and 
least documented as an integrated energy 
generation component. Fuel cells have 
reduced energy service costs by 20 - 40 
percent in some places (wbdg.org 2010). 

Figure 25: Fuel cell.

A manufacturer estimates 
that a Fuel Cell System 
enables homeowners to 
save 60% on their utility 
bills per year (www.
houselogic.com 2010).
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of time, knowledge, and money are also barriers to individual participation in 
an energy-use reduction scheme. Overcoming these barriers should involve a 
systematic and community-wide program of education, as well as social and 
financial incentives. Occupants’ preferences for particular appliances, interior 
finishes, or other individual unit attributes may also present difficulties. These 
may be addressed by consulting closely with the residents when alterations are 
proposed, allowing them to provide input while informing them about the reason 
for the changes.

Changes to Social Structure 

Increasing Density 
Higher residential density at Glen Creek may be achieved by splitting some 
of the larger townhomes into smaller units, similar to dorms or single-room 
occupancy (SRO) housing. This method would provide residents with one or 
two bedrooms and a bathroom for personal use, while reserving the kitchen and 
living area for shared use (see Figure 26). Rents could be reduced, and the high 
demand for smaller units (since Glen Creek has only 3, 4 and 5 bedroom units) 
could be met more easily. 

Workshop and Training
We recommend giving all new residents information and instruction on ways 
to conserve energy, such as water conservation, room heat management, 
recycling, and composting. Part of this training should include instructions on 
reading a utility bill and meter. We suggest posting tips in public places for 

Figure 26: Proposal to convert large Glen Creek townhome into multiple units with shared 
common areas.
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Water

Strategies for Smart Water Use

Urban Water Use

Even in rainfall-rich regions such as the Pacific Northwest, water conservation 
and security are pertinent issues that will grow in importance as more people 
move to the area. Many of the following suggestions will address stormwater 
mediation, the most crucial challenge on the Orchard Village site. Addressing 
water issues at Glen Creek and Orchard Village will help:

• Manage water in a conscious and sustainable manner to avoid pollution and 
depletion of water sources (increase water security).

• Reduce demand on external water sources (groundwater, reservoirs) which 
replenishes the aquifer.

• Reduce stormwater runoff into surrounding streets and Glen Creek, limiting 
erosion, water pollution, and flooding.

• Increase biofiltration capacity, which improves groundwater quality.

• Lower water utility bills for residents.

In addition to these water-oriented benefits, vegetating bioretention features 
with native plants can provide habitat for native wildlife.

Site-specific water table depth and soil infiltration capacity should be confirmed 
before implementing most of the following strategies. 

Water Conservation in the Home

Efficiency in water consumption is an important element of comprehensive 
water management. Water conservation at the resident level results from the 
combined efforts of educational measures, behavioral patterns, and efficiency of 
home appliances. 

In a study conducted by Geller, Erickson, and Buttram involving 63 townhouses 
and 66 single family residences in Blacksburg, Virginia, different strategies 
of water conservation (behavioral, educational, and engineering) were tested 
against one another to determine their comparative effectiveness. Of the three 
methods, installation of water-saving devices in the home (engineering) was 
vastly more effective in conserving water than both distribution of educational 
pamphlets and individualized water consumption feedback reports. 

In the Blacksburg study, the four water conservation devices installed in the 
homes were: 

• Toilet dams, which reduce the amount of water in a conventional toilet used 
per flush while retaining effectiveness.









48

Bioswales
Bioswales are on-site landscape components 
designed to capture and clean stormwater runoff 
through phytoremediation (Vollum 2010). The 
runoff is directed and filtered through particular 
vegetation planted within the swale. These plants 
are chosen for their ability to filter toxins and 
environmental pollutants out of the water, cleaning 
the water before it enters back into the watershed 
or is used for other purposes. Other components 
used for filtration include gravel, stones, and clay. 
Bioswales are channels for filtration not intended 
for long-term water storage. Once the runoff 
completes filtration, it may “infiltrate the soil, flow 
into a retention/detention pond, or discharge to a 
storm sewer system” (Kwok 2001).

Many swales are non-compacted water harvesting 
ditches constructed along topographical contours 
in the landscape. They slow water runoff, spread it 
throughout the swale, and provide a way for water 
to infiltrate into the earth, replenishing the water 
table and irrigating the swales. The swales can be 
planted with fruit trees, berry bushes, native plants, 

or other desirable edible, native, 
or aesthetic landscapes. 

Dry swales may be the optimal 
type of bioswale to employ at 
Glen Creek and Orchard Village, 
considering the safety and use 
as a residential site. The top of 
dry swales remains relatively dry, 
while the bottom is capable of 
holding water with runoff directed 
through the bottom of the swale. 
The base of a bioswale needs 
to lie at least two feet above the 
water table. 

Recommended Location for 
Bioswale on Glen Creek Site
Along the west/northwest border 
of Glen Creek, there is a steep 

incline in the hill. Utz identified it as a potential site for a parking garage or the 
possible construction of a building. If future construction on this portion of the 
site proves infeasible or undesirable, its steep topography would be ideal for a 

Figure 30: Roadside bioswale.

Figure 31: Bioswale cross-section.
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strategy early in the design process, and assess its feasibility at both Glen 
Creek and Orchard Village. 

Pervious Surfaces
Pervious surfaces are “Ground covers that allow rainwater to infiltrate and flow 
through to subsurface layers” (Kwok 2007). Pervious surfaces are composed of 
porous materials that can support human and vehicular traffic depending upon 
the material chosen and are effective for parking lots, driveways, sidewalks, 
and patios. Such materials include permeable pavers and porous asphalt. 
Gravel and mulch can also act as pervious surfaces when incorporated into 
site landscaping. Pervious surface materials slow stormwater runoff, thereby 
relieving stress on Salem’s water management infrastructure as well as 
reducing runoff of on-site pollutants. 

According to the information provided by the City of Salem, the four closest 
groundwater wells to the Orchard Village site had a water table level deeper 
than the minimum four feet required for the use of pervious surfaces. Prior 
to proceeding with design and construction of a pervious infrastructure, site-
specific water table analysis needs to be completed. When designing a pervious 
surface site plan, note that the minimum recommended setback from building 
foundations is 10 feet, and the minimum setback from water supply wells is 100 
feet. We recommend contacting local Salem businesses, such as Evolution 
Paving Resources, for more information and possible bid estimates.

Green Roof 
A non-accessible green roof, with 3” to 5” sedums, would provide an affordable 
green roof solution with many long-term benefits. Green roofs provide several 
environmental benefits including filtering air pollutants, absorbing carbon 
dioxide, providing habitat for pollinators, reducing the “heat island effect,” and 
decreasing stormwater runoff. The retained runoff may be stored on-site for 
treatment and used through a water catchment system (Kwok 2007).

The additional weight of water held within the roof system may require 
additional structural support for the existing buildings at Glen Creek. However, 
for an non-accessible green roof, this should be minimal. It may also be 

necessary to incorporate an irrigation system 
into the roof to maintain green roof health 
during the dry season. Traditional roofs cost 
$3 - $15 per square foot with significant 
maintenance requirements, while a green roof 
costs $10 - $20 per square foot. Additionally, 
areas such as Portland have instituted 
substantial subsidy benefits making green 
roofs more affordable (Vollum 2010).

A green roof extends the life 
of the roof, when compared 
to traditional construction, 
by 20-40 years with very 
low annual maintenance 
requirements.
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more feasible initially to use simple rather than complex rainwater harvesting 
systems to avoid renting costly machinery. 

Social

It is important to consider the additional maintenance requirements for many 
of these strategies. An educational component will be necessary to ensure 
the smooth functioning of each strategy and strengthen public knowledge of 
environmentally sensitive design.

Specific requirements for a graywater system: residents would be required 
to buy specific soaps and shampoos for the graywater system, which would 
require them to shop in specific locations and spend additional money. It may 
prove difficult to regulate residents’ use of soaps and washing techniques for a 
successful system. 

Proposal 
Pivotal: Adding minor retrofits such as aerators and toilet dams to all existing 
residences. Checking faucets and pipes for leaks. Replacing some of the 
current grassy yard with native plants. 

Progressive: Installing non-accessible green roofs. For all new construction, 
installation of rainwater catchment systems and bioswales.

Pioneering: Implementing a graywater system.
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Organization Models 
Individual Garden Plots Near Unit
Depending on how new housing units are built at Orchard Village, there may be 
a small garden space for each individual unit near the front or back entrance. 
Additionally, we recommend providing at least one window plant box (ideal for 
growing small vegetables, herbs, and flowers), for each unit at SHA sites. This 
feature could also be an easy addition to the Glen Creek Apartments. 

Community Garden Model
Community gardens can be organized, 
depending on the overall goals of the garden, 
in many ways. In Seattle, Washington, the 
city housing authority has initiated a “P-patch” 
program in alignment with the Urban Garden 
Share. The city housing authority set up a 
network so gardeners can sign up with a 

community garden and pay for a plot. Seattle gardeners unable to afford a plot 
can apply for plot fee assistance through the housing authority. 

This model of plot division demonstrates how city support can ensure the 
stability of community gardens. If a gardener cannot afford a plot, the city 
will help ensure that the fees do not become a barrier. Salem currently has 
numerous community gardens under a similar model. 

We suggest the Glen Creek and Orchard Village gardens give priority access 
to residents. SHA will need to assess the feasibility of fees, with the option of 
no fees for residents. The sites have potential to set aside plots for outside 
community members, where fees would be appropriate. This would provide 
income to support the garden and create an opportunity for knowledge 
exchange within the greater community. 

Neighborhood-Education Link Model
There has been a fast growing Farm to School movement across the country. 
Educators are realizing the potential of urban farms and gardens to educate 
students. The State of Oregon has acknowledged the Farm to School initiative 
and appointed a full time position to manage Farm to School programs. Most 
major Oregon cities have initiated programs; however, Salem has yet to get 
involved (www.farmtoschool.org 2010). 

From biology to healthy diets, cooking to environmental studies, students 
connect with the curriculum through food production. Throughout the school 
year, classrooms work in the garden, learning practical gardening skills as well 
as plant biology. During the weekend, students may help run a community 
farmers’ market, and during the summer, high school students find employment 
by working in the gardens.

There is potential for SHA gardens to make a similar connection, particularly for 
residents of low-income housing units, by providing accessible education to the 

The community garden 
in Orchard Heights Park 
(across the street from Glen 
Creek) has a waiting list for 
their garden plots.
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are many food security grants that could fund this kind of initiative on the state 
and national level. 

Intensive Food-Producing Habitable Green Roof 
As a habitable space, the intensive green roof provides opportunity for food 
production and recreational terraces. Due to the increased weight of an 
intensive green roof, as well as the need to support the weight of occupants, the 
building would require additional structural support. 

Beyond the Garden

In addition to an increased food supply for the residents of Glen Creek, 
landscaping has the potential to:

• Reduce erosion 
• Provide shelter and food for native wildlife 
• Offer educational opportunities for residents

Greenhouse
With a greenhouse, residents would be able to ensure on-site food security 
throughout the winter. There is a lot of open space at the Glen Creek property, 
and potentially plenty of space at the Orchard Village site, allowing room for a 
greenhouse. In addition, harnessing the heat of the sun makes greenhouses an 
environmentally viable option.

Native Species 
In maintaining a sustainable focus, it is important to use native plants when 
possible. Native species are responsive to their region’s climate, soils, and 
rainfall. These plants provide landscaping and conservation, and are often 
resistant to many insects and diseases. These factors decrease the amount 
of attention needed for the plants, therefore decreasing the necessary water 
usage, labor, and money. It is important to know not only the eco-region each 
species is native to, but also requirements for light and soil moisture, in order for 
the plants to grow successfully (Hansen 2010).

Herb Gardens
Small herb boxes lining sidewalks, backs of houses, and window boxes on 
every unit could expand the food landscaping throughout the site. Herb gardens 
are aesthetically pleasing and provide an opportunity for residents to learn 
about fresh herb use.

Fruit Trees
Salem’s climate makes it possible to grow fruit trees without much maintenance. 
Planting fruit trees would broaden the scope of on-site food production and 
increase food security for the residents. Fruit trees that grow particularly well in 
Salem include apple, plum, and cherry.
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• Establish the garden plot and composting systems.

• Set up education resources, including an outside kitchen, ideally connecting 
with local restaurants to bring in cooking classes.

• Build a greenhouse and chicken coop. 

• Write annual reports on garden progress, effects, and usage.

Finance

Initiating the Project

• Government grants: the USDA annually has many grants that could help 
fund these projects. Many focus on providing food security.

Nationwide grants: www.csrees.usda.gov/fo/funding.cfm

Statewide grants: www.oregon.gov/ODA/grants.shtml

• Connecting with the community garden in Orchard Heights Park for potential 
volunteers may help with breaking ground. There is a long waiting list for this 
garden, showing much interest within the West Salem area.

• Oregon Environmental Council has resources and sponsors that would help 
connect the Glen Creek Garden to the larger farming community. They also 
have information on how to ensure the garden is sustainable and efficient. 
This may be a good link to have local farmers come to the garden and assist 
in planning and support, as it is crucial to bring in expertise when breaking 
ground (www.oeconline.org 2010).

After a Garden is Established

• Encourage local restaurants to purchase produce and eggs from the farm. 

• Provide an opportunity for youth residents to sell vegetables in the 
neighborhood (vegetable stand) creates a wider West Salem community 
and motivation for the youth to participate in gardening projects.

• Apply for garden support and attract a wide range of youth and community 
building activities by using the garden and outdoor kitchen. This provides an 
excellent opportunity to showcase community networking and food security 
within the SHA.

We recommend finding one organization, program, farm, or business that is 
committed to the upkeep of the farm in all phases and can assist the Glen 
Creek and Orchard Village community members in integrating the farm into their 
lives.
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Materials

Construction Materials
The selection of construction materials is a fundamental decision essential to 
the overall quality of a development site. This section will address the SHA’s 
responsibility to the environment with new construction in deciding material 
use, as well as the ability to create an efficient and comfortable space for its 
residents. 

Understanding the various components of materials is critical in deciding what 
to use for construction. Knowing how long a material typically lasts, when and 
how it is made, and where it originates, is important information when choosing 
material sources. The materials used in construction directly affect the building’s 
efficiency, comfort, longevity, and environmental sustainability. 

We recommend that the SHA seek out recycled, reused, or renewable products 
that perform at a level comparable to other traditional building materials, without 
the adverse effects on natural resources. By reusing supplies, the energy 
required to make these materials is effectively lessened by prolonging their 
lifespan. Materials that can be easily salvaged include heavy timber, glass, and 
bricks; these materials have a high energy cost to manufacture. Clever sourcing 
can also yield reusable finishing materials; everything from parquet flooring to 
building hardware can be reused from older buildings.

Material conservation is a direct effect of smart design. Most purchased 
cladding materials (e.g. drywall, plywood, metal sheeting, shingles) are typically 
manufactured four feet wide. If buildings are designed on four-foot modules, 
construction waste can be drastically minimized. 

Affordable housing projects such as Glen Creek and Orchard Village offer 
a unique challenge in sustainable housing design, but not the first of their 
kind. Density is by nature a more efficient style of living, but it requires more 
consideration and collaboration. 

Material Sources and Use

Material reduction, both by way of design and in construction, is an important 
part of sustainable building. Advanced framing with a twenty-four inch on-
center gap between studs will save on structural lumber. Lumber should be the 
material of choice, because it can be locally harvested in Oregon. The heating 
and cooling industry adage is, “insulate before you insolate,” meaning there is 
no use applying heat or cooling unless insulation is provided to prevent it from 
leaking out immediately. Careful consideration should be given to enclosure 
construction techniques. This includes installing insulation in the walls, floors, 
and roof, and installing energy-efficient windows.
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Reusable Materials 

Reuse of materials can alleviate the demand for waste removal. We recommend 
an innovative program that provides residents with a small move-in package 
that includes items that enable reuse. For example, reusable tote bags, 
reusable water bottles, to-go coffee mugs, and reusable food containers for 
lunches would all provide opportunities for residents to limit their waste. Not only 
does a move-in package provide a warm, welcoming feeling for new residents, 
providing items that encourage waste reduction is a great educational tool. 

Providing Recycling and Composting as Utilities 

Recycling and the composting of organic materials are two effective alternatives 
to traditional waste disposal. Both options reduce the demand on landfills 
and provide other environmental and economic benefits as well. Recycling 
minimizes the need to extract and produce raw materials for new products. 
Composting can assist in the enrichment and remediating of soils, as well as 
preventing erosion and the pollution of stormwater runoff. The use of compost 
can also “reduce the need for water, fertilizers, and pesticides,” which makes it 
a “marketable commodity that is a low-cost alternative to standard landfill cover 
and artificial soil amendments” (www.epa.gov 2010).

Currently, Allied Waste Services is the waste service provider for the zone in 
Salem that includes Orchard Village (www.sanitation.com 2010). Allied Waste 
offers multiple options for waste removal, including recycling and food and lawn 
waste composting. Recycling can be incorporated into the service for no extra 
cost. Since recycling is free, adding it to the service contract can reduce the 
amount of MSW that the community produces, which in turn can reduce service 
costs. The addition of composting to the service does require small additional 
fees; however, they are minimal in comparison to that of the waste removal. For 
this reason, the use of composting as an alternative to standard MSW can also 
reduce the demand on waste costs and pickup. 

In addition to providing these services to the community, it will be optimal 
for SHA to ensure residents are well educated on the rules and regulations 
associated with recycling and composting. Upon move-in, we suggest giving 
tenants a durable list of recyclable and compostable materials and directions 
on how to dispose of them. By providing basic information, there should be 
greater utilization of the service and less chance of contamination of recyclables 
with food products or non-recyclable materials. Community recycling and 
composting bins could be placed near trash containers and properly labeled 
and maintained, so they are easy to find and access for both tenants service 
providers. 
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Composting Toilets
To further assist in the reduction of waste, considerations should be given to 
issues of sewage. While there are seemingly many options for human waste 
removal, they are not without their environmental and economic problems. 
Traditional toilets often require large amounts of water, which can have a 
significant cost and simultaneously waste a valuable resource. In addition, 
sewage treatment facilities that currently deal with human waste are constantly 
under heavy loads, and any reduction to their demand is greatly valuable (Kwok 
2007).

While it is not currently a conventional multi-family residential option, Orchard 
Village might benefit from the specification and utilization of advanced 
composting toilets with remote, continuous composting tanks. Even though this 
option requires a moderate degree of design analysis, upfront cost, and perhaps 
more routine maintenance than traditional sewage options, it has potential 
for payback. Money could be saved due to the reduction in sewage fees and 
water costs associated with traditional toilets. Continuous composting toilets 
require little to no water for use, and in some cases small amounts of energy. 
Another added economic benefit to the composting of human waste is that 
humus, a soil-like product used as fertilizer, is created through the breakdown 
(Kwok 2007). Humus can be collected and potentially sold to companies or 
independent parties for use on non-edible agricultural-crops; this sale could 
become a source of revenue for the Orchard Village Community, and for Glen 
Creek if a new building is constructed outfitted with composting toilets. 

Proper maintenance will be one of the biggest concerns to the success of 
composting toilets. Instructions provided to tenants on the proper daily uses, 
limitations, and cleaning options associated with this unconventional system will 
be essential. However, if people are properly educated, they will find that having 
a composting toilet is almost the same as having a conventional toilet, with 
the main differences being in the cleaning and disposal of hygiene products. 
Maintenance of the composting tanks will generate the largest human demand 
(www.composting-toilet-store.com 2010). The compost does require turning, 
introduction of materials that are high in carbon (sawdust, straw, or bark), as 
well as emptying the humus (Kwok 2007). However, this type of maintenance 
is minimal based on load factors, sometimes as little as once or twice a year 
per tank. While this might be an added cost to the community, it will likely be 
offset by the cost savings and revenue generated by the system. Additionally, 
hiring a maintenance crew internally within the community can produce job 
opportunities. 

Many projects and communities take advantage of composting toilet systems, 
and have made great efforts to advocate their success and gains. One 
community is the NutriCycle Systems Demonstration Site in Jefferson, Maryland 
(www.smartcommunities.ncat.org).
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Resource Use and Social Interaction
As further exploration of the above suggestions continues, it will be useful to 
assess possible scenarios with an interdisciplinary approach. Not only will the 
development of a truly sustainable and green site be dependent on looking 
at green design, technology, and innovative solutions, but both developments 
should be designed with social justice, health, and residents’ well-being in mind.

Creating a Community
Strong communities provide residents with a sense of enrichment, 
empowerment, and a desire to maintain the integrity of the site. If the SHA 
wants to provide innovative examples of environmental and social sustainability 
in the low-income housing sector, we recommend focusing on building the 
social infrastructure as much as the green building infrastructure. 

Announcing and inviting the community to help construct the suggested projects 
can help spark community involvement, which could lead to decreased labor 
costs. Civic engagement is a necessity for the success of the projects defined. 
Because of the possible struggle with community activism in developments and 
programs, initiatives could be set up to help popularize a new way of living. 
Implementation of these strategies at the Glen Creek site can help provide the 
SHA with a good example of what could work at Orchard Village as well. 

We recommend future teams consider:

• Playgrounds: Offer a safe place for families to congregate and children to 
play at the site and in the adjacent housing community. 

• Educational Center: There will be a number of innovative design and 
building aspects as well as ecosystems present on the sites. This collection 
offers educational opportunities. Providing a person on site who can give 
tours, teach weekend classes, and answer general questions provides 
learning opportunities for the adults and children and the greater Salem 
community.

• Community Center: Children, parents, and single adults alike need a safe 
place to spend their nights and weekends. Developing an active community 
center on site where families can be together reduces the need to figure out 
how to get off site. 

• Community Clothes and Goods Exchange: Useful goods exchanges 
occur across the country and enable families and neighborhoods to 
exchange items as they outgrow or no longer need things, while keeping 
reusable items out of landfills. This is especially useful and successful in 
communities with a large population of children. 

Many schools have ‘swapping weekends.’ A successful exchange takes place 
typically before Christmas and the beginning of school (Monacelli 2010). An 
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Outdoor Brick Oven and Picnic Area

We believe the addition of a barbeque or outdoor brick oven would be a 
welcoming space for friends and family to gather outside their living space. In 
addition, we suggest extending the current deck at Glen Creek around the east 
side of the building to create a more private area. An overhang could be added 
to cover part of the deck, which would allow the space to be both open and 
sheltered from the elements. Moreover, this open space would be welcoming 
for the used good exchanges during dry weather, as well as provide a space for 
educational meetings on gardening and other topics.

Most materials for the barbeque and overhang can be purchased at Salem 
building supply reuse stores, allowing close to 100 percent recycled materials. 
To construct the deck, we suggest materials such as Trex decking, which is 
typically more expensive but is weather- and insect-resistant, extremely durable, 
and has low maintenance costs.

The overhang can be constructed of 2x6 rafters, plywood, and shingles. The 
design of the overhang must include suitable gutters to keep the rain from 
flowing straight onto the deck. Gutters may also be attached to rain catchment 
systems, which would add to the proposed rainwater catchment system. Finally, 
the barbeque could have two separate grills, so that families can share the area. 
The interior of the barbeque pit would need to be made out of firebrick, and the 
exterior could be built with 8x4x16 Concrete Masonry Units. 

Taking a Systems Approach
Each suggested idea alone has potential, but taken as a system, they hold real 
promise. Taking a systems approach will help to establish of a successful living 
place and a sense of community within both sites. A sense of community can 
improve the successful long-term viability of a housing complex and can create 
a sense of pride that leads to empowerment of its members. A community that 
is unified facilitates an involved attitude toward community concerns. Getting 
neighbors involved in the community fosters a viable barrier to issues such as 
crime and motivates people to help each other. 
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High Point
http://mithun.com/projects/project_detail/high_point/

pdf: High Point-Case Study

http://www.seattlehousing.org/redevelopment/high-point/

High Point - Re-Inventing Infrastructure from the gutter up, Peg Stae-

hell & Miranda Maupin, Arcade 2003.

Vauban
http://www.vauban.de/info/abstract.html

http://www.cabe.org.uk/case-studies/vauban

http://www.madisonfreiburg.org/green/vauban.htm

Hammarby Sjostad
http://www.cabe.org.uk/case-studies/hammarby-sjostad

http://www.hammarbysjostad.se/

http://www.urbandesigncompendium.co.uk/hammarby%20sj%C3%B6

stad

The Hammarby Model.pdf - found on hammarbysjostad.se

Hammarby Sjostad- A unique environmental project in Stockholm.pdf 

- Found on hammarbysjostad.se

Other Projects

Dockside Green - Victoria, British Columbia

 Water treatment, Biogassifier Energy Generation

Prairie Crossing - IL, USA

 Habitat preservation, local agriculture, community design

Millennium Waters - Vancouver BC

 District heating plant, stormwater plans, net-zero building.

bedZED - London

 Energy strategies, mixed uses

Bo01 - Malmo Sweden

 Public spaces, innovation energy systems

Helensview - Portland, OR

 Low-income, LEED-ND Project

Newington, Homebush Bay - Sydney, AUS

 Financing for a solar neighborhood. 
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	The following report focuses on general recommendations for the above-mentioned Salem sites. We suggest the City of Salem use these recommendations to inform construction and renovation at both Orchard Village and Glen Creek. However, if the recommendations are to be implemented into future plans, additional, site-specific studies will need to be undertaken to ensure that they are viable, efficient, and cost-effective solutions. Findings from this report will be passed on to and further developed in a two-t
	The SHA vision is one of sustainability. Rich in opportunities and welcoming innovation, SHA’s housing could lead the way as Salem invests in that vision. The suggestions presented in this document will help promote Orchard Village and Glen Creek as progressive affordable housing solutions. Glen Creek and Orchard Village have been analyzed for their potential to increase the level of sustainability and responsibility to the entire Salem community. 
	The following sections will outline recommendations for optimizing energy performance, improving transportation options, implementing strategies for smart water use, promoting health and food security, recycling, landscaping, and promoting a deeper sense of community. 
	Organization
	In order to direct the idea and information flow into a pragmatic and applicable structure, each area of focus is broken down in to three types of recommendations based on feasibility:
	Pivotal: These plans suggest modest improvements over the current standard of living in Salem. These recommendations assume materials and processes meet necessary current social and environmental standards. Pivotal strategies are the most basic and necessary suggestions offered toward a Green Cities vision. 
	Progressive: These plans suggest an improvement and elaboration of current precedents in sustainable development practices and social community development. These suggestions are forward-thinking, yet often are affordable with little up-front cost.
	Pioneering: These plans suggest the most forward-thinking of sustainable development proposals. They explore the most idealistic and ambitious environmental and social design features. Although these suggestions typically lead to higher up-front costs, the long-term savings are often significant. Additionally, implementing pioneering strategies often provides opportunities for media exposure that will ultimately benefit the SHA and its residents. 
	The suggestions in this report exist in the “big ideas” realm. Although the research team champions the elements found in the Pioneering recommendations, we understand the financial, social, and administrative constraints that may arise. We suggest future groups extract and further investigate the components most suitable for achieving the desired success defined by Glen Creek, Orchard Village, and the City of Salem.
	Cost
	The fares for the Cherriots system can be burdensome for those who have a low or fixed income. Currently, Cherriots charges adults $1.50 for each segment of a bus trip, $3.35 for a day pass, $40 for a monthly pass, and $480 for an annual pass. Youth and “special” rates are less expensive.
	Glen Creek and the Salem-Keizer School District Busing
	The Salem-Keizer School District will not provide bus service to the Glen Creek development. The nearest schools to the development are West Salem High School (1.0 miles away), Walker Middle School (1.3 miles away), and Chapman Hill Elementary (1.25 miles away). (Data based on road network distances from the development’s driveway to the school driveway.)
	The Salem-Keizer School District’s current policy states that any high school or middle school student who lives within a 1.5-mile radius of the school must walk, and 1-mile radius for elementary school students. The School District does not define their measurement methodology; however, Chapman Hill Elementary School falls outside of the 1-mile radius. This means that children as young as five years old must walk over a mile to school if their parents cannot drive them. Many times, students do not make it 
	Walking and Cycling 
	Walking and cycling are two viable alternatives for some residents, even though there are some drawbacks to these methods of transportation. Due to the topography of the Glen Creek development and the surrounding area, there are many winding and hilly roads that must be traversed in order to reach any destination. These conditions are not always safe for the residents, as the sidewalks and bike lanes are poorly maintained. Additionally, Orchard Heights Road is a major arterial thoroughfare, with higher spee
	Access to Basic Services
	Residents of both housing developments are limited in their options for basic services if they do not own an automobile. Furthermore, shopping via active transportation can be difficult when considering the challenge of carrying home purchased goods and traversing multiple lanes of vehicular traffic. 
	If this is not a viable solution, then we suggest installing signage and lighting at crosswalks to increase the visibility of pedestrians trying to cross between the development and the park. Additionally, we recommend footbridges be erected over Glen Creek between the development and Chapman Hill Park to allow for better access.
	Cycling 
	The Glen Creek area needs improved infrastructure for cyclists, including signage and segregated cycling lanes. The cities of Salem and Keizer have published bicycle route maps on their website. Despite having dedicated cycling lanes on some streets such as Orchard Heights Road near the Glen Creek development, the City of Salem has adopted a new type of marking for many of its roads where additional rights-of-way or lanes are not possible. 
	In an effort to increase the accessibility of the development for bicyclists, the SHA could work with the Oregon Department of Transportation and Salem Public Works to increase the number of dedicated bike lanes in the West Salem area by repainting existing bike lanes, and improving the bike lane signage. 
	Glen Creek Parking Lot Redesign 
	Since many of the current parking spaces are unused, parking could be consolidated in an effort to maximize green space and remove unneeded impervious surfaces from the site. Additionally, this would allow for a redesign of the entrance to the development. 
	The recommended redesign would move the driveway from the west side of the development to the east side, providing two main benefits to residents. First, it would add 0.1 miles of road distance to the measurements for school bus routes, potentially enough distance to convince the Salem-Keizer School District to bus students to their respective schools. Second, the recommended redesign would improve the visibility of residents who are crossing the street, and also those who are turning into and out of the de
	We recommend negotiations with the Salem-Keizer School District prior to any renovations. Additionally, we suggest SHA conduct a cost-benefit analysis before any costly redevelopment takes place.
	Salem-Keizer School District
	We recommend SHA open a dialogue with the Salem-Keizer school district. This dialogue should clearly establish the measurement technique employed by the School District when determining the distance from a development to the schools for busing purposes. Should the School District hold their position that the student residents of Glen Creek must continue to walk to school, we suggest SHA investigate the feasibility of creating a community shuttle that students could use in order to travel back and forth to s
	for visitors or short trips, also covered, but unenclosed. For reference, one car parking space can be repurposed to accommodate 6 racks, or 12 bicycles. Racks will follow additional guidelines as per ODOT standards.
	Cycling/Pedestrian Network Map Placard
	We recommend a placard depicting close and easy bike and pedestrian pathways near bike racks and main pathways to inform residents and visitors of safe and efficient travel routes, including estimated travel time.
	Transportation Options Move-In Info Pack
	In order to foster community awareness and support for alternative transportation, we recommend providing a “Transportation Info Pack” to residents upon moving into the developments. This could potentially be extended to all SHA housing. Among many ideas, we suggest including: cycling/pedestrian city maps, public transit schedules, bike bells and lights, reflective pant-cuff bands for walkers/joggers/cyclists, and a bus pass. Additionally, we suggest permanently securing a bike/pedestrian map to the inside 
	Bike Facilities
	To assist residents in bike maintenance and ensure bike riding health and safety, we recommend bike facilities composed of a water-bottle-friendly drinking fountain, an air station for tires, and a permanent bike stand for repair work (e.g. tire changes, brake adjustment, cleaning). We suggest making tools available for checkout at the main office. 
	Bicycle Maintenance and Safety Classes 
	Partnering with local advocacy groups, Glen Creek and Orchard Village could host monthly or quarterly bike maintenance classes and successive bike safety classes. Bike maintenance would focus on items that are easy for individuals to learn, while bike safety classes would educate riders on local laws and proper bike etiquette. The safety class could also address an overall goal of familiarizing new riders, and building confident and empowered cyclists. Not only would classes serve as an educational tool, bu
	Local Cycling Shop Partnership
	Partnering with a local bike shop, residents of both Glen Creek and Orchard Village could be the recipients of promotional deals such bike locks or helmets. The cycling shop could provide goods for marketing opportunities derived from sponsoring SHA properties. This could take the form of website accreditation and advertising with co-sponsorship (e.g literature, leaflets, media).
	Cycling, Pedestrian, and Bus Use Incentives 
	Shuttle/Dial-A-Ride Service
	We recommend examining the creation of a Dial-A-Ride service for all SHA properties. The creation of this type of service would allow residents to phone into a “dispatch” to arrange rides within the city. While it is likely that this type of service would be moderately expensive on the front end of the implementation, it is possible that a portion of the operating cost could be added to individuals’ rent. There are many communities across the country that have adopted this type of service for those who are 
	Zipcar
	Zipcar, a nationwide car share program, would provide Salem residents access to an on-demand network of automobiles. Individuals who wish to use this type of service sign up through the Zipcar website that allows a member certain access levels to the global Zipcar fleet. Zipcar plans start at a rate of $60/year. All Zipcar plans charge an hourly/daily rate (starting at $7/$69 respectively, based on the type of vehicle requested) for automobile usage, as well as a free daily mileage rate (with additional mil
	Energy
	Energy Outlook
	The Salem city website states that “The City is undertaking and supporting actions to improve local sustainability through a variety of initiatives, by partnering with state or local organizations, leading efforts in its own buildings, and providing conservation and pollution prevention programs.” This statement demonstrates Salem’s interest in becoming a pioneer in energy awareness and conservation. An emphasis on conservation can help make sustainability a priority in the community and reduce costs to res
	Reducing or eliminating the use of off-site non-renewable energy resources is crucial to the sustainability of all new and existing buildings for three main reasons. 
	The current overwhelming reliance on fossil fuel combustion for electricity and on centralized distribution systems has a negative impact on the environment. 
	• 

	Creating a certain level of energy independence for districts, neighborhoods, or communities increases the resilience of societal structures in the event of disaster or utility disruption. 
	• 

	Residents will be able to achieve a higher degree of comfort in their homes while reducing their electricity bills. SHA will see a decrease in energy bills, allowing the program to allocate more funding toward reaching other goals.
	• 

	Glen Creek Development
	Organized as town homes within each building, each unit spans the width of the building, providing each apartment with exterior openings on at least two sides. If properly designed, this arrangement allows residents access to daylight and cross-ventilation for cooling. The buildings have various orientations ranging from approximately 20° east of south to one building facing almost directly due west.
	The strategies for this unit that had the best “bang for the buck” were reducing infiltration (significantly decreases winter heat loss) and using natural ventilation (lowers the summer cooling load). Other changes, such as adding exterior shading devices (fixed overhangs installed above the windows) did not have a significant effect in this model since the selected unit had only two small windows on the south side. However, these strategies could have much greater impact on a unit with more window area fac
	involved, but would also give a more complete picture of the unit’s performance. This test is performed over a period of 12-24 hours in an unoccupied unit, and results in an accurate estimate of the whole-unit heat loss or gain characteristics.
	With a good understanding of where and how buildings are using the most energy, SHA can prioritize replacement and upgrading to target those changes that will yield the highest results.
	Use Reduction: Building Individual Awareness
	Current Status of Glen Creek Apartments 
	While upgrades to the building and installation of energy efficiency appliances contribute to lowering electricity demand, human behavior also affects energy consumption. A common credo used by Professor G. Z. Brown of the Energy Studies in Buildings Laboratory at the University of Oregon is: buildings don’t use energy, people do. Utility consumption data indicate a tremendous range of electricity use, even among similar residences and demographically similar occupants, that can be best attributed to behavi
	The average energy usage per unit is 1261 kWh per month; the highest is 1646 kWh per month, and the lowest is 814 kWh per month. The range in energy usage could be attributed to a number of apartment characteristics, such as location within building, orientation, and window types, or it could be due to higher appliance efficiency or to different use patterns by the occupants. Further studies of these issues would be valuable.
	Comparing the average of four years of electricity use at Glen Creek to the national average for buildings of the same type and occupancy (low-rise multi-family), 8 units use more energy, 21 units are within the national range, and only 1 unit used less energy.
	Informational Feedback
	A large part of the energy conservation effort will depend on the individual habits of the residents themselves. Therefore, the managers of Glen Creek and Orchard Village should strategically think about how to influence behavior by educating the residents on how and why they should conserve energy. In order to achieve maximum energy use reductions, the residents should join SHA in changing their use habits. Research shows that, after upgrading the building envelope and increasing the energy efficiency of a
	Passive Building Systems 
	Passive systems strategically use architectural elements to harness natural energy sources for the purpose of heating and cooling spaces. This strategy uses natural energy resources rather than importing energy to a building. Passive systems are simple, have few moving parts, and require no mechanical systems to help them operate. 
	Because this strategy depends upon extensive outdoor airflow, large window openings are required. The use of large openings affects the placement of interior spaces and can be a security concern.
	A direct gain system requires east/west site orientation in order to receive optimal seasonal solar heat gains from the south side of the building. It is important to consider the location of functional spaces in relation to the east/west orientation. Rooms that are placed along the south façade will receive more heat and daylight. North-facing spaces are optimal for service spaces such as closets and walkways and can create an insulation buffer. North-facing rooms are also good for cooling dominant spaces 
	Cross Ventilation
	Air temperature and wind speeds are two key determinants in calculating effective cross ventilation systems. Cross ventilation works when the outdoor air temperature is 3°F cooler than indoor air and when wind speeds are high enough to cool the specific site based on its location and climatic condition. Greater airflow results in greater cooling capacity. Window placement is also a key design factor. Windows placed at occupant level will affect occupant sensation perception, while higher windows allow warm 
	Shading
	Adding shading devices to the exterior facade to shade south, east, and west exposures can minimize heat gain during the hot summer months. Alternatively, deciduous trees can shade windows during warm weather, while allowing sunlight to penetrate during the winter. Trees and shrubs can effectively act as barriers to unfavorable wind patterns by reducing wind speeds that cause a wind-chill effect. A simulation study by E. Gregory McPherson (1993) found that a 24-foot-tall deciduous shade tree planted on the 
	system, pumps circulate a non-freezing fluid through solar collectors and a heat exchanger, which heats water in an insulated tank.
	Ground Source Heat Pumps
	Ground source heat pumps (see Figure 23) use the earth’s mass to heat or cool spaces. This type of system requires extensive site planning and varies in price. The cost of a ground source heat pump is dependent upon the depth at which the piping needs to be buried, which varies with the frost line. Ground source systems consist of a heat pump, an air delivery system, and a heat exchanger. The pipes can be buried either vertically or horizontally. The decision about pipe placement will need to consider curre
	Air-to-Air Heat Exchangers
	An air-to-air heat exchanger is a system that uses a mechanical device to transfer the heat from one airflow stream to another. The key architectural issue is the plan for two air streams (supply and exhaust) to run adjacent to each other at the connection to the heat exchanger. We recommend considering two types of units: heat recovery ventilators, and energy recovery ventilators. When deciding on a device, climate and outdoor airflow should both be considered. 
	Wind Harvesting 
	Wind harvesting uses turbines to harvest the kinetic energy of wind to produce energy for building use. Air pressure from wind spins the blades of the rotor, and the rotor spins a shaft that is connected to a generator, which in turn produces electricity. It is key to assess wind resources and tower construction regulations. Given Salem’s available wind, it is unlikely that on-site wind power is a feasible option. 
	Fuel Cells
	Fuel cell systems (see Figure 25) use an electro-chemical process rather than combustion to convert fuel into electricity. This results in a quieter, cleaner, and more efficient energy generation method. Fuel cells are most appropriate for building types with 24-hour loading and when coupled with either a biomass gasifier (which provides natural gas to power it) or combined heat and power (which could use the waste heat), both of which are explained below. This is an emerging technology and least documented
	of time, knowledge, and money are also barriers to individual participation in an energy-use reduction scheme. Overcoming these barriers should involve a systematic and community-wide program of education, as well as social and financial incentives. Occupants’ preferences for particular appliances, interior finishes, or other individual unit attributes may also present difficulties. These may be addressed by consulting closely with the residents when alterations are proposed, allowing them to provide input 
	Changes to Social Structure 
	Increasing Density 
	Higher residential density at Glen Creek may be achieved by splitting some of the larger townhomes into smaller units, similar to dorms or single-room occupancy (SRO) housing. This method would provide residents with one or two bedrooms and a bathroom for personal use, while reserving the kitchen and living area for shared use (see Figure 26). Rents could be reduced, and the high demand for smaller units (since Glen Creek has only 3, 4 and 5 bedroom units) could be met more easily. 
	Workshop and Training
	Water
	Strategies for Smart Water Use
	Urban Water Use
	Even in rainfall-rich regions such as the Pacific Northwest, water conservation and security are pertinent issues that will grow in importance as more people move to the area. Many of the following suggestions will address stormwater mediation, the most crucial challenge on the Orchard Village site. Addressing water issues at Glen Creek and Orchard Village will help:
	Manage water in a conscious and sustainable manner to avoid pollution and depletion of water sources (increase water security).
	• 

	Reduce demand on external water sources (groundwater, reservoirs) which replenishes the aquifer.
	• 

	Reduce stormwater runoff into surrounding streets and Glen Creek, limiting erosion, water pollution, and flooding.
	• 

	Increase biofiltration capacity, which improves groundwater quality.
	• 

	Lower water utility bills for residents.
	• 

	In addition to these water-oriented benefits, vegetating bioretention features with native plants can provide habitat for native wildlife.
	Site-specific water table depth and soil infiltration capacity should be confirmed before implementing most of the following strategies. 
	Water Conservation in the Home
	Efficiency in water consumption is an important element of comprehensive water management. Water conservation at the resident level results from the combined efforts of educational measures, behavioral patterns, and efficiency of home appliances. 
	In a study conducted by Geller, Erickson, and Buttram involving 63 townhouses and 66 single family residences in Blacksburg, Virginia, different strategies of water conservation (behavioral, educational, and engineering) were tested against one another to determine their comparative effectiveness. Of the three methods, installation of water-saving devices in the home (engineering) was vastly more effective in conserving water than both distribution of educational pamphlets and individualized water consumpti
	In the Blacksburg study, the four water conservation devices installed in the homes were: 
	Toilet dams, which reduce the amount of water in a conventional toilet used per flush while retaining effectiveness.
	• 

	Bioswales
	Bioswales are on-site landscape components designed to capture and clean stormwater runoff through phytoremediation (Vollum 2010). The runoff is directed and filtered through particular vegetation planted within the swale. These plants are chosen for their ability to filter toxins and environmental pollutants out of the water, cleaning the water before it enters back into the watershed or is used for other purposes. Other components used for filtration include gravel, stones, and clay. Bioswales are channel
	Many swales are non-compacted water harvesting ditches constructed along topographical contours in the landscape. They slow water runoff, spread it throughout the swale, and provide a way for water to infiltrate into the earth, replenishing the water table and irrigating the swales. The swales can be planted with fruit trees, berry bushes, native plants, or other desirable edible, native, or aesthetic landscapes. 
	Dry swales may be the optimal type of bioswale to employ at Glen Creek and Orchard Village, considering the safety and use as a residential site. The top of dry swales remains relatively dry, while the bottom is capable of holding water with runoff directed through the bottom of the swale. The base of a bioswale needs to lie at least two feet above the water table. 
	Recommended Location for Bioswale on Glen Creek Site
	strategy early in the design process, and assess its feasibility at both Glen Creek and Orchard Village. 
	Pervious Surfaces
	Pervious surfaces are “Ground covers that allow rainwater to infiltrate and flow through to subsurface layers” (Kwok 2007). Pervious surfaces are composed of porous materials that can support human and vehicular traffic depending upon the material chosen and are effective for parking lots, driveways, sidewalks, and patios. Such materials include permeable pavers and porous asphalt. Gravel and mulch can also act as pervious surfaces when incorporated into site landscaping. Pervious surface materials slow sto
	According to the information provided by the City of Salem, the four closest groundwater wells to the Orchard Village site had a water table level deeper than the minimum four feet required for the use of pervious surfaces. Prior to proceeding with design and construction of a pervious infrastructure, site-specific water table analysis needs to be completed. When designing a pervious surface site plan, note that the minimum recommended setback from building foundations is 10 feet, and the minimum setback fr
	Green Roof 
	A non-accessible green roof, with 3” to 5” sedums, would provide an affordable green roof solution with many long-term benefits. Green roofs provide several environmental benefits including filtering air pollutants, absorbing carbon dioxide, providing habitat for pollinators, reducing the “heat island effect,” and decreasing stormwater runoff. The retained runoff may be stored on-site for treatment and used through a water catchment system (Kwok 2007).
	The additional weight of water held within the roof system may require additional structural support for the existing buildings at Glen Creek. However, for an non-accessible green roof, this should be minimal. It may also be necessary to incorporate an irrigation system into the roof to maintain green roof health during the dry season. Traditional roofs cost $3 - $15 per square foot with significant maintenance requirements, while a green roof costs $10 - $20 per square foot. Additionally, areas such as Por
	more feasible initially to use simple rather than complex rainwater harvesting systems to avoid renting costly machinery. 
	Social
	It is important to consider the additional maintenance requirements for many of these strategies. An educational component will be necessary to ensure the smooth functioning of each strategy and strengthen public knowledge of environmentally sensitive design.
	Specific requirements for a graywater system: residents would be required to buy specific soaps and shampoos for the graywater system, which would require them to shop in specific locations and spend additional money. It may prove difficult to regulate residents’ use of soaps and washing techniques for a successful system. 
	Proposal 
	Pivotal: Adding minor retrofits such as aerators and toilet dams to all existing residences. Checking faucets and pipes for leaks. Replacing some of the current grassy yard with native plants. 
	Progressive: Installing non-accessible green roofs. For all new construction, installation of rainwater catchment systems and bioswales.
	Pioneering: Implementing a graywater system.
	Organization Models 
	Individual Garden Plots Near Unit
	Depending on how new housing units are built at Orchard Village, there may be a small garden space for each individual unit near the front or back entrance. Additionally, we recommend providing at least one window plant box (ideal for growing small vegetables, herbs, and flowers), for each unit at SHA sites. This feature could also be an easy addition to the Glen Creek Apartments. 
	Community Garden Model
	Community gardens can be organized, depending on the overall goals of the garden, in many ways. In Seattle, Washington, the city housing authority has initiated a “P-patch” program in alignment with the Urban Garden Share. The city housing authority set up a network so gardeners can sign up with a community garden and pay for a plot. Seattle gardeners unable to afford a plot can apply for plot fee assistance through the housing authority. 
	This model of plot division demonstrates how city support can ensure the stability of community gardens. If a gardener cannot afford a plot, the city will help ensure that the fees do not become a barrier. Salem currently has numerous community gardens under a similar model. 
	We suggest the Glen Creek and Orchard Village gardens give priority access to residents. SHA will need to assess the feasibility of fees, with the option of no fees for residents. The sites have potential to set aside plots for outside community members, where fees would be appropriate. This would provide income to support the garden and create an opportunity for knowledge exchange within the greater community. 
	Neighborhood-Education Link Model
	There has been a fast growing Farm to School movement across the country. Educators are realizing the potential of urban farms and gardens to educate students. The State of Oregon has acknowledged the Farm to School initiative and appointed a full time position to manage Farm to School programs. Most major Oregon cities have initiated programs; however, Salem has yet to get involved (www.farmtoschool.org 2010). 
	From biology to healthy diets, cooking to environmental studies, students connect with the curriculum through food production. Throughout the school year, classrooms work in the garden, learning practical gardening skills as well as plant biology. During the weekend, students may help run a community farmers’ market, and during the summer, high school students find employment by working in the gardens.
	are many food security grants that could fund this kind of initiative on the state and national level. 
	Intensive Food-Producing Habitable Green Roof 
	As a habitable space, the intensive green roof provides opportunity for food production and recreational terraces. Due to the increased weight of an intensive green roof, as well as the need to support the weight of occupants, the building would require additional structural support. 
	Beyond the Garden
	In addition to an increased food supply for the residents of Glen Creek, landscaping has the potential to:
	Reduce erosion 
	• 

	Provide shelter and food for native wildlife 
	• 

	Offer educational opportunities for residents
	• 

	Greenhouse
	With a greenhouse, residents would be able to ensure on-site food security throughout the winter. There is a lot of open space at the Glen Creek property, and potentially plenty of space at the Orchard Village site, allowing room for a greenhouse. In addition, harnessing the heat of the sun makes greenhouses an environmentally viable option.
	Native Species 
	In maintaining a sustainable focus, it is important to use native plants when possible. Native species are responsive to their region’s climate, soils, and rainfall. These plants provide landscaping and conservation, and are often resistant to many insects and diseases. These factors decrease the amount of attention needed for the plants, therefore decreasing the necessary water usage, labor, and money. It is important to know not only the eco-region each species is native to, but also requirements for ligh
	Herb Gardens
	Small herb boxes lining sidewalks, backs of houses, and window boxes on every unit could expand the food landscaping throughout the site. Herb gardens are aesthetically pleasing and provide an opportunity for residents to learn about fresh herb use.
	Fruit Trees
	Salem’s climate makes it possible to grow fruit trees without much maintenance. Planting fruit trees would broaden the scope of on-site food production and increase food security for the residents. Fruit trees that grow particularly well in Salem include apple, plum, and cherry.
	Establish the garden plot and composting systems.
	• 

	Set up education resources, including an outside kitchen, ideally connecting with local restaurants to bring in cooking classes.
	• 

	Build a greenhouse and chicken coop. 
	• 

	Write annual reports on garden progress, effects, and usage.
	• 

	Finance
	Initiating the Project
	Government grants: the USDA annually has many grants that could help fund these projects. Many focus on providing food security.
	• 

	Nationwide grants: www.csrees.usda.gov/fo/funding.cfm
	Statewide grants: www.oregon.gov/ODA/grants.shtml
	Connecting with the community garden in Orchard Heights Park for potential volunteers may help with breaking ground. There is a long waiting list for this garden, showing much interest within the West Salem area.
	• 

	Oregon Environmental Council has resources and sponsors that would help connect the Glen Creek Garden to the larger farming community. They also have information on how to ensure the garden is sustainable and efficient. This may be a good link to have local farmers come to the garden and assist in planning and support, as it is crucial to bring in expertise when breaking ground (www.oeconline.org 2010).
	• 

	After a Garden is Established
	Encourage local restaurants to purchase produce and eggs from the farm. 
	• 

	Provide an opportunity for youth residents to sell vegetables in the neighborhood (vegetable stand) creates a wider West Salem community and motivation for the youth to participate in gardening projects.
	• 

	Apply for garden support and attract a wide range of youth and community building activities by using the garden and outdoor kitchen. This provides an excellent opportunity to showcase community networking and food security within the SHA.
	• 

	We recommend finding one organization, program, farm, or business that is committed to the upkeep of the farm in all phases and can assist the Glen Creek and Orchard Village community members in integrating the farm into their lives.
	Materials
	Construction Materials
	The selection of construction materials is a fundamental decision essential to the overall quality of a development site. This section will address the SHA’s responsibility to the environment with new construction in deciding material use, as well as the ability to create an efficient and comfortable space for its residents. 
	Understanding the various components of materials is critical in deciding what to use for construction. Knowing how long a material typically lasts, when and how it is made, and where it originates, is important information when choosing material sources. The materials used in construction directly affect the building’s efficiency, comfort, longevity, and environmental sustainability. 
	We recommend that the SHA seek out recycled, reused, or renewable products that perform at a level comparable to other traditional building materials, without the adverse effects on natural resources. By reusing supplies, the energy required to make these materials is effectively lessened by prolonging their lifespan. Materials that can be easily salvaged include heavy timber, glass, and bricks; these materials have a high energy cost to manufacture. Clever sourcing can also yield reusable finishing materia
	Material conservation is a direct effect of smart design. Most purchased cladding materials (e.g. drywall, plywood, metal sheeting, shingles) are typically manufactured four feet wide. If buildings are designed on four-foot modules, construction waste can be drastically minimized. 
	Affordable housing projects such as Glen Creek and Orchard Village offer a unique challenge in sustainable housing design, but not the first of their kind. Density is by nature a more efficient style of living, but it requires more consideration and collaboration. 
	Material Sources and Use
	Material reduction, both by way of design and in construction, is an important part of sustainable building. Advanced framing with a twenty-four inch on-center gap between studs will save on structural lumber. Lumber should be the material of choice, because it can be locally harvested in Oregon. The heating and cooling industry adage is, “insulate before you insolate,” meaning there is no use applying heat or cooling unless insulation is provided to prevent it from leaking out immediately. Careful consider
	Reusable Materials 
	Reuse of materials can alleviate the demand for waste removal. We recommend an innovative program that provides residents with a small move-in package that includes items that enable reuse. For example, reusable tote bags, reusable water bottles, to-go coffee mugs, and reusable food containers for lunches would all provide opportunities for residents to limit their waste. Not only does a move-in package provide a warm, welcoming feeling for new residents, providing items that encourage waste reduction is a 
	Providing Recycling and Composting as Utilities 
	Recycling and the composting of organic materials are two effective alternatives to traditional waste disposal. Both options reduce the demand on landfills and provide other environmental and economic benefits as well. Recycling minimizes the need to extract and produce raw materials for new products. Composting can assist in the enrichment and remediating of soils, as well as preventing erosion and the pollution of stormwater runoff. The use of compost can also “reduce the need for water, fertilizers, and 
	Currently, Allied Waste Services is the waste service provider for the zone in Salem that includes Orchard Village (www.sanitation.com 2010). Allied Waste offers multiple options for waste removal, including recycling and food and lawn waste composting. Recycling can be incorporated into the service for no extra cost. Since recycling is free, adding it to the service contract can reduce the amount of MSW that the community produces, which in turn can reduce service costs. The addition of composting to the s
	In addition to providing these services to the community, it will be optimal for SHA to ensure residents are well educated on the rules and regulations associated with recycling and composting. Upon move-in, we suggest giving tenants a durable list of recyclable and compostable materials and directions on how to dispose of them. By providing basic information, there should be greater utilization of the service and less chance of contamination of recyclables with food products or non-recyclable materials. Co
	Composting Toilets
	To further assist in the reduction of waste, considerations should be given to issues of sewage. While there are seemingly many options for human waste removal, they are not without their environmental and economic problems. Traditional toilets often require large amounts of water, which can have a significant cost and simultaneously waste a valuable resource. In addition, sewage treatment facilities that currently deal with human waste are constantly under heavy loads, and any reduction to their demand is 
	While it is not currently a conventional multi-family residential option, Orchard Village might benefit from the specification and utilization of advanced composting toilets with remote, continuous composting tanks. Even though this option requires a moderate degree of design analysis, upfront cost, and perhaps more routine maintenance than traditional sewage options, it has potential for payback. Money could be saved due to the reduction in sewage fees and water costs associated with traditional toilets. C
	Proper maintenance will be one of the biggest concerns to the success of composting toilets. Instructions provided to tenants on the proper daily uses, limitations, and cleaning options associated with this unconventional system will be essential. However, if people are properly educated, they will find that having a composting toilet is almost the same as having a conventional toilet, with the main differences being in the cleaning and disposal of hygiene products. Maintenance of the composting tanks will 
	Many projects and communities take advantage of composting toilet systems, and have made great efforts to advocate their success and gains. One community is the NutriCycle Systems Demonstration Site in Jefferson, Maryland (www.smartcommunities.ncat.org).
	Resource Use and Social Interaction
	As further exploration of the above suggestions continues, it will be useful to assess possible scenarios with an interdisciplinary approach. Not only will the development of a truly sustainable and green site be dependent on looking at green design, technology, and innovative solutions, but both developments should be designed with social justice, health, and residents’ well-being in mind.
	Creating a Community
	Strong communities provide residents with a sense of enrichment, empowerment, and a desire to maintain the integrity of the site. If the SHA wants to provide innovative examples of environmental and social sustainability in the low-income housing sector, we recommend focusing on building the social infrastructure as much as the green building infrastructure. 
	Announcing and inviting the community to help construct the suggested projects can help spark community involvement, which could lead to decreased labor costs. Civic engagement is a necessity for the success of the projects defined. Because of the possible struggle with community activism in developments and programs, initiatives could be set up to help popularize a new way of living. Implementation of these strategies at the Glen Creek site can help provide the SHA with a good example of what could work at
	We recommend future teams consider:
	Playgrounds: Offer a safe place for families to congregate and children to play at the site and in the adjacent housing community. 
	• 

	Educational Center: There will be a number of innovative design and building aspects as well as ecosystems present on the sites. This collection offers educational opportunities. Providing a person on site who can give tours, teach weekend classes, and answer general questions provides learning opportunities for the adults and children and the greater Salem community.
	• 

	Community Center: Children, parents, and single adults alike need a safe place to spend their nights and weekends. Developing an active community center on site where families can be together reduces the need to figure out how to get off site. 
	• 

	Community Clothes and Goods Exchange: Useful goods exchanges occur across the country and enable families and neighborhoods to exchange items as they outgrow or no longer need things, while keeping reusable items out of landfills. This is especially useful and successful in communities with a large population of children. 
	• 

	Outdoor Brick Oven and Picnic Area
	We believe the addition of a barbeque or outdoor brick oven would be a welcoming space for friends and family to gather outside their living space. In addition, we suggest extending the current deck at Glen Creek around the east side of the building to create a more private area. An overhang could be added to cover part of the deck, which would allow the space to be both open and sheltered from the elements. Moreover, this open space would be welcoming for the used good exchanges during dry weather, as well
	Most materials for the barbeque and overhang can be purchased at Salem building supply reuse stores, allowing close to 100 percent recycled materials. To construct the deck, we suggest materials such as Trex decking, which is typically more expensive but is weather- and insect-resistant, extremely durable, and has low maintenance costs.
	The overhang can be constructed of 2x6 rafters, plywood, and shingles. The design of the overhang must include suitable gutters to keep the rain from flowing straight onto the deck. Gutters may also be attached to rain catchment systems, which would add to the proposed rainwater catchment system. Finally, the barbeque could have two separate grills, so that families can share the area. The interior of the barbeque pit would need to be made out of firebrick, and the exterior could be built with 8x4x16 Concre
	Taking a Systems Approach
	Each suggested idea alone has potential, but taken as a system, they hold real promise. Taking a systems approach will help to establish of a successful living place and a sense of community within both sites. A sense of community can improve the successful long-term viability of a housing complex and can create a sense of pride that leads to empowerment of its members. A community that is unified facilitates an involved attitude toward community concerns. Getting neighbors involved in the community fosters
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	Figure 9: Cherriots Cherry Lift shuttle.
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	Over half of the average residential energy costs go towards heating, cooling or lighting needs (Lawrence 2010).
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	Figure 11: Glen Creek housing.
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	Figure 12: Modeling winter heat loss in a typical Glen Creek housing unit.
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	Figure 13: Modeling summer heat gain in a typical Glen Creek housing unit.
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	Figure 18: Multi-family housing can be sustainable and aesthetic. This Swiss three-family building won the 2010 Passivhaus Architecture Award. (Source: www.halle58.ch).
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	Figure 19: Housing units in the Beddington Zero Energy Development (BedZED) in south London use half of the energy and water of comparable units in the surrounding area. (Source: bioregional.com).
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	Ground Source Heat Pumps use 25-50% less electricity than conventional heating or cooling systems (www.energysavers.gov).
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	Figure 23: Diagram of a ground source heat pump used for space heating and hot water.
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	A manufacturer estimates that a Fuel Cell System enables homeowners to save 60% on their utility bills per year (www.houselogic.com 2010).
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	Figure 25: Fuel cell.
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	Figure 26: Proposal to convert large Glen Creek townhome into multiple units with shared common areas.
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	Figure 30: Roadside bioswale.
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	Figure 31: Bioswale cross-section.
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	A green roof extends the life of the roof, when compared to traditional construction, by 20-40 years with very low annual maintenance requirements.
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	The community garden in Orchard Heights Park (across the street from Glen Creek) has a waiting list for their garden plots.
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