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2. RPD operates a successful park tree wood processing
facility in Golden Gate Park where it chips all trees
removed from its property and uses the wood chips
directly or turns them into mulch or compost for use
within City parks. RPD also uses logs from trees
throughout the parks as barriers, benches, etc. RPD
rarely needs to buy wood chips, mulch, or compost from
third-party landscape suppliers.
3. Neither DPW nor RPD are creating lumber or specialty
wood products from removed trees.
4. Street trees experience harsh conditions and their size
and wood quality is usually low such that only an
estimated 10-15% is suitable for lumber. Park trees are
larger and usually of better quality such that an
estimated 15-20% is suitable for lumber.
5. The estimated potential value of DPW and RPD removed
trees is estimated to be between $22,000 and $62,000.
6. Other cities have successfully implemented urban wood
re-use programs that prioritize lumber and serve as
examples for the City of San Francisco.
7. A wood re-use program has the potential to capture a
significant amount of the carbon stored in urban trees
that would otherwise be released into the atmosphere
(as is the case for mulching and composting). More
importantly, wood products can displace products that
are much more carbon intensive.

.J

1 Executive Summary
A comprehensive study was undertaken to understand the
existing state of urban forest wood usage in the City of San
Francisco and make recommendations on how to better align
this process with the following broad sustainability strategies
set forth by the City of San Francisco:
• Better management of urban trees throughout their
entire life cycle and increased awareness amongst San
Francisco residents and local woodworking craftsman
and artists as to the value of urban trees at end-of-life
(EOL) per the Urban Forest Plan (2014)
• Reduction of greenhouse gas (GHG) emissions per the
Climate Action Plan (San Francisco Department of the
Environment, 2004)
• Reduction of materials sent to landfills per the Zero
Waste policy (City of San Francisco, 2002)

These findings reveal that, though the vast majority of urban
wood in San Francisco is successfully diverted from landfills,
opportunities exist to better meet the City’s varies
sustainability goals and maximize higher value uses of the City’s
urban tree wood waste.

The scope of the study is urban trees that have been removed
due to safety concerns, death, disease, vandalism, impact from
a vehicle or other manmade object, severe weather, or
enactment of a tree removal permit. Street trees that are
removed by the San Francisco Department of Public Works
(DPW) and currently make up approximately 16% of San
Francisco’s urban forest are the primary focus of the study.
However, trees maintained by the San Francisco Recreation
and Parks Department (RPD) and which make up approximately
20% of the urban forest are also considered. The proposed
recommendations are still applicable if the scope is expanded
in the future to include trees on private property removed by
private contractors.

Therefore, the following key recommendations are proposed:
1. DPW and RPD should harvest lumber from removed
trees to build support, increase visibility, and display the
potential of a wood re-use program. This process should
begin with a pilot sawmilling program to create roughsawn lumber for City use. The City should create a
consortium of local wood-working craftsman and artists
who will use lumber from removed City trees to create
high-visibility wood products to build support, increase
visibility, and display the potential for a larger scale
wood re-use program.
2. DPW should develop the capability to process and store
wood chips, mulch, and compost created from removed
street trees.
3. Removed urban trees should be assigned an EOL fate
according to the following priority, from highest to
lowest: lumber, logs, wood chips/mulch/compost, and
hog fuel (via Recology).
4. The City should explore the possibility of sharing wood
processing facilities and equipment for street trees
(DPW) and park trees (RPD) to maximize efficiencies,
minimize costs, and create a consistent and cohesive
wood re-use program.

The major findings of this study are:
1. DPW currently chips most Street trees on-site and sends
them to Recology where they are shipped to compost
facilities. Street trees too large to be chipped are hauled
as logs to Recology who sends them to biomass power
plants where they are incinerated to create electricity
for PG&E. DPW purchases wood chips, compost, and
mulch from third-party landscape suppliers.

Presidio Graduate School

3

SF Urban Forest Wood Re-Use Study

Disclaimer this document was prepared by students from Presidio Graduate School and as such the contents do not necessarily reflect the views and policies of the Cily of San francisco,

Recreation and Parks Department (RPD, 131,000 trees or 20%
of the urban forest). DPW is responsible for maintaining and
hence removing all street trees while RPD is responsible for
maintaining and hence removing all trees in City parks.

2 Background
This study is the result of a semester-long Experiential Learning
project by students in the Spring 2014 Operations and
Production course at Presidio Graduate School’s Sustainable
Management MBA program, working with the City of San
Francisco Planning Department.

In late 2013, AECOM produced a financial study for the San
Francisco Planning Department and DPW (AECOM, 2013) which
evaluated the costs and benefits of a comprehensive
municipally-operated street tree program in San Francisco and
assessed potential financing strategies to generate revenue for
such a program. AECOM’s study focused on the financial cost of
a tree through its entire life cycle but did not focus on how the
tree was handled after it was felled and removed from the
urban forest.

2.1 San Francisco Urban Forest Plan
The San Francisco Planning Department and Department of
Public Works (DPW) recently released their Urban Forest Plan
(City of San Francisco, 2014), with the first phase focusing on
street trees. This plan provides the following key
recommendations:
• Maximize the benefits of urban trees
• Grow the street tree population by 50% (50,000 new
street trees)
• Establish and fund a citywide street tree maintenance
program
• Manage trees throughout their entire life-cycle

22 Study Scope and Methodology
This study focuses on assessing current wood processing
operations for street trees (maintained by DPW) and park trees
(maintained by RPD) in the City of San Francisco. However, the
results herein could be relatively straightforwardly expanded to
include trees delivered from private property owners to a Cityowned and maintained wood processing facility. This study
presents recommendations for meeting the Urban Forest Plan’s
goal of maintaining trees throughout their life cycle,
particularly the end of their life cycle. The scope of this study
was to:
1. Ascertain the current process that DPW and RPD use for
handling removed urban trees
2. Evaluate different methods of re-use for removed urban
trees
3. Make recommendations on how to treat removed urban
tress and strategies to implement these practices

The final recommendation is most relevant to this study of
urban wood re-use as it specifically calls attention to the endof-life (EOL) stage of the urban tree. The life cycle stages of an
urban street tree are shown in Figure 1 with phases relevant to
the wood re-use plan are shown in green.
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During their research, the authors conducted interviews with
the following City staff:
• Jon Swae, Planning Department
• Anne Brask, Planning Department
• Carla Short, Urban Forester/Deputy Bureau Manager,
DPW
• Denny Kern, Director of Operations, RPD
• Kelly Cornell, Tree Topper Supervisor, RPD

0

1) iI3AN WCC)P

0 STIll FTTIiEE

In addition, the authors conducted interviews and/or had
personal communication with the following:
• Doug Wildman, Program Director, Friends of the Urban
Forest (FUF)
Scheid, Forestry Assistant II, California
James
•
Department of Forest and Fire Protection (Cal Fire),
Urban Forestry Program
• Ralph Mize, City Arborist, City of San Jose, CA
• Tony Wolcott, Maintenance Supervisor Urban Forester,
City of Albany, CA
• Daniel Gallagher, Senior Forestry Supervisor, City of
Berkeley, CA

Figure 1: Street tree life cycle stages with those most relevant
to this study shown in green. (Credit: modified from the San
Francisco Urban Forest Plan)
The majority of urban trees in San Francisco not on private
property, federal land (e.g. Golden Gate National Recreation
Area), or state land (e.g. San Francisco State University and
University of California San Francisco) are maintained by either
DPW (105,000 trees or 16% of the urban forest) or the
Presidio Graduate School
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•
•

•
•
•

comprehensive
street
municipally-operated
tree
program with Department of Public Works
(San Francisco Recreation and Parks Department, 2013)

Marcus Goodman, Senior Program Specialist, City of
Olympia, WA
Bernie Lenhoff, Operations and Marketing Manager,
Green Waste Recycle Yard, the recycling division of The
Professional Tree Care Company
Blair Glenn, Arborist and Owner of Saratoga Tree
Service, CA
Michael Coonen, Joinery Structures, Oakland, CA
Representatives from Recology

2.4 Current San Francisco Wood Re-Use
Efforts
Since 1932, the City of San Francisco has been in partnership
with Recology, a San Francisco-based resource recovery
company. The City has partnered with Recology in an effort to
lead the nation in diverting material from landfills and
maximizing the use of recycled materials including urban tree
wood. This program has been highly successful and in 2012
reached a landfill diversion rate of 80%, the highest in the
nation (Mayor Lee Announces, 2012).

Fields research was conducted at:
• RPD’s wood processing facility in Golden Gate Park in
San Francisco
• Joinery Structures in Oakland

2.3 San Francisco Sustainability Initiatives

Currently, when a street tree is removed by DPW, the woody
debris (trunk and branches) is either chipped on-site if 12” or
less in diameter or bucked (logs are cut into manageable
sections) on-site. The 12” limitation on the diameter is due to
the capacity of DPW portable wood chippers (an example of
the largest wood chipper model used by DPW is shown in
Figure 14). Both wood chips and logs are then hauled by DPW
to Recology. Recology chips logs with diameter 12” to 24”. All
wood chips
those hauled to Recology by DPW and those
created by Recology join the general compost stream that
Recology collects from San Francisco residents and businesses
and is sent to industrial composting facilities in Northern
California where the resulting compost is sold to farmers,
vintners, and local residents (Howard, 2013). Logs with
diameter greater than 24” join Recology’s stream of non-tree
wood debris (used 2x4s, pallets, plywood, etc.) unsuitable for
composting or mulching due to contamination with toxic
chemicals (paints, pesticides, waterproofing agents, etc.).
These are sent to biomass power plants in the Central Valley
and incinerated to generate electricity for California’s largest
utility, Pacific Gas and Electric (PG&E). DPW currently buys
wood chips, soil, and mulch as needed from landscape
suppliers. Tn 2013, DPW bought 600 yards of wood chips and 25
yards of soil from a landscape supplier (Short, 2014).

The City and County of San Francisco requires City departments
to track and report their greenhouse gas emissions in annual
departmental Climate Action Plans. These plans track vehicle
fuel, building energy usage, water usage, employee practices
related to waste, and purchasing. This process was established
to help departments identify how to improve operations,
reduce their carbon footprint, and address climate change.
Some of the City’s sustainability goals related to this urban
wood re-use study are described below.

—

—

Department of the Environment
• Increase composting to divert solid waste from landfills
• Reduce greenhouse gas (GHG) emissions as follows:
o 25% below 1990 levels by 2017
o 40% below 1990 levels by 2025
o 80% below 1990 levels by 2050
(San Francisco Planning Department, 2010)
DPW
• Reduce C02 emissions from transportation by 963,000
tons annually
• Support transformation of pavement to parks through
the Pavement to Parks program
• Facilitate increased sidewalk landscaping as a means to
increase permeable square footage in the public right-ofway
(San Francisco Department of Public Works, 2013)

RPD currently chips or grinds all trees removed from its
property at its wood processing facility in Golden Gate Park and
either uses the wood chips directly or turns them into compost
or mulch for use within the parks (Kern & Cornell, 2014). An
aerial view of this facility and its location within the City is
shown in Figure 2 and Figure 3, respectively. RPD rarely needs
to buy wood chips, compost, or mulch from landscape suppliers
since its wood processing facility supplies almost all of its needs
(Kern & Cornell, 2014).

Planning Department
• Planning Code Section 138.1 generally requires the
planting of one street tree for every 20 feet of street
frontage on projects that meet the Section 138.1
threshold requirements (San Francisco Planning
Department, 2013)
RPD
•
•

Although this arrangement successfully diverts most EOL urban
trees from landfills, it is not without limitations. The current
system for hauling wood waste to Recology and then in turn to
EOL wood processors is responsible for GHG emissions and
imposes a financial cost on the City. In addition, Recology sells

Maintain 96% green waste diversion rate
Investigate the financing opportunities provided by
incorporation of Recreation and Parks into a

Presidio Graduate School
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Sacramento’s urban forest consists of approximately 115,000
trees, similar to the amount managed by DPW in San Francisco.
An image of their tree canopy coverage is shown in Figure 4.
They have an urban canopy goal supported by the city
government and strong volunteer support. It should be also
noted that even with a successful program, the city continues
to identify room for improvement and is in the process of
overhauling their now outdated program in favor of a more
robust and updated urban forest plan. This plan is set to be
completed by the end of 2014 with the goals of: consolidating
city ordinances regarding urban trees into a single, clear and
concise ordinance and aligning new policies with new
developments, capital improvement projects, streetscapes,
park maintenance, and water and energy conservation
programs. An example of the winning design for the “Capital
Canopy” in Sacramento is shown in Figure 5.

DPW’s and RPD’s wood waste to EOL wood processors who
profit from EOL urban trees that could otherwise benefit the
City of San Francisco. Finally, no lumber is being created.

Figure 2: Aerial view of ‘s wood processing facility in Golden
Gate Park. (Credit: Gao gle Maps)
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Highlighted successful implementation strategies include:
• Regularly scheduled tree maintenance programs
• City wide standards for tree reuse
• Sharing between city departments
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Figure 4: A view of Sacramento’s urban forest. (Credit:

Figure 3: Location of RPD’s wood processing facility in San
Francisco’s Golden Gate Park (red circle). (Credit: Google Maps)
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2.5 Urban Wood Re-Use Case Studies
Wood re-use programs in other cities were investigated in the
course of this study. A few notable examples and highlights
from their efforts are shown below.

Sacramento, CA
Sacramento is recognized by the American Forests Organization
as one of the top 10 best cities for urban forest in the United
States (10 Best Cities for Urban Forests). Sacramento’s current
Urban Forest Management Plan (Wolfe Mason Associates,
1994) has been in place since 1994 and has been widely
regarded as a success. Many of the practices implemented in
Sacramento during the mid-1990s are recommendations that
San Francisco is currently trying to embrace with its own Urban
Forest Plan.
Presidio Graduate School

Figure 5: The winning design for Sacramento’s “Capitol
Canopy”, the urban forest near the California state capitol.
(Credit: atlaslab.netj
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Olympia, WA

Cincinnati, OH

Olympia, a city known for abundant foliage and trees, is
evaluating the use of urban wood for lumber through a Wood
Waste Utilization Report (Roush & Royer, 2002). Of
approximately 50 trees that are taken down a year, half are
used for urban lumber or processed wood. The goals of the
program include achieving artistic, environmental, and
economic gains. Recommended methods of marketing urban
lumber include: offering a Wood Artisans Grant program, public
auctions, use in high school wood shop programs, and retail
sales to support their urban forestry programs. In order to
store their inventory, they have suggested partnering with
additional city departments, specifically the Port of Olympia
which can rent excess capacity. They have also created an
accessible reference list of instructions for regulatory
requirements and private contractors to assist in the
implementation and operations of the program.

Cincinnati’s urban street tree program began in 1981 and
maintains over 80,000 trees. Urban tree utilization operations
started in the late 1990s but the discovery of invasive pests and
tree removals in 2006 spurred a more thorough program
introduction. Cincinnati was successful in implementing an EOL
program for ash trees by using creative and coordinated efforts
between multiple stakeholders. By facilitating a broad alliance
between the city’s urban forestry unit, schools and tech
programs, private tree owners, private mills, and tree services
companies, they have been able to create a useful wood re-use
program and wood products for use within their community.
Highlighted findings and implementation strategies include:
• Creative entrepreneurs necessary for implementation
• Shared resources and coordination necessary (city not
capable of adequately operating its own program)
• Desire to meet LEED certification standards for schools
was an initial driving force for implementation
• Desire to minimize invasive pests another force in
gaining support from mayor
• EOL tree wood products include:
o Cubbies, bookcases, building materials, and pencils
for elementary schools
o Materials for furniture-making at technology high
schools
o Materials for props for local performing arts
schools

Reference: (Roush & Royer, 2002)

Figure 32 in Appendix A illustrates the process flow chart for a
successful and exemplary wood re-use program undertaken by
the City of Cincinnati. Removed park and street trees (and
some trees from private property) are sent to the Cincinnati
Parks Department depot where some are sawed directly by the
city and some sent to a private sawyer for sawmilling. The
sawed logs are then sent to a private furniture woodworker
who purchases the finished lumber and builds cubbies and
bookcases. The finished cubbies and bookcases are then sold to
the Cincinnati Public schools. The school budget pays the
private sawyer and the private furniture company each for the
various stages of wood product.

Figure 6: A view of the Washington state capital building in
Olympia. (Credit: evergreen.edu)

Reference: (WERC, United States Forest Service, 2012)

;.‘‘j

Figure 7: A sketch of the urban forest around Olympia’s HandsOn Children’s Museum. (Credit: visitolympia.com)
Presidio Graduate School
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Along with lumber, Jogs not designated as firewood represent
the highest and best usage of tree wood; the reasons for this
will be discussed in more detail later.

3 Uses of Urban Tree Wood
Ascertaining the effectiveness of an urban wood re-use
program requires a basic understanding of the many uses of
urban tree wood. The most viable options logs, lumber, wood
chips, mulch, compost, biochar, hog fuel, paper products,
engineered wood, and cellulosic ethanol are briefly discussed
below.
—

—

3.1 Viable Options
Iogs
The term “logs” is used here to mean large sections of tree
trunks or large branches that are minimally-processed, i.e.
usually just rough-sawn with a chain saw and perhaps sanded.
Logs can be measured by volume, usually cubic feet (cu-ft.) or
cubic yards (cu-yd.), but also by weight, e.g. pounds, tons, etc.
In the urban setting, Jogs can be used in city parks or
community gardens as barriers, trail markers/boundaries, and
even benches. Figure 8 shows an example of logs being used to
create flower and garden beds as well as partitions and
markers indicating the boundary of San Jose/Guerrero Park in
San Francisco, part of the City’s Pavement to Parks program.

Figure 9: A parkiet from San Francisco’s Pavement to Parks
program showing uses of logs as benches and seats. (Credit:
anzferfarms. blogspot. corn)

Figure 10: Examples of logs cut into “cookies”. (Credit:
starryroadstudio.blogspot. corn)

Lumber

Figure 8: Logs used as barriers and garden/flower beds in San
Jose/Guerrero Park, part of San Francisco’s Pavement to Parks
program. (Credit: throgers atflickr.com)

Lumber is created using a sawmill, often portable such as that
shown in Figure 11, to cut logs into standardized shapes for use
in creating a variety of wood products. Examples of different
cuts of lumber that can be obtained from a log are shown in
Figure 1.

Figure 9 shows an example of a “parklet” (also part of San
Francisco’s Pavement to Parks program where street parking
spaces are converted into spaces for pedestrians), which
contains logs (processed to varying degrees) used for benches
or seats.

Lumber that is freshly cut and so has relatively high moisture
content is called “green lumber”. Though some craftsmen
prefer to work with green lumber, most lumber is either airdried or dried in a kiln before being worked. This drying process
usually increases the value of the lumber. Lumber is commonly
measured using a board-foot (bf), a rectangular volume with
height of one inch and length and width each of one foot. A
typical urban street tree suitable for lumber might yield 30 bf
of lumber whereas a large park tree might yield 150 bf. Tree
diameters are typically measured using the diameter at breast
height, DBH, or 4.5 feet above the ground. Another common

Another use of logs is to cut them into thin “cookies” as shown
in Figure 10. These can be used, for example, as walkways in
gardens. Logs can be used in art projects or donated to schools
where students can use them to practice the basics of
woodworking without wasting high-quality wood or lumber.
Finally, logs can be cut into firewood.

Presidio Graduate School
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Lumber can be divided into two general types: rough-sawn
lumber that is used in construction and which carries structural
loads such as the familiar 2x4, and finished lumber used in
furniture, flooring, and other woodworking crafts. Structural
lumber requires significant quality control and must be
professionally graded. Hence this type of lumber is not usually
pursued in urban tree wood re-use programs.

measurement is diameter inside bark, DIB. Generally, trees
need to have a DBH of at least 12” to be useful as lumber and
ideally at least 6’ long.

Lumber used in furniture and other woodworking crafts is a
more common usage of urban tree wood because there are
little concerns about verifying structural integrity of the wood
and because many buyers of such products desire wood that
would otherwise be considered defective due to the presence
of knots, splits, or unusual shapes. An example of such unique
furniture made from urban trees is shown in Figure 13. Many
types of wood can be used as lumber, but unfortunately most
street trees in San Francisco are species that are not ideal as
lumber.
More details about harvesting urban trees for lumber can be
found in the references “Harvesting Urban Timber” (Sherrill,
2003), “California Urban Woody Green Waste Utilization”
(Plumb, Wolf, & Shelly, 1999), and “Recycling Municipal Trees”
(Cesa, Knotss, & Lempicki, 2003).

Figure 13: Example of distinctive urban tree wood turned into
lumberforfurniture. (Credit: urbanhardwoods. corn)

Figure 12: Log showing different types of lumber cuts. (Credit:
www. vincentkohier. ch)

Wood Chips, Mulch, and Compost
Only part of the total volume of wood in a tree can be turned
into lumber, usually just the trunk from the base to the first
large branch. This section is called the “bole”. Though it varies
depending on the dimensions of the log, type and quality of
wood, sawmill being used, and skill of the sawyer (operator of
the sawmill), approximately 50% of a log can be turned into
lumber (the rest becomes wood chips, sawdust, and shavings)
(Fonseca, pp. 131-132). However, for urban trees that are at or
near the end of their life, this percentage may be lower due to
defects and/or rot. Urban lumber may also contain metal, e.g.
nails, which must be removed or they can result in damage to
the sawmill and risk the safety of the operators.

Presidio Graduate School

Most urban trees are chipped in a wood chipper or grinded in a
tub grinder when removed (a tub grinder is more commonly
used for non-tree wood waste). Figure 14 shows an example of
a portable wood chipper similar to those used in many urban
forestry projects. Figure 15 shows a tub grinder.
Normally, the trunk, branches, and leaves are all chipped
together making this process relatively easy though it results in
a mix of “woody debris” that usually needs to be sorted. Wood
chips are then either landfilled or sorted via an industrial wood
screener which separates the chips by size from smallest
(“fines”), to those desired (“accepts”), to largest (“overs”); see
Figure 16 for examples of these sizes.
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chips, however, can also be used as surfacing material for
playgrounds, trails, etc.

Figure 14: Example of a wood chipper (Bandit 250XP). Tree
debris is inserted into the chipperfrom the right side and wood
chips are ejected at the left. DPW owns this model of chipper.
(Credit: MachineryTrader YouTube video screenshot)
used as a freeway noise barrier in
Figure ..: Example i
latimes.com)
(Credit:
CA.
Beach,
Long
,..,,

When fines from the wood screening process are used as a
bulking agent to be mixed with sand and nitrogen-rich organic
materials such as food waste or manure and then allowed to
decay, nutrient-rich compost is created which can be used as a
soil amendment
All remaining EOL tree wood options that follow are essentially
different fates for wood chips. Therefore, it is important to
realize that that the screening process is necessary to realize
the full potential of urban tree wood beyond logs and lumber.

Figure 15: Example of a tub grinder (Morbark 1600). Wood is
dumped into the tub in the middle of the grinder using afront
loader or crane and the ground wood is conveyed out one end
as shown on the right side of the image. RPD owns a model
similar to this. (Credit: lincom.com.au)

Biochar
Biochar, shown in Figure 18, is created by pyrolysis of wood
chips. Pyrolysis is thermal decomposition (“burning”) without
oxygen. (In fact, in a normal wood fire, pyrolysis takes place on
and near the surface of the wood where oxygen cannot
penetrate.) The result of pyrolysis is three by-products: a solid
“char” with high-carbon content, a liquid bio-oil, and gaseous
syngas. The amount of each by-product depends on the exact
temperature at which pyrolysis occurs.

Overs

I

P

When the char is mixed with compost or soil and buried it is
known as “biochar”. Biochar has been produced for thousands
of years by pre-Columbian peoples in the Amazon and has been
shown to increase the fertility of soil. However, it has only
recently gained attention in the developed world in light of
climate change because of its ability to sequester carbon. The
form of carbon stored in biochar is very stable, and hence
biochar buried underground has potential to sequester carbon
for centuries or even millennia. However, the ability of biochar
to amend soil and sequester carbon is still an active area of
research. An article in PLOS ONE published in late 2013, “A
Systematic Review of Biochar Research, with a Focus on Its
Stability in situ and Its Promise as a Climate Mitigation
Strategy” (Gurwick, Moore, Kelly, & Elias, 2013), gives a good
summary of the current state of biochar research.

[IS

Figure 16: Different sizes of wood chips arid the associated
screen size used to obtain them. (Credit: terrosource.com)
Wood chips can be used directly, or allowed to partially decay
into mulch. Both products are used in gardening/landscaping to
provide more or less the same way: as a ground dressing to
retain soil moisture, control weed growth, and increase
aesthetic appeal. A novel use of mulch is shown in Figure 17
where the City of Long Beach, CA created a 600-foot long wall
of mulch as a freeway sound barrier (Bradley, 2013). Wood
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nearby farmers who mix it with compost and apply it to their
crops.
Finally, biochar has uses beyond that of a soil amendment.
Examples include building insulation, water filtration, soil
decontamination, mattress and pillow filling, and fabric
additive to provide better thermal and breathing properties
while reducing the development of odors (Schmidt).

I

Figure 18: Biochar (right) resulting from the pyrolysis of wood
chips (left). (Credit: Out of Ashes BioEnergy Facebook)
Though the biochar itself has received much attention, the by
products are also important for their ability to produce
renewable fuels. Bio-oil, shown in Figure 19, has a relatively
low energy content compared to petroleum fuels but can be
burned in a power plant to produce electricity or steam. It
requires further refinement to use as an alternative fuel in
vehicles and this process has so far not been practical but
remains an active area of research.

Figure 20:1 .,.,..jiix E,...
.J power plant in Merced, CA
which burns syngas from pyrolysis of pallet wood and creates
biochar to sell to nearby farmers. (Credit: biochar
intern ational.org)
,

.

Hog Fuel
Hog fuel is simply a term for wood chips that are incinerated to
produce electricity or steam in a biomass power plant.
California has more biomass power plants than any other state,
many of which are in the Central Valley (“California Biomass
Power Map”, 2014). Many of these plants burn other forms of
biomass besides wood, e.g. agricultural residue and municipal
solid waste. Hog fuel is particularly useful for wood
contaminated with chemicals (paint, waterproofing agents,
etc.) that cannot be used as lumber, mulch, compost, etc. An
example of biomass power plant that uses hog fuel is shown in
Figure 21. This particular power plant is in Woodland, CA and
generates 29 MW of electricity for PG&E. Recology, San
Francisco’s resource recovery contractor, sends all wood waste
as hog fuel to this plant or a 25 MW biomass power plant in
Tracy, CA (“Xmas Trees into Biofuel”, 2011).

Figure 19: An example of bio-oil produced during wood
pyrolysis. (Credit: honeywellnow.com)

Paper Products

Syngas, however, has found much more success as a fuel
source for power plants. Though the technology is still
immature and at a relatively small scale, small power plants
that burn syngas produced from pyrolysis of wood are in
existence. An example of such a plant is shown in Figure 20.
This plant is in California’s Central Valley and is surrounded by
agricultural lands. The plant provides power to a shipping pallet
and crate refurbishing business using the company’s old or
damaged palettes as fuel. The resulting biochar is sold to

Presidio Graduate School
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Wood chips, combined with sawdust, can be either
mechanically or chemically pulped to create paper products in
a paper mill. Bark is not acceptable for paper products and
hence logs must be debarked before being chipped. Most
paper products also use bleach to whiten the pulp (which is
inherently dark). The pulping process uses a large amount of
energy and water and as a result creates a lot of pollution.
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of such a plant that uses agricultural residue as feedstock
(which will eventually be expanded to include wood waste) and
is capable of producing 25 million gallons of cellulosic ethanol
annually. The production of cellulosic ethanol remains an active
area of research.

Figure 21:29 MW Biomass power plant in Woodland, CA that
uses hog fuelfrom urban wood waste. (Credit: calbiomass.org)

Engineered Wood
Engineered wood is a composite material made from small
wood chips and sawdust mixed with adhesives and binding
agents. These products meet rigorous standards for size and
consistency and are relatively cheap. The most well known
types of engineered wood are particleboard, shown in Figure
22, and plywood.

..—

..,

Figure 23: Cellulosic ethanol plant in Hugoton, Kansas, one of

the first such commercial plants in the country. (Credit:
nature, cam)
Cellulosic ethanol holds promise as a sustainable alternative to
petroleum-based fuels since it does not compete with food
sources like grain- or sugar-based ethanol and is both more
energy-dense and creates less GHGs than traditional ethanol.
However, concerns have been raised over pollution (Lee J.-Y.
2008) as well as the use of genetically engineered organisms
(Menetrez, 2010).

3.2 Process Diagram
The processes used in the production of the previously
mentioned options for urban tree re-use are shown in Figure
24. Note that this diagram is in the context of the City of San
Francisco and the recommendations made in Section 6. For
example, some cities may choose to hire a tree removal
contractor to remove trees rather than use the City’s urban
forestry resources. Also note that the process diagram assumes
all sawmilling is done by the City and not a third-party sawyer.
If the latter were to be the case, then a transport step would
need to be needed before the sawmilling process.

Figure 22: Examples of particle board, one type of engineered

wood. (Credit: en. wikipedia. org)

Cellulosic Ethanol

3.3 Comparison and Elimination of Options

Cellulosic ethanol is ethanol made from cellulosic plant
material, i.e. the wood, leaves, stems, and stalks of plants. Like
the well-known variants of ethanol made from grains (starch)
and sugars (beets and sugarcane), cellulosic ethanol is made
from the fermentation of sugar by yeast microorganisms.
However, unlike the source materials for the other forms of
ethanol, which can be economically broken down into sugars
via mature technology, cellulose is not easily broken down into
sugars. As a result, there are only a handful of commercial
cellulosic ethanol plants in the United States (as of 2014) and
all depend on significant federal government subsidies to be
financially viable (Peplow, 2014). Figure 23 shows an example
Presidio Graduate School

Section 3.1 listed all viable options for urban tree wood re-use
and Section 3.2 showed the processes that must occur for
these to be realized. Yet many of these EOL products and their
necessary processes would not yield maximum value to the City
of San Francisco and its residents and hence can be eliminated
from consideration. Such elimination requires a clear definition
of “value”.
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Ovals indicate processes
• Rectangles indicate materials
• Yellow indicates relevant EO1 wood products
• Abbreviations:
GHG = greenhouse gas emissions
P = pollution
F/E =fueland/orenergy
Dashed lines indicate processes and materials not
recommended but shown for completeness
• Transport process indicates transport out of the
city (transport within the city is not shown)
t Contaminated wood contains toxic chemicals
(paint, waterproofing chemicals, chemicals to
prevent rot, etc.) and is thus only suitable as hog
fuel. This normally only occurs when non-tree
wood waste is used.

Figure 24: Process diagram showing all viable options for an urban tree wood re-use program in San Francisco.
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Process Diagram for San Francisco
Urban Tree Wood Re-Use

•

Scope
Before doing this, it is important to clarify that, per the Urban
Forest Plan, urban trees provide the greatest value to the City
and its residents when they are alive and thriving. Any
discussion of their EOL potential is always trumped by this fact.
EOL uses only become relevant when one of the following
conditions apply to an urban tree:
• It has either already fallen or is an imminent risk of
falling due to
Severe weather damage
Impact from a vehicle or other manmade object
Vandalism
Death
Disease
• It has been slated for removal via a tree removal permit

•

•

Decomposition in/on the soil of litter fall/detritus
(fallen leaves, branches, etc.) and entire tree at death
Consumption by herbivores or omnivores who release
the carbon into the atmosphere via animal respiration,
feces, and decomposition at death (note that the
carbon contained in herbivores or omnivores that are
eaten by carnivores is still ultimately released to the
atmosphere via carnivore respiration, feces, and
decomposition at death)
Combustion by natural or manmade fires

-

Animal respiration and decomposition together are termed
heterotrophic respiration and account for 46% of the carbon
flow back into the atmosphere. Combustion, both manmade
and natural, accounts for another 3%. The remaining 1% is
either exported from the soil to rivers where it enters the
oceanic carbon cycle, or stored as fossil fuels via fossilization of
animal and plant remains.

-

-

-

-

Defining Value
Assuming one of these conditions has been met, the value of
an EOL product is increased by the following:
• Minimizing GHG emissions and pollution over the entire
life cycle of the wood product from processing to usage
to disposal
• Minimizing waste sent to landfill
Using the EOL product within the City in a way that
benefits as many residents and/or City employees as
possible
• Reducing processing and distribution costs
• Raising awareness amongst San Francisco residents and
local craftsman and artists as to the value of urban wood
at EOL and recognizing it as an asset in its own right
• If the legal barriers discussed in Section 7 are overcome
and EOL wood products are sold to third parties,
maximizing revenue from such sales

Photosynthesis (100%)

Having defined the concept of value, the options laid out in
Section 3.1 can be compared and many options eliminated
from consideration for a tree wood re-use program in San
Francisco based on their value.

Figure 25: Terrestrial carbon cycle. Thick orange lines and solid

black lines indicate primary and secondary processes,
respectively, which account for 99% of terrestrial carbon flow.
The remaining 1% of carbon flow is accounted for by the dotted
black lines: export of carbon from soil to rivers (where it enters
the oceanic carbon cycle) and fossilization of animal and plant
remains asfossilfuels. Based on data from (Prentice, et al.,

GHG Emissions
To understand how GHG5 relate to EOL wood re-use options,
it’s important to understand the terrestrial carbon cycle. A
comprehensive explanation of this process can be found in
“The Carbon Cycle and Atmospheric Carbon Dioxide” (Prentice,
et al., 2001, p. 191) and is summarized here; see Figure 25. A
tree, like any autotroph (plant), fixes carbon (in the form of
) from the atmosphere via photosynthesis. Averaged over
2
C0
time and across the planet (over all different ecosystems),
approximately half of this amount of carbon is simultaneously
released back to the atmosphere via plant (autotrophic)
respiration .The remaining half is stored as tree biomass (wood,
leaves, and roots) but is eventually almost entirely released
back into the atmosphere over the course of the tree’s life
cycle by three paths:
Presidio Graduate School

2001).

A couple of points to note:
• These percentages come from broad generalizations and
averaging. In actuality, these amounts vary significantly
by season, species, ecosystem, and manmade or natural
disturbances such as insect/disease outbreak, harvest of
crops or timber, etc.
• The decomposition process occurs on widely varying
time scales from a few years or less for leaf litter to
centuries or even millennia for tree logs that exist in soils
with low moisture and temperatures.
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those options already included in Section 3.1 were eliminated
for the sake of simplicity. Wood pellet stoves were eliminated
because there is assumed to be little demand for them in San
Francisco given the mild climate and strict air regulations. Note
that the same reasoning can be used to exclude firewood that
was included. However, firewood was included as a reference
because it is used in many urban wood re-use programs in
other cities.

The primary path by which the carbon stored in urban trees is
returned to the atmosphere is through decomposition,
whether the final product is logs, lumber, wood chips, mulch,
or compost. In fact, any mechanical processing (sawing,
chipping, grinding, etc.) of trees is effectively the first step in
decomposition with logs contributing the least followed by
lumber, wood chips, mulch (whose creation best simulates the
natural decomposition process), and finally compost which is in
fact accelerated decomposition. Another way of framing this is
that those methods which slow down the decomposition
process the most also delay the release of carbon back to the
atmosphere. If one considers lumber, then clearly this EOL
product sequesters carbon for the longest since it can avoid
decay for a century and often much longer.

The gross (total) system GHG emissions for each EOL fate are
shown in Figure 26. The total has also been broken into four
process steps: pre-processing, processing, distribution, and
use/disposal. The interested reader is advised to review the
reference to understand the methodology and assumptions
behind the results.

However, there are two other complicating factors in
determining the total GHG emissions of EOL wood products: 1)
GHG emissions are increased the more trees and EOL wood
products are transported and processed, and 2) the GHG
emissions of the product and processes which the EOL wood
product is displacing must be considered. Both of these factors
must be considered to determine the net carbon emissions as
required of a true GHG life cycle assessment (LCA) of EOL wood
products.

The following conclusions can be made from the data in Figure
26 and the details of the report:
• The lowest gross system GHG emissions result from
biochar and the highest from firewood and cellulosic
ethanol.
• The contribution from the distribution step is negligible
for all EOL fates except from firewood where it is still
insignificant. For all EOL fates, the LCA assumed 50
miles of transport from the site of the wood chips to
the processing site and 100 miles from the processing
site to place of usage (these are reasonable estimates
for the San Francisco Bay Area).
• The pre-processing and processing steps are the largest
contributor for those EOL fates which involve significant
industrial facilities: biochar, paper and paperboard, and
cellulosic ethanol. The pre-processing and processing
steps were negligible for those EOL fates, which use a
natural/raw product: mulch, compost, firewood, and
hog fuel.

Such a GHG LCA was performed by the Stockholm Environment
Institute (SEI) and is documented in “Greenhouse Gas and Air
Pollutant Emissions of Alternatives for Woody Biomass
Residues” (Lee, Erickson, Lazarus, & Smith, “Greenhouse Gas
and Air Pollutant Emissions”, 2010). The analysis was intended
to be used in the Pacific Northwest to help guide policy to
reduce the environmental impact of forestry practices. It
assumes the life cycle begins with a pile of wood chips and
hence does not account for the environmental impacts of
growing and harvesting the wood. However, this is the ideal
case for urban wood (which is only removed out of necessity as
described previously) and hence harvesting contributions are
irrelevant to any decision-making process on how best to use
the wood. Note that the fact that the LCA begins with the
existence of wood chips excludes, by definition, logs and
lumber form consideration. Engineering wood was also
excluded from the LCA due to the complexity of the process.
For this same reason, this study eliminates engineered wood as
an option for a San Francisco tree wood re-use program. The
use of wood chips directly was also not included in the LCA,
though such results would be similar to mulch.

It is tempting to, at this point, rate the EOL fates by their
system GHG emissions. However, as discussed previously, a
true comparison must also factor in GHG emissions from the
materials and processes displaced by the indicated EOL fate.
Assuming fixed market demand, then the introduction of the
new EOL wood product from urban trees (or, in the case of the
report, debris from harvesting timber) means that the amount
of the EOL wood product generated from other previouslyexisting sources must either be reduced or diverted for to an
alternative uses. Using a calculator (an Excel spreadsheet)
provided by the authors of the SEI report (Lee, Erickson,
Lazarus, & Smith, “SEI Calculator Version 7.0”, 2010), the
following displaced products and processes were assumed:
• Mulch: displaces existing mulch which is used instead
as compost
• Compost: displaces existing wood chips which are used
instead as mulch
• Biochar: reduces existing electricity generated from
natural gas

The LCA included EOL wood re-use options not considered in
Section 3.1, specifically, decomposition on-site, combustion onsite, two types of wood pellet stoves; ethanol produced via
gasification, and several different industrial incineration
processes. However, decomposition and combustion on-site
were excluded from this study because they are clearly not
options in an urban setting (unlike in a timber operation in a
forest setting where these options are commonly exercised).
The variations on incineration and ethanol production beyond
Presidio Graduate School
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Figure 26: Gross systems emissions by EQL fate and process Ste p. Process steps are indicated by color per the inset key. Modified
from (Lee, Erickson, Lazarus, & Smith, “Greenhouse Gas and Air Pollutant Emissions’ 2010).
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Figure 27: Net systems emissions by EQL fate. Net emissions are gross emissions minus displaced emissions. Error bars indicate high
and low estimates. Modifiedfrom (Lee, Erickson, Lazarus, & Smith, “Greenhouse Gas and Air Pollutant Emissions’ 2010).
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program with very small numbers of trees of varying species is
low.

Firewood: displaces existing firewood which is then
allowed to decompose on-site
Hog fuel: reduces existing heat generated by a natural
gas boiler
Paper and paperboard: reduces existing pulp and
electricity needed to produce it
Cellulosic ethanol: reduces existing gasoline and
electricity needed to produce it

Elimination of EOL Wood Products
Form the previous discussions, the following options can be
eliminated from a potential urban tree wood re-use program in
San Francisco:
• Engineering wood
• Firewood
• Cellulosic ethanol
• Paper and paperboard
• (Biochar)

The net emissions that result from applying the above
displacements are shown in Figure 27 (error bars indicate high
and low estimates). There is little change in GHG emissions
from mulch and compost since each is assumed to displace the
other and they have similar gross GHG emissions. However,
GHG emissions are significantly reduced when the EOL fate
displaces the use of fossil fuels, as was the case for biochar, hog
fuel, paper and paperboard, and cellulosic ethanol. When
considering the error bars, hog fuel, biochar, paper and
paperboard, and cellulosic ethanol all have approximately the
same GHG emissions, which are also the lowest.

Though biochar has been eliminated, it is in parenthesis to
indicate that it has potential in the near future to be a valuable
EOL fate for a San Francisco wood re-use program. However,
since it is an active area of research and the technology
immature, it is not a practical use of tree wood at this time.
Finally, note that it has been implicitly assumed throughout this
study that landfill is an unacceptable EOL fate for urban trees
and hence it is also eliminated as an option.

In conclusion, the GHG LCA analysis in the SEI report indicates
that, assuming the assumptions on displaced emissions are
accurate, the most industrialized EOL fates will have the
greatest reduction in GHG emissions since they are the ones
that offset usage of fossil fuels. However, though GHG
emissions are an important component of determining an EOL
wood product’s value, the number of urban trees that are
removed every year are so small (see Section 5.2) that their net
impact on the City’s overall GHG emissions will be small.
Therefore, other components in the definition of EOL wood
product value need to be considered.

Organizing the remaining EOL wood products by their expected
value, from highest to lowest, results in the following:
• Lumber
• Logs
• Wood chips, mulch, compost
• Hogfuel
In other words, removed trees should be designated for the
EOL fate highest on this list as possible. Note that, with the
exception of hog fuel, this order reflects the level of
decomposition of wood from least to greatest. Hog fuel is
included primarily as a “last resort” as it is the only way to
dispose of wood that is contaminated yet still obtains some
value (especially when it is offsetting fossil fuels).

Raise Awareness, Stay Local, and Minimize Cost
EOL wood products that result in heavy processing of trees to
the point that they no longer are recognizable as a wood
biochar, paper and paperboard, and cellulosic
product
ethanol have low value in terms of raising awareness of urban
tree wood. The connection between these EOL products and its
raw material is analogous to that between heavily processed
food bought in a grocery store and the plants and animals from
which they originate. In both cases, a connection between the
natural materials and the final product is lost.
—

Though it is more costly to process than the other EOL fates,
lumber has the most applications, has the lowest gross GHG
emissions, creates a visible and obvious connection between
the San Francisco community and one of the City’s overlooked
assets, and has the potential to create the greatest revenue
stream if sold (see Section 5.3 for the potential value of lumber
and Section 7 for barriers to selling urban tree wood). Logs are
nearly as effective at minimizing GHG emissions, also create a
connection between the community and urban trees at EOL,
and are cheap to process, but they have less applications and
hence less demand as well as much less potential to create
revenue. Keep in mind that logs and lumber can never fully
utilize all the wood in a tree so trees designed for either will
also provide wood chips and sawdust (sawdust can be used as
compost).

—

These three EOL wood products also require transporting tree
wood long distances since there are few, if any, local
processing facilities. Since there will be such low volume of
product (see Section 5.2), this is not financially feasible.
Further, sending the EOL wood product so far away violates the
principle of keeping the final product local.
Lastly, facilities for creating cellulosic ethanol and biochar are
very limited and the technology immature. The likelihood of
these facilities working with an urban tree wood re-use

Presidio Graduate School

Wood chips are integral to any wood re-use program because,
as mentioned in Section 3.1, chipping is a necessary step in
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almost every other EOL wood use. Further, the equipment,
resources, and know-how needed to expand from wood chips
to compost and certainly mulch are minimal. Thus, it is
appropriate to think of all three of these EOL wood products as
complimentary and best utilized together as a single entity.
Though lumber should be the priority and centerpiece of a San
Francisco tree wood re-use program, only a small percent of
EOL tree wood, currently estimated to be approximately 1020%, will be suitable as such (see Section 5.2). Hence, wood
chips, mulch, and compost will be the foundation of a wood re
use program.

Presidio Graduate School
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Figure 28: Key stakeholders for an urban wood re-use program in San Francisco. (Credit: text2mindmap.com)

San Francisco Department of Public Works (DPW)
DPW will be on the front line of the changes that this program
will enact. Per the Urban Forest Plan, DPW will be claiming
responsibility of all Street trees in San Francisco. Currently,
approximately 60% of Street trees have had their maintenance
and removal transferred to private property owners. Once the
program is implemented, DPW tree crews will need to be
trained in wood re-use processing practices. Some of the
recommended changes may increase the processing time of
tree maintenance tasks. DPW’s budget may also be impacted
for implementing the urban wood re-use program.

4 Stakeholders
A San Francisco urban tree wood re-use program will have
many stakeholders who manage, maintain, implement and
oversee, and ultimately benefit from its presence within the
City. Figure 28 shows these key stakeholders.

General Public
The general public is the primary beneficiary and financial

supporter of the urban forest. Numerous benefits for City
residents and property owners will be shared with the
continued growth of the urban forest; economic values of
property rise cleaner air quality, and a better connection with
nature. The San Francisco community has always been a stanch
advocate for their urban forests. Implementing an urban wood
re-use program that would demonstrate that the City is
achieving the highest use for the tree at the end of its life
would greatly comfort many citizens when their beloved trees
are forced to come down. Time and resources will be needed
to educate the public and garner their support for the program.

San Francisco Recreation and Parks Department (RPD)
RPD provides a model example of a full-circle urban wood re
use program. With regards to using wood chips for mulch and
compost, they have best practices and lessons-learned that
provide a valuable resource for DPW. Their tree-processing

yard also provides valuable space and equipment that could be
shared with DPW (and possibly other departments).
Unfortunately, barriers exist which may make such sharing
difficult. To implement all of the recommendations from this
study, RPD would see their current operation volume increase,
and staffing and budgetary impacts would need to be
addressed.

City of San Francisco
San Francisco Planning Department
The Planning Department will be responsible for helping create
the vision and implementation for an urban wood re-use
program. Further research, data gathering and creating
dialogues among all the different stakeholders to keep them
engaged in the process will increase the workload of the
Planning Department.

Presidio Graduate School

San Francisco Urban Forestry Council
The Urban Forestry Council is a task force consisting of
representatives from City departments directly involved in the
urban forest (RPD, DPW, Department of the Environment, etc.)
as well as members from non-profits such as Friends of the
Urban Forest and arborists. “The Urban Forestry Council
advises City departments, including the Board of Supervisors
SF Urban Forest Wood Re-Use Study
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Forest About Us). FUF is a strong advocate for the City of San
Francisco and its urban forestry programs.

and the mayor. Its tasks are to develop a comprehensive urban
forest plan; educate the public; develop tree-care standards;
identify funding needs, staffing needs, and opportunities for
urban forest programs; secure adequate resources for urban
forest programs; facilitate coordination of tree-management
responsibilities among agencies; and report on the state of the
urban forest” (Urban Forestry Council). With members from
many of the different stakeholders shown in Figure 28, the
Urban Forestry Council will be responsible for helping advance
and promote a future urban wood re-use program.

-

Labor Unions
The labor unions that are involved with DPW’s tree crew team
and heavy equipment operators may have to be involved if any
significant changes are proposed to their job duties, or if any
outside contractor is hired for the processing of urban wood
waste.

Arborists & Tree Removers

San Francisco Office of the City Attorney
Policy and legal implications for implementing urban wood re
use may require time and effort from the Office of the City
Attorney.

The arborists and tree removers who work for DPW and RPD
will be affected by an urban wood re-use program. They will
need to be taught new procedures on how to evaluate and
process street trees that are felled. Private arborists and tree
removal companies would also be a stakeholder to consider for
expanding the program beyond just DPW and RPD trees.

Department of the Environment
The Department of the Environment will be able to record the
carbon sequestration from higher end-use of urban wood, and
reductions in operational emissions from the decrease of
Recology trucks hauling of urban wood waste out of the City to
their facilities. In addition, the Department can help identify
funding and quantify the program’s contribution to meeting
the City’s zero waste goals.

Landscape Suppliers
DPW currently buys significant amounts of wood chips and soil
from third-party landscape suppliers. In addition, many
residents, businesses, and City agencies do the same for
landscaping projects, urban gardens, etc. A cost savings to the
City of San Francisco would be realized by increasing the supply

of wood chips, mulch, and compost by chipping street trees.
Note that the wood chip, mulch, and compost created from
RPD’s wood re-use operation are highly regarded by their
landscapers and the demand for their product has grown.

California State Agencies
CalRecycle
CalRecycle has been tasked with overseeing a $30 million
program to provide grants for reducing greenhouse gas
emissions in California by developing infrastructure that
reduces waste. Green material is one of the key items on their
list of priorities. They are a potential funding source for the
urban wood re-use program (Cal Recycle, 2013).

Woodworkers
Local craftsmen, millers (sawyers), and artists have expressed
strong interest in working with local wood. Many artists value
its uniqueness while other wood workers value the economic
value of some of the lumber that can be milled from urban
trees. For example, black walnut trees can fetch up $14 per
board foot. It would be invaluable to create a network, or list,
of local craftsmen, sawyers, and artists that specialize in using
wood from San Francisco trees and would be willing to
participate in the program. Property owners could also utilize
this list when they need to remove a tree that is under their
custody or would like to create a piece of furniture, for
example, from a prized tree on their property that must be
removed or has fallen down.

Cal Fire
Cal Fire loans out portable mill stations for California cities to
use for 6-24 months for no-charge. If a special project,
temporary pilot milling initiative, or natural occurrence came
along and extra capacity for milling was needed, Cal Fire would
be a resource that could be utilized to provide it.

EOL Wood Processors
If the recommendations of this study are implemented, EOL
wood processors will see a change in the amount of urban
wood they receive. With DPW processing and re-using urban
street tree waste within City limits, Recology will be impacted
as will the local biomass and composting facilities that Recology
uses to dispose of San Francisco’s green waste.

Friends of the Urban Forest
Friends of the Urban Forest (FUF) is a non-profit that partners
with DPW to continue the growth and development of San
Francisco’s urban forest. They are responsible for planting
47,000 trees in San Francisco since 1981 (Friends of the Urban
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urban trees, this indicates roughly 0.15% of street trees are
removed per year.

5 Valuation and Cost Analysis
In order to make recommendations on a wood re-use program
for San Francisco, this study examined the budgetary
implications of such a program.

250
225

-

200j

5.1 Considered Options

175

With many of the EOL wood product options eliminated in
Section 3.3, the remaining options can be classified into two
categories that require, more or less, different resources:
lumber (sawmilling) and wood chips, mulch, and compost
(chipping/grinding, screening, and turning compost). These two
categories can be broken down further into two subcategories:
internal (operated by the City) and external (operated by a
contractor). An internal program could be run by sharing
resources between DPW and RPD or having separate resources.
An external sawmilling program could employ contractors to
perform both the felling and sawmilling or DPW could fell the
trees and have a contractor remove them. These options can
be summarized below:
• Lumber
o Internal
Shared DPW and RPD facility
Separate DPW and RPD facilities
o External
Contractor fells and mills
DPW fells, contractors mills
• Wood Chips, Mulch, and Compost
o Internal
Shared DPW and RPD facility
Separate DPW and RPD facilities
o External
Recology processes wood (status quo)

--
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Figure 29: Street trees removed per year by DPW.

The analysis performed for this study uses the high and low
numbers from the past 4 years as bounds with an extra
approximately 100 trees added to the high number (for a total
high of 300 trees/yr) to account for upcoming large
development projects such as Van Ness bus rapid transit (BRT)
which could remove up to 102 trees (BMS Design Group, May
13, 2013, p. 6). Assuming the same percentage of trees are
removed in 20 years, then an average of 232 trees/yr, a low of
177 trees/yr, and a high of 450 trees/yr will be removed in
2034.

-

-

-

-

-

Street trees exist in an often harsh environment (limited ability
to grow, exposure to pollution, etc.), which is not ideal for tree
growth. With this in mind, this study makes a low estimate that
approximately 10% of removed street trees are suitable for
lumber and a high estimate of 15%. Assuming these trees yield,
on average, a log with 12” DIB and 6’ length, this corresponds
to 32 bf/tree using the International Rule for measuring lumber
volume from a tree’s dimensions. It’s assumed that another
10% of removed street trees will be turned into logs or will not
suitable for any purpose but hog fuel. Thus, 75-80% of removed
street trees would be turned into wood chips, mulch, or
compost. This study assumes that average street tree that is
chipped yields approximately 1 cu-yd of wood chips that can be
used either as wood chips directly or turned into mulch or
compost.

-

-

A cost analysis is needed to help determine the best option for
the City of San Francisco. However, before doing that, it’s
useful to understand how much “product” (EOL trees) these
facilities would have to process and how much value the wood
has.

5.2 Demand Forecast
Street Trees (DPW)
DPW is currently responsible for 40,000 streets trees. There are
an additional 65,000 whose responsibility has been
relinquished to property owners. As part of the Urban Forest
Plan, the City expects to take back maintenance of these
65,000 trees as well as plant an additional 50,000 trees in the
next 20 years. That brings the total to 155,000 street trees by
2034, or an average growth rate of 2,500 trees/yr.

By 2034, it is assumed that implementation of the Urban Forest
Plan will have increased the yield of lumber due to better tree
maintenance during the tree’s life. For this study, therefore,
the low estimate for amount of wood suitable for lumber was
kept at 10% for 2034 but the high was raised to 20%. The same
estimation was made for 2034 as for 2014 regarding the
number of removed trees that are only suitable as hog fuel
(10%). This means that 70-80% of removed street trees would
be turned into wood chips, mulch, or compost in 2034.

Of the total number of street trees in San Francisco, data from
the past 4 years shows an average of 164 trees are removed
per year with a high of 204 trees and a low of 118 trees (Short).
This data is shown in Figure 29. Based on the total number of
Presidio Graduate School
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Department, 2006). This plan is intended to remove non-native
trees from park lands designated as “natural areas” and replant
them with native vegetation that will include fewer trees. This
program is expected to remove 21,400 trees over 20 years
(“Natural Areas FAQ’), or 1,070 trees/yr on average, an
enormous amount that will multiple the number of trees
processed by RPD by approximately three times. However, the
program is controversial and there are concerns it may be
significantly modified. Hence, this study assumed a low
estimate of 200 extra removed park trees per year due to this
program and a high estimate of 1070. Note that these are
added onto the nominal expected removed trees.

Note that the forecast here does not include the possibility that
the City could create a program to receive urban tree wood
from private property owners; this has the potential to greatly
increase the amount of wood processed.

Park Trees (RPD)
Per the Urban Forest Plan, City parks contain approximately
131,000 trees, or approximately 25% more trees than on the
streets. The Urban Forest Plan indicates that the number of
park trees wiii not change significantly. Park lands already have
some of the highest canopy coverage of any areas in the City
and RPD is focused on better maintaining existing trees. In
general, park trees are healthier and grow larger than street
trees due to the more favorable growing conditions of park
lands..

Demand Forecast Summary
The demand forecast estimated above for 2014 and 2034 is
shown in Figure 30 and Figure 31, respectively, in conjunction
with the financial value of wood products.

Therefore, this study assumes that 15-25% of removed park
trees are suitable for lumber in 2014 with the low estimate
increasing to 2034 due to better tree maintenance. Assuming
the average removed park tree suitable for lumber yields a log
with 20” DIB and 10’ in length (significantly larger than the
average removed street tree suitable for lumber), this results in
174 bf/tree. This is more than 5 times as much lumber than the
average street tree designated for lumber (the much greater
amount is due to the fact that log volume is proportional to the
radius squared, so doubling the radius increases the volume by
a factor of four). It’s important to note that City parks include
many species valued for high-quality lumber such as Monterey
cypress and Monterey pine.

5,3 Potential Financial Value of Wood
Products
Based on the demand forecast in the previous section,
estimates can be made as to the potential financial value of
City trees at EOL. Note that this does not imply that the wood
products must be sold; it is simply used to a put a financial
value on what is in fact a City asset that has thus far been
overlooked.
To obtain the financial value, a value of lumber per board-foot
must be estimated. This is very difficult to do as it depends not
just on the quality of the wood but also on the skill of the
sawyer and the market in which it is being sold. Most urban
wood is of low quality, but some may be of good quality yet
have defects such as knots, cracks, etc. However, this wood
may still fetch a decent price as there is a growing market of
furniture made from urban wood linked to growing awareness
of sustainability where customers in fact desire the unique
defects of urban wood.

As with street tees, it is assumed that 10% will only be suitable
as hog fuel. This results in 65-75% of removed park trees being
chipped in 2014 and 65-70% in 2034. It is assumed that the
average removed park tree designated for chipping yields
slightly below 5 cu-yd of wood chips, also nearly 5 times that of
the equivalent street tree.
This study was unable to get the data specifying how many
park trees RPD removes each year in time for publication.
Therefore, this data was estimated by assuming the same
percentage (0.15%) of trees removed is identical for both park
and street trees. This corresponds to a low estimate of 148
trees removed and a high of 375 trees removed for RPD in
2014. For future reference, removed tree data from recent
years is available on the Department of Environment’s website
(San Francisco Department of the Environment and the Urban
Forestry Council). Note that the number of trees removed by
DPW shown in these reports is slightly different than those
provided directly to the authors of this study by DPW.
Therefore, further work is required to obtain an accurate
picture on the number of removed trees by department and
year.

Regardless, this study estimates that in 2014 street trees would
be worth $0.75/bf and park trees would be worth twice as
much because of their higher quality wood. For 2034, it is
assumed that better maintenance, an established market, and
better skill at milling will yield higher values. Those are
estimated to be $1/bf for street trees and $2/bf for park trees.
For wood chips, mulch, and compost, it’s estimated that these
could be sold on average for $25/cu-yd. This number is not
expected to change significantly between 2014 and 2034. For
reference, as of the date of publication of this study, a thirdparty landscape supplier often used by DPW, Lyngso in
Redwood City, sells their “Premium Arbor Mulch”, “an
inexpensive mulch consisting of chipped wood and bark from
urban forest trees” for $26/yd. They sell compost ranging from
approximately $30/yd to $80/yd. (Mulches, Compost, and Soil,
2014).

For 2034, RPD has the potential to be processing many more
trees
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For the internal cases, variable costs consist of fuel,
replacement blades, and maintenance on a bandsaw mill; two
laborers to operate the sawmill and handle saw logs and
lumber; and energy costs to run the kiln. These are estimated
to be $0.45/bf. Using a weighted average (between DPW and
RPD wood) price of $1.44/bf, the fixed costs and variable costs
yield a breakeven point of approximately 15,000 bf. Note that,
per Figure 30, this number is exceeded in 2014 meaning that a
sawmilling program has the potential to breakeven or even
make money should the wood be sold. Though making a profit
is not a goal of a San Francisco wood re-use program it i5 a
welcome benefit that should still be considered.

DPW will save money by not sending trees to Recology and this
can be reflected in the financial value of the EOL wood
products. Unfortunately, sufficient data was not obtained
during this study to accurately estimate this savings and so a
very rough estimate of $10/cu-yd. was used. Note that
Recology has a sophisticated cost structure whereby customers
are given a discount proportional to the ratio of
recycling/compost to landfill waste. Thus, determining the
savings from diverting waste to Recology will require further
research.
Combined with demand calculated from the previous section
and the market prices above, the total value of DPW and RPD
wood products can be estimated. The results are shown in
Figure 30 and Figure 31. From these tables, lumber in 2014 is
estimated to range between approximately $6,000 and
$27,000. Wood chips, mulch, and compost are estimated to be
worth between $16,000 and $37,000. Due to RPD’s Natural
Areas Program, these numbers increase dramatically on the
high end for 2034 where lumber is estimate to be worth
between $25,000 and $129,000 and wood chips, mulch, and
compost between $34,000 and $123,000.

For the contracted (external) cases, not enough data was
obtained in this study from contractors to estimate these costs.
It is recommended that more research be performed before an
accurate assessment can be made as to which option is
preferred.
There is also an up-front cost to get an internal lumber
program up and running. This includes training DPW tree
removal crews to properly handle felled trees designated as
lumber. For separate facilities, up-front costs will also include
the cost of City managers to locate and prepare a DPW facility
as well as train staff on how to operate the equipment.

From these tables it can be seen that wood chips are worth
almost as much or more than lumber. This is because, even
though a given volume of lumber will yield more value than the
same volume of wood chips, a much larger percentage of trees
are chipped than milled into lumber. Further, as was
mentioned in 3.3, lumber has a higher “value” in almost every
other regard than just financial, so this must be kept in mind
when comparing the two EOL wood products. Putting a dollar
amount on urban trees is purely meant to demonstrate that, as
a City asset, they have a financial value at EOL that has been so
far overlooked.

Wood Chipping, Mulching, and Composting
Capital costs only apply to the internal cases. For the shared
facility, RPD owns all required equipment: tub grinder, wood
chip screener, and front loaders. However, for separate
facilities, DPW would need to purchase a wood chip screener,
tub grinder or large capacity chipper, and a front loader. Note
that current DPW wood chippers cannot chip wood greater
than 12” in diameter; a wood re-use program will require this
capability. The capital costs for separate facilities would be
significant since a wood chip screener, tub grinder or large
capacity chipper, and front loader together will cost $1-1.5
million. Note that the City cannot purchase used equipment,
which could otherwise cut costs approximately in half.

5.4 Cost Analysis
Sawmilling
Capital costs only apply to internal cases. For the shared
facility, RPD owns a sawmill so the only needed equipment is a
kiln for drying lumber. For separate facilities, there are no
capital costs since RPD has its own equipment and it is assumed
DPW could utilize RPD’s equipment or participate in the
sawmill loan program run by the California Department of
Forestry and Fire Protection (Cal Fire) which loans a sawmill
and kiln to cities for their urban wood re-use program for 12-24
months at no cost. An edger, though it can improve efficiency,
is not necessary.

Fixed costs for all internal cases are assumed to be
approximately equal and consist only of the salary of a single
administrator to run the wood processing program at the same
cost as the sawmilling program, or $14,700/yr. It is assumed
that they would be spending l/lO of their time on the
chipping, mulching, and composting program. This fixed cost
also applies if the work is contracted out to Recology, but this
cost is already in existing budgets since it is the status quo.

Fixed costs for all internal and external cases are assumed to be
approximately equal and consist only of the salary of a single
administrator to run the wood processing program. It is
th
1110
of their time on the
assumed that they are spending
sawmilling program. At a salary of $100,000 plus an addition
47% (standard City rate) for benefits, the fixed cost is
$14,700/yr.
Presidio Graduate School

For all internal cases, variable costs consist of fuel and
maintenance for all equipment as well as labor. Note that these
costs would be approximately the same for shared and
separate facilities since even though there is double the
equipment, each facility would process approximately half the
wood. Unfortunately, this study was unable to obtain the
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Figure 30: Demand and value of EQL wood products in 2014 for both DPW and RPD.
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Figure 31: Demand and value of EOL wood products in 2034 for both DPW and RPD.
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necessary data to properly estimate variable costs. This data
should be obtained in future work to accurately understand the
costs of a chipping, mulching, and composting facility.
Note that, as with the internal sawmilling program, there is an
up-front cost to get an internal chipping, mulching, and
composting program up and running. For separate facilities, upfront costs will also include the cost of City managers to locate
and prepare a DPW facility as well as train staff on how to
operate the equipment.
For this study, RPD provided (Kern, [Personal communication],
2014) the following yearly costs to run their wood processing
facility:
• $182,083: 1 full-time Operating Engineer
• $45,742: 1 quarter-time Arborist Supervisor
• $39,218: 1 quarter-time Arborist
The total is $267,043. These costs include a base salary for each
of around $91,000 plus an additional 47% of salary for benefits
and an additional 36% for maintenance, capital depreciation,
utilities, etc. Unfortunately, though these are standard City
rates, they do not shed much insight into how to optimize the
operation of wood-processing facility. This would require a
breakdown of costs by variable and fixed and this study
recommends this be done in the future.

Summary of Cost Analysis
Though not enough data was obtained in this study to conduct
an accurate cost analysis, it’s clear that duplicating facilities in
would be tremendously expensive. Further, as has been
emphasized throughout this study, the value of the City owning
and running its own wood processing operations exceeds that
of the monetary costs and this must be taken into
consideration. In fact, as will be detailed in the following
section, these other considerations are believed to trump those
of financial cost alone.
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are acceptable though band saws are generally more common
for urban wood re-use programs. Band saws are more efficient
(produce less sawdust/wood waste) but are more flexible and
hence may not yield as straight of cuts. The cost of maintaining
and replacing blades is cheaper with a bandsaw.

6 Recommendations
This study offers the following key recommendations to best
meet the City’s urban tree wood re-use needs. These
recommendations are based on a thorough analysis of EOL
wood value as defined in Section 3.3, stakeholder impact,
practicality and current feasibility of implementation, and
potential revenue and cost data.

6.1

A kiln for drying lumber is usually required for a wood re-use
program. However, lumber may also be air dried which often
yields higher quality lumber but takes much longer. An edger is
an optional piece of equipment which improves efficiency. This
study does not recommend purchasing such a piece of
equipment initially.

Key Recommendation 1: DPW & RPD
Maximize the Value of Urban Wood by
Harvesting Lumber and Logs from
Removed Street and Park Trees

RPD has already purchased a sawmill. However, in the event
this is not available or not of sufficient quality, a sawmill and
kiln can be loaned at no cost from Cal Fire. Cal Fire has
obtained this equipment through funds specifically designated
for urban wood re-use programs. However, the program is
currently in flux based on political developments and the
available equipment may change. Further, as mentioned in
Section 4, CalRecycle provides grants which could be harnessed
to purchase a sawmill, kiln, etc.

Benefits and Challenges
The use of urban wood for logs and lumber represents the best
EOL use of urban wood. Not only does keeping the wood intact
sequester the tree’s carbon, it also provides a usable product
that has tangible value. RPD already harvest logs for use
throughout parks but DPW does not. Neither department
currently performs sawmilling of removed street trees. This
study therefore recommends that both departments expend
the necessary resources to create a sawmilling program.

Pilot Program
Unless the City hires an experienced sawyer and provides them
with a high-quality and well-maintained sawmill, it may be
difficult for the City to produce the type of lumber that would
most commonly be used in high-end wood products like
furniture. Therefore, at least in the early stages of a wood re
use program, this study recommends the City create a pilot
sawmilling program which seeks only to create rough-sawn
lumber and sends high-quality lumber to an outside sawyer for
milling into finished lumber. Lumber milled by a City sawmill
would use moderate- or low-quality wood which would be
ideally suited for City projects like park benches, frames for
garden beds, fences, building small structures like tool sheds,
etc.

While using urban wood for lumber is ideal, there are many
challenges associated with creating and executing a viable
program. Below is a discussion of potential benefits and
challenges:
Benefits
• Tangible, high value end product, establish due to the
rise of the urban wood market
• Carbon sequestration by keeping wood intact
• Reduces virgin wood demand
• Wood kept locally within city (reduced transportation
costs and GHG emissions)
Marketable value of “local” product
.
• Cultural and artistic benefits

High-quality wood sent to a third-party sawyer could then be
used to make furniture either for the City or, if no legal barriers
exist, to be sold in the market. This two-phase pilot program of
a City sawmill creating rough-sawn lumber and a third-party
contractor creating finished lumber would allow the City to
harvest lumber while developing the experience and resources
necessary to run an effective urban tree wood re-use program.
In addition, the City could use the pilot program to put in place
a consortium of woodworking craftsman and artists who can
create furniture from urban wood (regardless of where it is
milled). This network is one of the key ingredients to a
successful wood re-use program. Almost any piece of wood is
desired by somebody somewhere; the challenge of a wood re
use program is matching the wood with the person. For this
reason, the importance of creating a woodworking consortium
built around urban tree lumber cannot be overemphasized.

Challenges
• Moderate capital and labor investments necessary to
maintain sawmill and/or relationships necessary to
utilize existing milling resource
• Concerns of metal, e.g. nails in urban trees which can
damage sawmills and increase risk of operator injury
• Milling wood in short (less than 6’) lengths
• Difficulty in meeting full capacity without excess supply
of lumber
• Potential difficulty in selling products due to legal issues
with selling City assets (see Section 7)

Logistics
As mentioned in Section 5.4, the primary piece of equipment
needed is a portable sawmill. Both bandsaws and circular saws
26
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This data would be updated each time the tree is maintained.
Photographs of trees expected to be yield lumber could be
captured digitally and stored in the database. There could be
an opportunity to expand towards a crowd-sourced model
where citizens can notify the City of tree damage, vandalism, or
any other potential problems.

In the long-term, the expectation is that the City will have
developed the experience and resources to produce both
rough-sawn and finished lumber with its own mill and
completely remove third-party sawyers from the process.
However, not enough data was obtained in this study to make
an accurate assessment of the timeline for such a shift nor the
required logistics. Further research on this topic is needed.

For an example of data collected from a partial tree census, see
Figure 33 in Appendix B.

Target Large Developments
This study recommends that DPW explore partnership
opportunities with established sawmilling operations to pilot
urban lumber projects, ideally using large redevelopment or
capital projects that will remove substantial numbers of trees.
This approach allows the City to forecast tree quantities and
provide necessary lead times to coordinate a sawmilling
schedule with available equipment.

DPW Consider EOL lumber Potential When Planting
Street Trees
Implementing a regular maintenance schedule and usable
database would allow tree crews to log EOL potential for
current tree stocks. This preventative system can protect trees
from reaching states of disease or damage that limits their end
use. However, currently no consideration of EOL potential is
given to street trees when they are planted. As this study has
stated, the value of urban trees is maximized when they are
alive and thriving, and as such this must be given priority when
determining which species are planted. However, if two or

Potential large-scale projects to consider include:
• Significant Natural Resource Areas Program (RPD)
• Geary and Van Ness bus rapid transit (BRT)
• Treasure Island redevelopment

more species of tree are more or less equivalent in every other
way, then priority should be considered for the one that has
the potential to yield better lumber at EOL.

Potential partners for tree removal and transportation include:
• Professional Tree Care (professionaltreecare.com) in
Berkeley
• Saratoga Tree Service (saratogatreeservice.com) in the
Bay Area
• Joinery Structures (joinerystructures.com/) in Oakland

Urban Log Utilization Program
Urban logs can be used as barriers, dividers, fences, roughhewn benches, “cookies”, etc. within City parks, gardens, and
other community areas. These uses involve little more than
sawing and perhaps some sanding. Their usage adds aesthetic
value and reduces the need to use synthetic and more costly
materials. Other uses:
• “Street furniture” in San Francisco’s Pavement to Parks

Expand the City-Wide Street Tree Census to Capture
Data Necessary for Assessing EOL Fate
This study recommends that the City-wide Street tree census
which is currently in progress should be amended to include
data relevant for best determining a tree’s EOL fate. Without
such information, the process of determining the EOL fate of
each tree will be cumbersome and sub-optimal and hence
some trees will not be appropriately designated to their most
valuable EOL fate. Specifically, this data would need to include,
at a minimum:
• A designation for each tree as to its EOL fate, i.e.
lumber, log, wood chip, mulch, compost, or Recology.
The ability to make such an assessment may require
training for tree removal crews.
• If EOL fate is lumber, then:
o Bole height
o Quality of wood with respect to creating
lumber (a simple qualitative scale of “poor”,
“moderate”, “good”, and “outstanding” would
be sufficient)
o An estimate of the board feet contained in the
tree
o The presence of nails or other metal
o If any branches are large enough to also be
used for lumber.
Presidio Graduate School
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Sold or donated directly to local artisans who could use
the material for public or private use
• Donated to schools for shop class

•

In order to make use of urban logs there must be adequate
communication and awareness between DPW and potential
entities interested in utilizing the logs. If sufficient awareness is
made, either public or private entities would make use of urban
logs over less sustainable alternatives, e.g. using an urban log
as a divider instead of a concrete block.

62 Key Recommendation 2: DPW Process
and Store Wood Chips, Mulch, and
Corn post
Benefits and Challenges
Per the recommended EOL wood re-use options in Section 3.3,
DPW should chip, mulch, and compost Street trees as is being
done currently by RPD. Wood chips, mulch, and compost
should be used for local projects including street median
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plantings, tree plantings, community gardens, residential
gardens, etc. DPW should also investigate novel uses of these
products such as that shown in Figure 17. DPW could reduce
GHG emissions resulting from transportation of street trees to
external composting facilities by keeping the composting and
mulching process within City limits and using the products
locally.

6.3

Overview
As outsiders working among various City departments, the
authors found it easy to see the potential value of
interdepartmental sharing of resources. While it is not the
intent of this study to oversimplify or dismiss the inherent
complexity of interdepartmental coordination, it’s valuable to
display and understand the realm of possibility that exists if
resources were to be shared between both DPW and RPD. This
recommendation is meant to reflect the concerns and
opportunities that exist for both parties. Such an arrangement
would maximize efficiency by utilizing already-purchased
equipment and yield considerable cost savings not possible
duplicate operations were pursued.

If DPW were to develop an internal chipping, mulching, and
composting capability for removed street trees, space and
facilities would be required to store logs, wood chips, compost,
mulch, and equipment. This tree wood processing facility
would also require additional manpower to operate and
maintain. Such a facility is estimated to require approximately
two acres in a non-residential area with easy truck access.
Costs were estimated previously in Section 5.3.
Benefits
• Reduced GHG emissions, local processing of wood to
chips, mulch, and compost
• Carbon sequestration
• Local use of San Francisco tree wood products
• Savings from reduced purchase of wood chips, mulch,
and compost
• Potential to inspire more “greening” of City property
through a “free and available” product

Background
Both DPW and RPD need to maintain their respective tree
stocks and manage trees at EOL. While they share this in
common they also have multiple other responsibilities, some of
which are similar but most of which are quite different.
While DPW is mostly concerned with emergency and
“problem” tree removals that may interfere with traffic or
safety, RPD is more focused on taking care of a vast inventory
of trees in order to maintain and beautify City parks. This
particular scope and the inherent nature of park setting (such
as having access to the Golden Gate Park’s vast acreage) has
allowed RPD to develop a robust and self-sustaining tree wood
processing program. This includes a 2.5-acre plot which houses
an industrial tub grinder and a wood chip screener that
produces high-quality compost, mulch, and wood chips. In
addition RPD owns a sawmill though they do not appear to
have used it yet in any official capacity.

Challenges
•
Capital equipment investments required (if duplicate
facilities)
• Wood processing and storage facility needed (if
duplicate facilities)
• Extra staff needed
• Develop the skills to produce quality compost (if
duplicate facilities)

Logistics
If DPW creates its own facility for processing and storing wood

chips, then it would need approximately 2 acres and would
need to acquire a tub grinder or large wood chipper, a wood
screener, and front loader. It will also need the appropriate
manpower. See Section 5.4 for more details.

There have been previous examples of both departments
sharing resources, particularly during past storms. As of now,
there is no joint effort to work together on this in part due to
funding and policy concerns but also due to a lack of
communication between departments. State oversight, shortterm funding dilemmas, and staffing concerns are commonly
referred to as barriers.

However, if DPW were to share RPD’s facility, then no further
equipment would need to be purchased. However, extra
manpower would be needed to process street tree wood. DPW
should work with RPD to share the burden of such costs.

Presidio Graduate School

Key Recommendation 3: Explore the
possibility of DPW and RPD Sharing
Wood Processing Facilities and
Equipment

It is reasonable to assume that funding and policy concerns
could be overcome and that negotiations to create a joint
effort for the urban forest could help open the lines of
communication and partnership. Understanding the value of
the program for both parties and assessing reasonable
compensation for shared use facilities would be in the best
interests of both parties as it is not cost effective for DPW to
duplicate RPD’s facility and RDP has expressed need for
increased budgetary funds. It is also prudent since RPD’s facility
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is not near full capacity. So, what is hindering this from
happening? There are a few reasons that must be resolved in
order for this type of mutual sharing to occur.

Encourage Recology to Research Biochar
Because of biochar’s potential to reduce carbon emissions,
produce biofuels, and amend soil as discussed in Section 3.1, it
is recommended that the City of San Francisco encourage
Recology to partner with biochar producers such as Phoenix
Energy (phoenixenergy.net) in San Francisco and the Sonoma
BioChar Initiative (sonomabiocharinitiative.org) in Sonoma to
create a pilot program to use urban tree wood to create
biochar. However, because this is an active area of research,
this should be viewed as a long-term exploratory project that
will keep San Francisco on the cutting edge of sustainability. A
very small amount of urban tree wood would be diverted to
this project until all aspects are fully understood. Ultimately,
the expectation is that Recology could divert wood being
incinerated as hog fuel to a biochar power plant. Note that
biochar is not limited to wood waste and hence a Biochar
program could also treat most other types of compostables.

Regulatory concerns are an issue. RPD fears potential
consequences if they attempt a new program that does not
adhere to state regulations. It appears that interdepartmental
usage of materials is acceptable as long as the end use resides
within the City limits. However, the City Attorney must verify
and confirm this. Policy concerns must be addressed to prevent
illegal dumping of material within RPD’s facility. In the past, this
has apparently been a problem.
RPD has built a sustainable program and, as systems grow,
components must scale to accommodate growth. Processes
must be considered to maintain the integrity of the current
RPD process that is currently operating well. Finally, the
concern of growth itself, and financing potential growth, is
important. While sharing on a small level will not likely impact
the supply and demand of products that RPD is currently
producing, if the City was to fully utilize RPD facilities there
would likely be a shortage of labor and need for full time
management to handle operations.

Adopt Wood Re-Use Best Practices from Other
Cities
In Section 2.5, examples of best practices were outlined from
other city urban tree wood waste re-use programs. Each had an
emphasis on creative approaches to utilization featuring artists
and craftsmen, city-wide collaboration and governance, and
sharing of resources. This study recommends the City continue
to research urban tree re-use programs in other cities and stay
up-to-date in new developments. Collaboration with other San
Francisco Bay Area cities on tree wood re-use could provide
opportunities to not only 5hare knowledge but also resources.

RPD currently operates on a shoestring budget and is quite
efficient. A larger scale operation would require adequate
funding and appreciation of the operational needs required.

Outcomes
This study estimates that by sharing resources DPW could
utilize all of their “average” yearly lumber-quality tree removals
for higher EOL value while eliminating close to all expenses on
wood chips, mulch, and compost, and reducing some of their
fees to Recology on disposal. Disposal fees would be
dependent on the amount of raw material RPD would be
willing to accept for the creation of end products. While this
may provide only a small amount of savings to the City, it will
foster a new relationship between departments that will help
drive change towards a healthier and larger urban forest.

Obtain an Accurate Estimate of GHG Emissions of

Various EOL Wood Products
The City should dedicate resources to take advantage of the
customization features of the SEI calculator (Lee, Erickson,
Lazarus, & Smith, SEI Calculator Version 7.0’, 2010) and
customize the assumptions specifically for urban tree re-use in
San Francisco. The City should also consider adding lumber,
logs, and wood chips to this calculator. This would allow the
City to make a more accurate assessment than that done in this
study as to the overall effects of a wood re-use program on
GHG emissions which would better guide decisions on how
best to designate an EOL fate for urban tree wood.

6.4 Secondary Recommendations
Pre-empt Citizen Concerns about Exploitation of the
Urban Forest
Some citizens may see an urban wood program as an attempt
to turn the City into a tree farm. This should be pre-empted
through transparency and marketing efforts to make clear that
the City places much more value on living trees than EOL wood
products. The marketing campaign must make clear that EOL
wood products are only applicable once the tree has been
removed for safety reasons or because of a legitimate tree
removal permit for development. Further, it needs to be made
clear that, for every tree cut down, a new one will be planted
and managed properly. This will require proactive marketing by
the City to educate citizens on how the wood re-use program
works and how it remains secondary to the value of living trees.
Presidio Graduate School

Consider Collecting (Some) Christmas Trees for
Compost
San Francisco residents dispose of approximately 500 tons of
Christmas trees every January, which are collected by Recology
and chipped for hog fuel (“Xmas Trees into Biofuel, 2011). This
would have tremendous value in a City-run urban wood re-use
program. Unfortunately, DPW does not have the resources to
collect them all unlike Recology whose business is setup to do
exactly this. There may, however, may be an opportunity to
collect some of these trees or create a program where
residents can bring them to the wood processing facility.
SF Urban Forest Wood Re-Use Study
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It is important to note that, though pine trees are compostable,
their needles are acidic and so would need to be diluted with
other compost materials.

Consider Expanding Scope to Include Tree Removals
on Private Property
Once a successful wood re-use program is operational, the City
should consider the possibility of being able to process trees
from private property owners who hire contractors to perform
tree removals. Though this would create more “product” to
process, it is expected that even the most aggressive urban
wood re-use program would have significant excess capacity
even at a shard DPW-RDP wood processing facility. As
mentioned below, however, any policy, legal, and regulatory
issues would have to be addressed.

Assess Policy Barriers
Currently, the City of San Francisco has a policy and legal
barrier to implementing this study’s recommendations. This is
explained in more detail in Section 7. These policy and legal
issues will need to be assessed with the Urban Forestry Council
and the Office of the City Attorney.

Assess Regulatory Issues
RPD has expressed a concern regarding the California State
health and safety regulations involving composting facilities
and whether a City-wide urban tree wood waste re-use
program would violate any of its statutes. This is explained in
more detail in Section 7. A further assessment of the regulation
and whether the City of San Francisco wants to pursue
becoming a qualified facility under the regulation is necessary.

Presidio Graduate School
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Operations and Facilities Regulatory Requirements, RPD’s
current practices are excluded from its requirements.
Specifically, item 5F from Section 17855 applies to RPD’s
operations, “the activity is part of an operation used to chip
and grind materials derived from and applied to lands owned
or leased by the owner, parent, or subsidiary of the operation”
(Permitting Compostable Material Handling Operations and
Facilities, 2010). This exclusion allows for RPD to run its wood
re-use operation without having to acquire permits and have
oversight from state regulators. This does not seem to pose a
barrier for the expansion of RPD’s operations to include DPW
street tree wood into its chipping, mulching, and composting
program. However, barriers may arise if wood is to be
processed and disbursed to non-City of San Francisco purposes,
i.e. lumber sold to artists, mulch or compost donated or sold to
community gardens, etc.

7 Barriers to Implementation
The following section details barriers to implementation of this
study’s operational recommendations. Many of these barriers
will need to be evaluated further to determine the extent at
which it limits the implementation of this study’s
recommendations.

Necessary Resources
If operating a separate wood processing facility from RPD, DPW
has very limited capacity for handling and processing wood
waste from street trees other than delivering it directly to
Recology. Currently, DPW does not have a space to store or
process any logs or wood chips that are produced from tree
pruning and removals. If RPD and DPW do not share resources,
or expand RPD’s operation to include DPW, then DPW will need
to create their own wood-processing facility. Based on RPD’s
operation and the anticipated annual volume for DPW, DPW
would need approximately 2 acres for storage and processing
of wood waste. DPW would also need to purchase a wood chip
screener and at least one front loader. Additional funding
would need to be procured to provide for start-up costs. RPD
has also expressed concern that expansion of their operations
would require further funding to hire more operators.

Lack of Comprehensive Tree or Operational Data
This study revealed that significant data needed to give
detailed analysis and provide more concrete recommendations
was lacking. Going forward, it will be challenging to track
operational efficiencies, manage quality control, and accurately
assess the successes of the program without more
comprehensive data. More details were described in the
secondary recommendations in Section 6.4.

Legal and Policy

Union Labor Restrictions

The City Attorney of San Francisco has stated that there is a
potential legal barrier regarding urban street tree wood since,
as a public asset, using it or having it processed by non-City
agencies would be prohibited. DPW can re-use wood waste if it
is processed internally and for strictly City purposes; or the
waste can be reclaimed through Recology. Unless the City of
San Francisco removes this legal and policy hurdle, it will be
unable to further the street tree re-use effort into selling or
donating any of the urban tree wood to non-City stakeholders.

The City of San Francisco may have to change staffing, job
duties, or contract work that could otherwise be handled by a
union worker to implement all of the recommendations of this
study. The reaction of various labor unions to staffing or job
changes or the use of contractors may present barriers.

Interdepartmental Sharing of Resources and Staff
During the course of this study, DPW and especially RPD
expressed legitimate concerns with sharing resources.
Currently, there is not a strong interdepartmental working
relationship between DPW and RPD; this is not unusual since
many City departments work somewhat independently.
However, the research for this study preempted more dialogue
between the departments (and other stakeholders). More work
is needed to ensure that communication remains open and
that all parties are involved in the development and
implementation of a future urban wood re-use plan and their
concerns addressed. For example, RPD has expressed that, in
order to expand their operations, they would need to
restructure staff and develop a unit dedicated to the work of
processing wood waste. This would require permanent funding,
as opposed to short-term grants. Disruption to RPD’s current
operations from DPW, numerous DPW trucks driving into
Golden Gate Park, and loss of total control are also some of
their other concerns. Both departments are open to the
opportunity of re-using tree waste, but budgetary concerns,
lack of operational resources, and staffing restraints are
deterrents.

If DPW decides to contract sawmilling services for street tree
wood re-use, an open bid would be required for all services
provided by, and wood disbursed, to contracted agencies; i.e.
tree haulers, millers, and wood artists. Contract development
and administration require a substantial amount of time and
cost in the thousands of dollars per contract.

Public Opinion
Some San Francisco residents passionately defend their street
trees at the monthly tree hearings DPW holds for all proposed
tree removals. A public relations effort to educate the public on
expanded tree plantings and how trees are being re-used after
they are removed should help soothe the possible backlash of
public opinion over trees being removed and re-used.

California State Regulations
According to Title 14 CCR, Division 7, Chapter 3.1, Articles 1-4,
section 17855 of the Compostable Materials Handling
Presidio Graduate School

SF Urban Forest Wood Re-Use Study

31

Disclaimer. this document was prepared by students from Presidio Graduate School and as such the

contents

do not necessarily reflect the views and policies of the City of San Francisco.

8 References
10 Best Cities for Urban Forests. (n.d.). Retrieved May 15, 2014, from American Forests: http://www.americanforests.org/our
programs/urbanforests/10-best-cities-for-urban-forests/
AECOM. (2013). Financing San Francisco’s Urban Forest.
Ash Utilization Options Project: Resources. (2007). Retrieved May 21, 2014, from Southeast Michigan Resource Conservation and
Development Council: http://semircd.org/ash/education/resources.php
BMS Design Group. (May 13, 2013). Van Ness BRT Technical Report: Tree Removal and Planting Opportunity Evaluation. San
Francisco.
-

Bolin, C., & Smith, 5. (2013). Life Cycle Assessment of CCA-Treated Wood Highway Guard Rail Posts in the US with Comparisons to
Galvanized Steel Guard Rail Posts. Journal of Transportation Technologies, 3(1), 58-67.
Bradley, E. (2013, August 6). Long Beach officials top ‘Great Wall of Mulch’. Retrieved May 10, 2014, from Long Beach PressTelegram: http://www.presstelegram.com/environment-and-nature/20130806/Iong-beach-officials-top-great-wall-ofmuich
California Biomass Power Map. (2014, April). Retrieved May 13, 2014, from University of California Woody Biomass Utilization:
http://ucan r.edu/sites/WoodyBiomass/Woody_Biomass_Utilization_2/Californ ia_Biomass_Power_Plants/
California Department of Resources Recycling and Recovery (CalRecycle). (2014, April 24). Climate Change: Proposed Greenhouse
Gas Reduction Grant and Loan Programs. Retrieved May 21, 2014, from California Department of Resources Recycling and
Recovery (Cal Recycle): http://www.calrecycle.ca.gov/Climate/GrantsLoans/
Cesa, E. T., Knotss, J. H., & Lempicki, E. A. (2003). Recycling Municipal Trees: A Guide for Marketing Sawlogs from Street Tree
Removals in Municipalities. USDA Forest Service.
City of Sacramento. (n.d.). Strategic Plan & Ordinance Review. Retrieved 15 2014, May, from City of Sacramento:
http://porta I .cityofsacra mento.org/Public-Works/Maintena nce-Services/Trees/Ordinance-Review
City of San Francisco. (2002, October 11). Resolution for 75% Waste Diversion Goal (Resolution No. 679-02).
City of San Francisco. (2006). Urban Forest Plan.
City of San Francisco. (2014). Urban Forest Plan.
(2013). ClimateAction Plan, Fiscal Vear2Oll-12. San Francisco Recreation and Park Department.
Fonseca, M. (2005). The Measurement of Roundwood: Methodologies and Convesion Ratios. Cambridge, MA: CABI Publishing.
Friends of the Urban Forest About Us. (n.d.). Retrieved May 15, 2014, from Friends of the Urban Forest: http://www.fuf.net/about
us/
-

Gurwick, N. P., Moore, L. A., Kelly, C., & Elias, P. (2013, September 30). A Systematic Review of Biochar Research, with a Focus on Its
Stability in situ and Its Promise as a Climate Mitagation Strategy. PLOS ONE.
Howard, B. C. (2013, June 18). How Cities Compost Mountains of Food Waste. Retrieved May 13, 2014, from National Geographic:
http://news.nationalgeographic.com/news/2013/06/130618-food-waste-composting-nyc-san-francisco/
Kern, D. (2014, May 2). [Personal communication].
Kern, D., & Cornell, K. (2014, March 7). (J. Dirrenberger, S. O’Claire, C. Dorsey, & R. Miller, Interviewers)
Lee, C., Erickson, P., Lazarus, M., & Smith, G. (2010). Greenhouse Gas and Air Pollutant Emissions of Alternatives for Woody Biomass
Residues, Final Draft Version 2.0. Stockholm Environment Institute.
Lee, C., Erickson, P., Lazarus, M., & Smith, G. (2010, November). SEI Calculator Version 7.0. (M. Goodin, Editor) Retrieved May 15,
2014, from Olympic Region Clean Air Agency Woody Biomass Study:
http://data.orcaa.org/index.php/download_file/view/151/168/
-

Lee, J.-Y. (2008, September). Cellulosic Ethanol Production and Its Potential Impacts on the Environment. EM Magazine.
Mayor Lee Announces San Francisco Reaches 80 Percent Landfill Waste Diversion, Leads All Cities in North America. (2012, October
5). Retrieved May 13, 2014, from SF Environment: http://www.sfenvironment.org/news/press-release/mayor-lee

Presidio Graduate School
Uisclairner: this document

yjas

32

SF Urban Forest Wood Re-Use Study

prepared by students from Presidio Graduate School and as such the contents do not necessarily reflect th views and policies of the City of Sari Francisco.

Menetrez, M. V. (2010). The Potential Environmental Impact of Waste from Cellulosic Ethanol Production. Journal of the Air & Waste
Management Association, 60, 245-250.
Mulches, Compost, and Soil. (2014). Retrieved 222014, May, from Lyngso:
group=BARK_MULCH&groupname=Mulch
Natural Areas FAQ. (n.d.). Retrieved May 15, 2014, from San Francisco Recreation and Parks: http://sfrecpark.org/parks-open
spaces/natural-areas-programfnatural-areas-faqs/
Peplow, M. (2014, March 13). Cellulosic Ethanol Fights for Life. Nature, 507(7491), 152-153.
Permitting Corn postable Material Handling Operations and Facilities. (2010, May 5). Retrieved May 15, 2014, from California
Department of Resources Recycling and Recovery (CalRecycle):
http://www.calrecycle.ca .gov/swfacilities/Permitting/FacilityType/Compost/
Plumb, T. R., Wolf, M. M., & Shelly, J. (1999). California Urban Woody Green Waste Utilization. Urban Forests Ecosystems Institue,
California Polytechnic State University, San Luis Obsipo.
Prentice, I. C., Farquhar, G., Fasham, M., Goulden, M., Heimann, M., Jaramillo, V., et al. (2001). The Carbon Cycle and Atmospheric
Carbon Dioxide. In J. T. Houghton, V. Ding, D. Griggs, M. Noguer, P. van der Linden, X. Dai, et al., Climate Change 2001: The
Scientific Basis, Contribution of Working Group Ito the Third Assessment Report of the Intergovernmental Panel on Climate
Change (pp. 183-237). Cambridge: Cambridge University Press.
Roush, J., & Royer, S. (2002). Wood Waste Recycling. City of Olympia, WA.
Sacramento Urban Forest Fact Sheet. (n.d.). Retrieved May 15, 2014, from American Forests: http://www.americanforests.org/our
programs/u
forest-fact-sheet!
San Francisco Department of Public Works. (2013). Climate Action Plan.
San Francisco Department of the Environment. (2004). Climate Action Plan.
San Francisco Department of the Environment and the Urban Forestry Council. (n.d.). Annual Urban Forest Reports. Retrieved 22
2014, May, from San Francisco Department of the Environment: http://www.sfenvironment.org/article/urban
forestry/ann ual-urban-forest-reports
San Francisco Planning Department. (2010). Strategies to Address Greenhouse Gas Emissions.
San Francisco Planning Department. (2013). ClimateAction Plan, Fiscal Year 2011-12.
San Francisco Recreation and Parks Department. (2006). Significant Natural Resource Areas Management Plan, Executive Summary.
San Francisco Recreation and Parks Department. (2013). Climate Action Plan, Fiscal Year2OlI-12.
Schmidt, H.-P. (nd.). 55 Uses of Biochar. Retrieved May 15, 2014, from Ithaka: Journal for Ecology, Winegrowing, and Climate
Farming: http://www.ithaka-journal.net/55-anwendungen-von-pflanzenkohle?lang=en
Sedjo, R. A. (2002). Wood Materials Used as A Means to Reduce Greenhouse Gases (GHG5): An Examination of Wooden Utility Poles.
Mitigation and Adaptation Strategies for Global Change, 7(2), 19 1-200.
SF to Turn Xmas Trees into Biofuel. (2011, December 27). Retrieved May 13, 2014, from The Bay Citizen:
https://www.baycitizen.org,’blogs’pulse-of-the-bay/sf-tu rn-xmas-trees-biofuel/

-

Sherrill, S. (2003). Harvesting Urban Timber. Fresno, CA: Linden Publishing.
Short, C. (2014, April 25). [Personal communication].
Upton, B., Miner, R., Spinney, M., & Heath, L. 5. (2008). The Greenhouse Gas and Energy Impacts of Using Wood Instead of
Alternatives in Residential Construction in the United States. Biomass and Bioenergy, 32(1), 1-10.
Urban Forestry Council. (nd.). Retrieved 21 2014, May, from San Francisco Department of the Environment:
http:!/www.sfenvironment.org/about/taskforce!urban-forestry-council
WERC, United States Forest Service. (2012). Urban Wood Utilization Webcast: Implementaiton Issues Faced by Local Governments.
Wolfe Mason Associates. (1994). Sacramento Urban Forest Management Plan.
Presidio Graduate School

33

SF Urban Forest Wood Re-Use Study

cbiricr this documont was prepared by students from Presidio Graduate School and as such the contents do not necessarily roiled the views and policies of the City of San r-rancisco.

I.,,

0

0
(11

rt

C
C)

0)

0

D

I

0

00

0.

a

6’
C

0

0

0

0
C

0

C.
C

0
0)

0
0

3

C

a

0
C

t

-

0

0

I,

A

50c to
sawyer,

planing. gluing 16’ panels, & delivery.

*RCF also pays S2.5Obcl.fr. for drying.

50c to Parks Deji

Wilhelm Lumber:
saw logs, dries &
planes lumber &
glues up to 16”
width & delivers

(intl.
Public
Schools
pays
Cinti.
Parks
Dept. &
Vilhelm
SLOOibd. ft. for sawing logs Lumber

between the in valved stakeholders. (Credit: na. fs. fed. us/werc)

Figure 32: City of Cincinnati urban wood re-use flowchart. This flowchart shows how wood and poyments flowed

Trees from private
property ia tree
serice companies
(received 2 logs
so far).

Cinti. Parks Dept.
depot where
logs are sawai into
lumber by saw
mill ownei
Some logs are
sent directly
to Wilhelm
Lumber for
sawing.

Flow of Wood and Payments Between the
Cincinnati Parks Department and the Cincinnati
Public Schools

•1

0

-n

to

I,’

C

rp

0
0
0.

0

C

z

n

0.

tD

D

(D

(D

-D

9.2 Appendix B: Street Tree Census Data
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Figure 33: Partial street tree census data showing tree DBH and height as percent of street trees as well as species with
DBH greater than 10”. (Credit: provided by Jon Swae, San Francisco Planning Department)
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