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PREFACE:  
 
For about ten years I have been teaching a course in San Francisco and Los Angeles 
called “Introduction to Recycling” which is usually a three day trip into the history and 
details of policy and programs in the field. It has been particularly suitable for newly-
appointed recycling professionals (who probably didn’t study the subject in school) and it 
has attracted a small but steady following of young students and their supervisors. One of 
the handouts in the course is entitled: “Why Recycling Is Useful,” and recounts the 
various reasons policy leaders have given to practice materials conservation (i.e., reuse, 
recycling, composting, etc.).  
 
Several years ago I noticed that we were seeing a new reason to love recycling coming to 
the fore: the idea that recycling reduces industrial emissions and was an asset in efforts to 
limit greenhouse gas emissions. In the fall of 2005, under the banner of the Northern 
California Recycling Association, we invited and Henry Ferland, then head of the 
USEPA’s Office of Climate Change and Recycling in Washington, D.C., came and spoke 
at several locations in northern California on EPA’s work in identifying how recycling 
reduced industrial materials processing emissions. Aside from hearing his speech several 
times during the visit, I subsequently had little contact with the issue although it seemed 
to “have legs” and continued to crop up among informed discussants.  
 
In the spring of 2008, the Pollution Prevention offices [which are paired with and include 
the folks who care about recycling] of the USEPA’s Region 9 [San Francisco] and 
Region 10 [Seattle] planned together to present a web-based seminar [known as a 
“webinar”] that would highlight what is understood about the relationship between 
greenhouse gas [GHG] emissions and recycling.  
 
Some of the brightest people in the county on this topic were recruited as speakers and on 
three summer afternoons that year, people across the country sat down at their computers 
and listened to experts talk, watched their powerpoints, asked questions on-line, and 
improved their understanding of the subject. In early September some seventy-five of the 
folk gathered in Seattle for two days of meetings and prepared some short statements 
about “where we are now and where we want to go.”  
 
As the dust settled on this venture, the regional USEPA staffs and their contractors 
prepared three separate information packages: 1) an unedited transcript of all the talks, 2) 



audio tapes of all the speeches and the question-and-answer sessions, and 3) visual 
representations of all the powerpoint slides. All were put together in a single on-line 
package and posted on the web. You can find it via google at “West Coast Forum on 
Climate Change, Waste Prevention, Recovery and Disposal” or 
Yosemite.epa.gov/R10/ecocomm.nsf/programs/wcf. [Also at this site has been posted a 
2009 one-day, Region 9 and 10 seminar entitled, “EPA Waste Reduction Model Webinar 
Part II” which was held on July 9, 2009 in a similar format; this 2009 material is not 
included in this reader’s edition of the 2008 webinar. As of late November, 2009, only 
the powerpoints for the 2009 session had been posted, not the transcript or the audio of 
the speeches.] 
 
While I had been preoccupied with other tasks during that summer, I found all this 
information as good as anything that exists on the subject but thought the material needed 
some reworking for it to be readily available to a wider audience, mostly placing the 
slides and the corrected written comments together on one page. The Education Advisory 
Board of the Altamont Settlement Agreement in Alameda County, California agreed and 
has provided a small stipend to underwrite the costs of this work; the edited assemblage 
of materials now before you has followed. In many cases I have removed the common 
failings of informal remarks to create a more sustained narrative and have extended 
remarks clearly truncated in the interest of meeting imposed time limits; in some (but not 
all) cases, the authors have agreed with my amendments. In placing the slides within the 
text, I have reduced their size in varying degrees, generally guided by the amount of 
information on the slide and the need to make the slide easy-to-read without taking up too 
much space in this document. 
 
While most of what follows is adapted from the webinar itself, I have written several 
sections before and after the webinar materials to assist the student: 

1) The Introduction that follows tries to place this material in the context of our time 
and the developing understanding of this topic from the early 1990s until the 
webinar.  

2) The Executive Summary, called “High Points in the Text,” will hopefully explain 
in advance some of the more complicated aspects of the speeches.  

3) Placed at the end, after the three days of talks, I have a short postscript on how 
things have changed since this webinar was held to highlight recent developments 
plus a small glossary and a planned index.  

 
Your author here, who is neither an economist nor a statistician and also not in any way a 
climate scientist, has hopefully guided you through what are sometimes cumbersome 
materials. The various speakers clearly perceived their audience as a fairly sophisticated 
one and had varying abilities to present a message capable of being readily absorbed by a 
broader audience. As an electronic text it may be revised as time goes on to meet the 
needs of its users.  
 
To complicate matters a bit, in 2009 the USEPA Regions 1 (Boston) and 2 (New York) 
conducted a three days [June 4, June 24, and July 23], two hours each, webinar 
replicating on a smaller scale what Regions 9 and 10 had done in 2008. These forums are 



identified as part of a “Sustainable Communities Webinar” but in subtitle as the 
“Northeast Forum on Climate-Waste Connections.” Some of the 2009 East Coast 
speakers are the same as the 2008 West Coast speakers (e.g., Stolaroff and Allaway) but 
there are mostly local speakers. Again, as of late November, 2009, only some of this 
material was posted on the appropriate USEPA website.  
 
Thank you for reading this.  
 
Arthur R. Boone 
Center for Recycling Research 
Berkeley, California 
November, 2009  
 
 
 
 



INTRODUCTION: BACKGROUND TO THE ISSUES:  
 
INTRODUCTION - PART ONE:  HOW RECYCLING GOT ITS NOSE UNDER THE 
GLOBAL WARMING TENT:  
 
“If you’re not at the table, you’re part of the lunch,” Evan Edgar, at Day 3, Slide 52. 
 
The speeches and pages that follow were, at the time they were issued, a high point in the 
developing understanding of what recycling and global warming/climate change have to 
say to each other. Scholars are increasingly recognizing how recycling allows for 
materials and products to be reprocessed with fewer energy inputs that will reduce the 
extensive energy needs of virgin resource extraction and processing. While recycling has 
been a mainstream issue for thirty years, global warming is much more recently at center 
stage and the connection between the two is only now coming to the fore. In the 
paragraphs to follow I hope to give some background on both issues and how they came 
to be related.  
 
RECYCLING: Recycling has been a common practice in America since colonial times 
when our peasant-farmer ancestors took broken glass and metal items back to the village 
glassblower and smithie for refashioning. The advent of the Industrial Age (roughly 1840 
and after) allowed people to become squanderers of resources, but the attention paid to 
industrial pollution in the late 1960s that led to the Clean Air and Clean Water Acts of 
1970 also led to a bottoms-up, citizen-empowered, move towards recycling our then-
called “solid wastes.”  Drop-off and buy-back programs were developed; many state and 
local governments set goals and timetables for waste reduction; numerous communities 
began curbside collection programs, and the national recycling rate began to climb [10% 
in 1988; 25% in 1995, over 35% now]. As Jerry Powell has remarked, recycling is now 
more common among the populace than eating apple pie, going to professional baseball 
games, sending Mothers’ Day cards, or using public libraries. 
 
GLOBAL WARMING/ CLIMATE CHANGE: These terms are clearly not 
interchangeable but, in keeping with current parlance, I will use the term “climate 
change.” In my understanding of the topic, I have been greatly aided by Spencer R. 
Weart’s book, The Discovery of Global Warming, (Harvard U.P., 2003) which looks at 
the attempts of many scientists to unravel the question of what’s happening with our 
climate.  Unfortunately, the book ends about 2001 and, again unfortunately, is not at all 
interested in our specific concern here.  
       Simply stated, over the last thirty years there has emerged an increasing consensus 
among informed investigators that the burning of fossil fuels (mostly coal, oil, and 
natural gas) has not only created airborne solids which have shielded the earth from the 
sun’s rays but has also raised the level of carbon dioxide in the atmosphere which traps 
the sun’s energy to the earth within the atmosphere. The net result of these countervailing 
forces has been that the world as a whole is warmer and the weather and climate 
considerably different than it has been. The science of climate change has been slow to 
develop but computer simulations and intricate calculations have created a growing, 



commonly-held, conviction among experts that change is afoot that will affect many local 
climates, overall sea-level, rainfall patterns, etc.  
       The United States was itself very much on the defensive as this issue began to 
surface in the 1980s and the 1990s because of our energy-intensive lifestyle and society. 
The USA, with 3% of the world’s populations, consumes 25% of the world’s energy 
(mostly from fossil fuels) and was a primary culprit in the blame game opposing high 
emissions, rising sea levels, etc. At both Rio/Earth Summit (1992) and Kyoto (1997, 
expiring 2012), the small under-developed nations ganged up against the USA to blame 
us for the problem but to let growing GHG emitters like China roam free and off the hook 
of emission reduction policies and programs. (Now, in 2009, China has surpassed the 
USA as the world’s leading GHG emitting nation, but on a per capita basis, USA still 
out-gobbles them all in per capita GHG emissions.)   
       No wonder then, that when the Clinton administration assessed its options in the 
middle 1990s, the Congress beat them up and no national policy for emissions reduction 
and new alternative technologies could develop. The George W. Bush administration 
(2001-2009) was content to “study the issue” and, like Clinton before him, avoided 
pushing Congress. As this is written, the House has passed the American Clean Energy 
and Security Act of 2009 (June 26, 2009) which the Obama administration has cobbled 
together with major concessions to Big Coal, Big Ethanol, Big Private Utilities, business-
as-usual, etc. Left-wing Democrats voted against the bill, saying it gave away too much. 
Whether the fattest pig at the trough can ever go on a diet remains to be seen. A Senate 
counterpart, the so-called Boxer-Kerry bill, is moving around in the Senate but with no 
clear or certain outcome. In mid-November, 2009, President Obama announced that the 
USA would not have any plan to present at Copenhagen (the next international meeting 
scheduled on this topic, set for December 8, 2009), and could only hope to have 
something worked out by mid-2010. 
       One of the more interesting aspects of the national struggle between 1985 and the 
present to acknowledge climate change as a problem has been the thought that reducing 
emissions in the United States would end our economic growth and curtail our 
competitiveness as a world economic power. In the same way that earlier in our time as a 
nation it was felt that imposing any controls on industrial facilities would limit their 
capacity to provide for the ravenous needs of a growing and industrializing populace 
(similar to how China is today), throughout the halls of Congress in the last twenty years 
when this issue has been discussed, the elected leaders saw emissions controls as energy 
reductions and production diminutions. It was perhaps only a California governor who 
had spent his film career playing a cyborg who could convince the public that new 
technologies and new systems would lead us into the promised land of continued 
economic growth and fossil-fuel reductions (remember there’s almost no coal and only 
some natural gas in California). The California Global Warming Solutions Act of 2006 in 
the nation’s largest state (36.5 million people in mid-2009) paved the way for catching 
the public’s attention, at least here on the left coast, and shaming Washington into action 
(more or less).  
 
CONNECTING RECYCLING AND CLIMATE CHANGE:  Anyone reading the “what 
to do next” section of Al Gore’s seminal book on global warming, An Inconvenient 
Truth, published in 2003, would have to recognize that he neither thought nor knew much 



about recycling. This should not be surprising, since in the USA most of the intellectual 
energy of the previous twenty years had been expended only in proving that global 
warming (or climate change) was something that was true rather than false and something 
still to be proven rather than an issue to be recognized and addressed.  
 
Starting in the mid-1990s, the USEPA began to consider promoting recycling as valuable 
not only because it 1) saves trees, ores, and other resources for another day, 2) creates 
more jobs than picking up and burying materials as garbage, and 3) provides less-
expensive finished materials for American industry, but also because 4) the reuse of 
previously manufactured materials saves the energy required to turn raw materials into 
finished materials. [This may be common knowledge to some readers, but for many this 
is a new concept: the finished goods we buy in stores were made in two stages: first raw 
materials, things that occur in the natural environment which we call forest, field, or 
mineral resources, are converted into finished materials and then, secondly, finished 
materials are converted into finished goods. When measurement experts started looking 
at the energy requirements of these two stages of a product’s development and 
manufacture, they were a little surprised in their quantifications to realize that the major 
energy inputs come in the first part: converting ores to metals, wood to paper pulp, sand, 
soda, and potash to molten glass, etc. Turning finished materials into finished products 
may have been more technically difficult, but it was the far less energy intensive part of 
overall production.] (My recent readings suggest that this awareness was present as early 
as the mid-1970s but it didn’t get much traction in the policy discussions until the 1990s.)  
 
There now seems to be some differences of opinion about how the USEPA got these 
“use-of-energy” numbers. It’s always been my impression that the USEPA staff inquired 
of the basic American industries and learned that basic industries already knew how 
much less in thermal input their industrial processes required if they were using used 
materials rather than virgin ones. David Allaway, on the other hand, suggests (Allaway in 
Day 1, Slide 8) that USEPA did life cycle analyses of basic industrial materials and got 
the numbers that way.  (A minor point, maybe, but there’s no resolution on this disparity 
at this point.) 
 
This interest in the energy demands of basic industrial production first became a public 
issue on a policy level as the United States was seeing for the first time in the early 1990s 
that oil imports exceeded domestic production, and it was understood that recycling 
materials through industrial processes would require far less energy in production 
processes than using virgin materials.  USEPA staff saw using less oil as using less 
energy, thus reducing America’s dependence on foreign oil, a major theme then and one 
that has come up often in the intervening years.  
 
About the time of the Kyoto Conference in late 1997, some people within USEPA 
realized that the same savings in energy inputs that recycling materials allowed in 
reducing oil imports, could be also be restated as reducing greenhouse gas emissions. It 
was a simple matter to convert the calculations originally intended to reduce domestic 
demand for imported oil to be used now to reduce the domestic production of greenhouse 
gas [GHG] emissions. This led first in March, 1997 to a draft and then in October, 1998 



to the publication of an important study: “Greenhouse Gas Emissions from Management 
of Selected Materials in Municipal Solid Waste,” an essay still on the USEPA website 
and widely recognized as the most important early document in this field.  
 
 
INTRODUCTION - PART TWO: THE MIDDLE YEARS (1998 TO 2008):  
 
Al Gore’s 2003 book and video is the proverbial tip of the iceberg that stands on top of a 
lot of other work done during this ten year period preceding the webinar and I will now 
try to summarize what’s been done. While I have lived through all of this period, I really 
wouldn’t say that I have paid it a lot of attention but my peers have helped me make this 
more accurate and more correct.  
 

A. WHAT DO YOU COUNT?   
Whenever a new field of human inquiry begins, the first step towards standardizing our 
comprehension is to decide what counts towards “the problem” and what doesn’t. In our 
area this involves deciding 1) which gases were responsible for climate change and which 
weren’t, 2) can we identify the various sources of each gas, 3) did it matter where each of 
the gases came from (e.g., 90% of the methane from cows we now know is from 
belching, not farting; does it matter which end of the cow the gas comes from?, etc.).  
 

B. MEASURING EMISSIONS WITHIN A PROCESS: Some of the more complex 
calculations in this field involve the disparity between the energy demands of two 
different systems, with many variables. If the iron ore is turned into iron next to 
the mine, the energy inputs are different than if the ore moves from Duluth, 
Minnesota to Pittsburgh, Pennsylvania before being turned into iron. If scrap glass 
is trucked twenty miles to be cleaned and taken to a glass bottle plant next door 
versus a 500 mile trip, the emissions will vary. Many assessments will change 
depending on the parameters; not my field but lots of sticky wickets.  
 

C. GARBAGE-AS-USUAL FIGHTS BACK: In the same way that filter-tip 
cigarettes got a play in the 1960s when more and more folks came to realize that 
inhaling tobacco smoke was bad for you, as the information started piling up in 
the first decade of the 21st century that wasting materials in incinerators or 
landfills was not good for the environment, the garbage companies and the 
landfill and incinerator owners began to fight back with a variety of information 
and opinions:  some accurate, some misleading, but all of it aimed at proving to 
the general public (and regulators, elected officials, etc.) that the existing 
operations were useful and as much as could be hoped for. While the proponents 
of landfills had no particular comeback to the green claims for recycling as 1) 
saving trees and other resources, 2) creating more jobs than landfilling, and 3) 
providing inexpensive resources to the manufacturing community, when the issue 
turned to air emissions, the apologists for the landfill industry made four major 
claims for their system to manage our throw-aways (I offer no refutation of these 
claims at this point):  

 



1. Landfills can burn their methane to make heat, then steam and finally run turbines 
to make electricity. These operations, usually on or near a landfill, are known as 
“waste-to-energy” [WTE] or in some cases “energy from waste” [EFW] facilities; 
their indirect effect is to require less coal (or some other fuel) to be burned for 
energy production. A good sized operation can create as much electricity as 5,000 
homes will consume in a year. The argument here is that since a lot of energy-
packed materials (mostly papers, plastics and some organics) don’t get recycled, 
you might as well burn them and get the energy value of the material. Even 
though the WTE process makes carbon dioxide, it does destroy methane [CH4] 
and that is a good in climate change discussions.  

 
2. Landfills Can Sequester Carbon: If more carbon dioxide (CO2) is bad for the air, 

then it would be good to keep all carbon-based products that could form carbon 
dioxide away from any opportunity to make CO2. If carbonaceous materials can 
go into landfills and not degrade, then this practice indirectly prevents CO2 from 
forming. We know that if you dig up old landfills, you find lots of un-rotted 
wood, so landfills must be good for the environment. According to Evan Edgar, 
Day 3 speaker, at slides 39 and especially 47, the wasting firms tried to get some 
credit for sequestering carbon in landfills but were pushed back with no policy 
being formed. 

 
3. Landfills have little fugitive methane: It’s well known that a lot of other materials 

with carbon in them (not the ones that don’t rot but the ones that do) do rot in 
landfills and form CO2 and CH4, known as methane. Landfills have been 
claiming various degrees of efficiency (generally 75 to 99%) in capturing the 
methane and turning it into energy, water vapor, and CO2. Since a unit of 
methane has a lot more global warming effect than a unit of CO2, even if you 
make CO2 from CH4, you’ve come out way ahead. (It’s sufficient to say here that 
these optimistic scenarios (i.e., high numbers) for methane capture are not 
universally believed; some opponents of high methane capture claims assert that 
the total methane capture rate is closer to 20% of all the methane made and not 
the 75% figure widely argued; a lot of research is being performed at this time to 
validate the higher claims, not the lower ones; the speakers in the program make 
frequent reference to this issue.)  
 

4. Businesses operating curbside collection contracts believe they should get a 
portion of whatever credits or benefits are available for diverting valuable 
materials into the recycling infrastructure and away from landfills or incinerators. 
The value of recycling materials in reducing industrial emissions has now been 
determined, so why can’t the businesses that collect curbside materials get a 
portion of the credit that is due for this good work? Most of the discussions of this 
argument that I have heard have been fairly idle speculation or claims and I’m not 
aware of any used materials transportation company having worked out an official 
arrangement so that they get x percent of any credits that will be awarded for 
recycling a specific material. Evan Edgar has an interesting comment on this issue 
at Day 3, Slide 52. 



 
 

INTRODUCTION – PART THREE: THE CURRENT WAR BETWEEN LANDFILLS 
AND RECYCLING:  
 
In the early days of recycling’s high-profile phase (in California this was the early and 
mid 1990s when most of the cities developed their curbside programs), there was a 
certain sense that solid waste was on its way out. Although some garbage hauling 
companies were known as “scavengers” [a rough definition of that term would be one 
who gets the goodies out of what others throw away], in fact most of the garbage industry 
had done little or no recycling for a generation, but the cities, in their rush to get some 
sort of a program in operation for compliance with the 1989 state law on waste reduction 
and recycling, went to their waste haulers and asked them to start recycling collections as 
well.  
 
Whatever fears the haulers had that everything would go in the recycling bin and garbage 
would disappear gradually dissipated as it became clear that recycling took a piece of the 
waste but that large quantities of discarded materials would continue to be disposed of as 
garbage; a typical cans, bottles, and newspapers program in the mid 1990s would have 
about 65% of the eligible households as participants and get about 20% (tops) of the total 
weight of materials disposed of through the garbage and recycling systems. The early 
curbside programs were capturing 20% of 65% of 100% of what was being discarded, a 
13% “success” rate. Later amendments to curbside programs, such as including multi-
unit residences, adding all papers and some plastics to what was picked up, increased the 
success rate to 20-25% but it was really only with the development of green cart 
programs in the late 1990s to pick up first, grass, leaves, plant trimmings, etc., then, two, 
food debris and soiled paper, that residential collections programs went over a 50% 
success measure.  
 
Except for the arguments discussed above, landfills have been a little “flat-footed” in 
responding to the challenges that recycling has offered. As the general public’s attitude 
has shifted in the last twenty years from “looking at recycling as a few things we keep out 
of the garbage” to “garbage as a few things we don’t know how to or care enough to 
recycle,” landfills have been on the defensive but a consortium of owners, operators, 
quite a few of the electeds, and unfortunately many public works officials have kept them 
viable. The fact that dramatic waste reduction ventures, commonly thought of as “90% of 
all discards are being recycled or composted” have occurred only where highly conscious 
communities such as some households and businesses exist that preach, promulgate, 
establish systems with annual goals and timetables, enforce, managing for continuous 
improvements, etc. has led many thoughtful observers to think that less waste is “easier 
said than done” (a subtitle added by a thoughtful editor to a piece I wrote on zero waste 
several years ago).  The fact that with population growth and the apparent continuing 
plethora of goods in circulation means that waste volumes, whatever the recycling rates, 
have shrunk only slightly over the last twenty years. 
 



A further troubling thought is that while the webinar following sought to bring together 
the best informed people on this topic, none of the speakers noted that landfilling and 
incineration simply “wasted” materials that could otherwise be recycled or composted 
with the great benefit that additional new energy inputs could be avoided. In May, 2006, 
John Davis of the California Resource Recovery Association was the first person (in 
California at least) first to calculate what the energy savings would be if all the materials 
then being wasted were recycled instead and then he went public with that data (although 
it fell mostly on deaf ears at the time). It’s only a small step from these calculations to 
deploring the wasting of these materials and calling for the termination of landfilling as 
the “zero waste” movement and the Cool 2012 Campaign promote (See Gary Liss, Day 2, 
Slide 78). But the old paradigm that gives landfilling a major role in discards 
management still hangs like a pall over all these discussions.  
 
Realizing that the further practice of recycling will reduce industrial emissions in this 
country and make a small but significant step towards reducing this country’s GHG 
emissions will (its proponents hope) bestir more of the country to plan and execute 
programs that will improve recovery rates. The pages that follow are an important step in 
trying to convey detailed (and in some cases difficult) information to a broader audience.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



EXECUTIVE SUMMARY: HIGH POINTS IN THE TEXT:  
 
While some readers will follow every word and slide in the text that follows with great 
interest, others will find the material a little dry, too much detail, obscure information, 
etc. So a few of us talked among ourselves and identified what we thought to be the 
major points in the materials that follow. These are our conclusions.  
 

1. Making finished goods from used materials requires a lot less energy than making 
finished goods from virgin materials. This is the foundation of the USEPA’s 
Waste Reduction Model analysis and the subject of STOP TRASHING THE 
CLIMATE. Best said here in Jeff Morris, Day 3, Slide 17 and also mentioned by 
Kaufman at Day 1, Slide 49.  Gary Liss comes at this issue another way in 
quoting a report of the Global Warming Council of the California Resource 
Recovery Association (Day 2, Slide 78) to the effect that if California recycled all 
of the materials now being wasted it would, from a greenhouse gas emissions 
reduction point of view, be equivalent to taking all of the automobiles off the road 
in California. The effects of recycling currently non-recycled products and 
materials is mentioned elsewhere but Liss notes the issue most clearly. The author 
of this CRRA report, John Davis, appears as a speaker at USEPA Webinar in 
July, 2009.  

 
2. Recycling beats Energy Efficiency (and all other EE items) for GHG Reductions: 

The second half of Lisa Skumatz’ speech (Day 3, Speaker 3, especially slides 66-
73) highlights her studies that, on a dollar-for-dollar basis, more recycling gives 
you more GHG reductions than energy efficiency, solar panels, wind power, etc. 
In several speeches since this presentation in August, 2008 she has reiterated 
these findings but without much apparent impact on the decision-making 
community. Climate Action Plans as are currently being written in California and 
elsewhere need to look at recycling and many give recycling short shrift. This is 
“out-of-the-box” thinking, maybe not yet ready for prime time, but still very 
important. (See also Kaufman, Day 1, Slide 47.) 

 
3. Whatever the energy costs of collecting recyclables in a curbside program, those 

costs are more than offset by the large energy savings that come from making 
materials from used materials that were collected rather than from scratch. Major 
point of Allaway (Day 1) and Morris (Day 3). 

 
4. The first major analysis of how important waste is in determining total GHG 

emissions came from the IPCC and was picked up by the USEPA; the pie chart 
which shows waste as responsible for only 3% of the emissions is shown in 
Skumatz (Day 3, Slide 66) but is argued with and disagreed with by many of the 
speakers, including Allaway (Day 1) and (all in Day 3) Morris, Skumatz 
[especially slide 74], and Stolaroff.  

 
5. The USEPA’s Waste Reduction Model [WARM] doesn’t tell the story right about 

composting. Jeff Morris talks about composting upstream impacts not being 



properly considered (Day 3, Slide 14, para.2) and the point is mentioned in 
several other places.  

 
6. While the recycling community has heard for years from the basic materials 

manufacturing industries that they like recycled feedstocks if the contamination is 
low, those who are responsible for collections have not heard as much from the 
compost- and mulch-consumers about how pleasing urban organics are when 
turned into compost. Sally Brown talks about the practical downstream benefits of 
soil amendment derived from composting at Day 2, Slides 65-73. 

 
7. There is no right economic model: Models are built by hand and make some 

activities look good and others bad or less good. Jeff Morris [Day 3, Speaker 1] 
explains that well. If you don’t like the model you have, make another one.  He 
also, perhaps better than any other speaker, indicates the subtleties and difficulties 
of doing so-called life-cycle analyses; recycling paper may be a great idea but it 
makes for a lot of nitrogen dissolved in process water that creates problems for 
the environment (Day 3, Slide 22 and following).  

 
8. One of the complicating factors in measuring the impact of an emissions 

reduction program is knowing (or not knowing) what is the source of the energy 
that you’re reducing by your new program. If that energy is made by coal or 
garbage burning, your positive effect is much greater than if the energy came 
from natural gas or hydro. (See Day 3, Morris and Skumatz (slide 69).) 

 
9. ICLEI isn’t doing recycling any favors. Debra Kaufman makes the point that the 

ICLEI model for identifying GHG emissions follows the IPCC and gives 
recycling a small role. Considering the large role ICLEI has been playing in local 
governments’ climate action plans, this is unfortunate. Ms. Kaufman is more 
supportive of ICLEI than other progressive policy advocates but she focuses on 
ICLEI’s strength, not its weakness. (See Kaufman, Day 1, Slides 39 and 61.) 

 
10. Methane capture at landfills is getting some basic research that differs from the 

high claims of the USEPA’s 75% capture rate and the 90-99% claimed capture 
rate of others. At Day 2, Slides 31 and following, Sally Brown reports on research 
showing that a lot of methane made in landfills is never captured there.   

 
11. When you ask a layperson what goes on in a landfill, they would presumably 

answer “rotting,” but it’s actually some fairly detailed microbial practices which 
appear to be well-understood; five different stages. See Stephanie Young, Day 2 
at Slides 5 and 6. Also Brenda Smyth at Day 2, Slide 36. 

 
12. Nobody seems to understand why anaerobic digestion operations have not moved 

forward faster in the USA.  Brenda Smyth talk about them (Day 2, Slides 35-51) 
but doesn’t seem to get under the surface of that issue very well.  

 



13. Sally Brown sees from her practical experience that aerobic composting yards (if 
properly managed) rarely produce much methane. Day 2, Slide 59.  

 
14. At the end of his talk (Day 3, slides 31-33), Jeff Morris touches briefly on the 

social value of recycling to reduce GHGs as separate from the market value of the 
recyclable materials. He opens, but has no time to speculate, on how the full value 
of recycling could be achieved.  

 
15. Stolaroff sees a commonality of all the somewhat similar ventures of energy 

efficiency, waste reduction, pollution prevention, etc. “Meet the same human need 
with lower demand on resources and a lower impact on the environment.”(Day 3, 
Slide 82).  

 
16. Stolaroff sees that total recycling will solve only some of the problems connected 

to the large GHG emissions resulting from the “movement of goods and 
materials” that he has calculated. More thought (and possibly control) on what is 
made in the first place, etc. (Day 3, Slide 90).  

 
17. One of the problems that has bothered the modelers about climate change and 

recycling is the fact that, particularly in California, a very small portion of the 
materials collected for recycling in that state will actually be turned into new 
products in that state. Because of the trade imbalance between USA and Asian 
countries, many sea containers would have gone back westbound (USA>Asia) 
empty but are now filled with used metals, papers, and some plastics to be 
reprocessed in Asia into finished goods from used feedstocks. The California anti-
emissions law of 2006 is clear that out-of-state electrical generation (lots of coal-
fired power plants in Arizona and New Mexico sell power to California) is under 
California’s emissions-reduction plans but the law is silent on out-of-state 
recycling. Several of the webinar’s speakers mention this issue but none directly 
address it.  

 
18. A number of states aren’t really doing too much on climate change issues; see the 

report from the Western states at the end of Day 1.  
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READER’S EDITION of WEST COAST FORUM ON CLIMATE CHANGE, WASTE 
PREVENTION, RECOVERY, and DISPOSAL 
 
Sponsored by USEPA, Regions Nine and Ten  
 
First Session – Day One: June 26, 2008:  
 
DAY 1: INTRODUCTION TO CLIMATE CHANGE AND MATERIALS MANAGEMENT 
 
DANA WARN, USEPA REGION 10:  Welcome to the first West Coast Webinar of a three-part series on  
climate change, waste prevention, recovery and disposal organized by the Environmental Protection  
Agency offices in Regions Nine and Ten.  We are really happy to have you participating.  This Webinar will 
provide an introduction to climate change and materials management. Our first speakers are David Allaway and 
Debra Kaufman.  
 
Part I: Presentation of David Allaway, Senior Policy Analyst, Oregon DEQ.   
 
SLIDE 1:  

 
SLIDE 2:  

 



SLIDE 3:  

 
 
 
DAVID ALLAWAY: Good afternoon.  I’m David Allaway with the Oregon Department of Environmental Quality; 
I’d also like to welcome you to this, the first of three Webinars. As the introductory speaker, my objective is to 
provide a high level overview of how waste prevention, recycling and composting can reduce greenhouse gas 
emissions.  This is a broad topic; I have limited time, so I’ll emphasize that my presentation is intended to be 
introductory in nature.  Fortunately, some of the topics I’ll introduce will be explored in greater detail by Debra 
Kaufman and speakers in the Webinars scheduled for July and August. I’ve also included my e-mail on these slides, 
which you can download if you want to follow up with me later.  
  
SLIDE 4:  
 

 
 
I’ll start by covering some of the basics and sharing a framework for understanding the greenhouse gas benefits of 
waste reduction.  I’ll then explore some implications for waste and waste reduction programs. I’ve put the word 
“waste” in quotes on this slide for a reason: We in the field of waste reduction use this word a lot.  We talk about 
waste reduction and the waste sector and the waste management hierarchy of reduce, reuse, recyclen but the use of the 
term “waste” can be really misleading in the context of greenhouse gases.  From a greenhouse gas perspective, many 
of the benefits of waste prevention and recycling have very little, if anything, to do directly with avoiding landfill 
emissions.  While landfills are significant and offer real greenhouse gas reduction potential, it’s my experience that it 
can be a strategic mistake to over-emphasize the landfill emission reduction potential of waste diversion programs 
relative to the need to address the upstream production-related benefits of recycling and prevention.  
  
 



SLIDE 5:  
 

 
 
In its simplest form, the greenhouse effect is caused by the build-up of certain heat-trapping gases in the earth’s 
atmosphere.  These gases trap heat in that they allow solar radiation to pass through the atmosphere which warms 
the earth but they then block heat in the infrared spectrum that would normally be radiated back out into space and 
cool the earth.  As a result, the earth warms more than it cools.  
  
SLIDE 6:  

 
 

 
The gases that we’re most concerned about for today’s discussion are three: carbon dioxide, methane, and nitrous  
oxide.  These gases do not all have the same effect in the atmosphere.  For example, methane is much more potent 
than carbon dioxide in trapping infrared radiation, but methane has a much shorter life in the atmosphere than carbon 
dioxide, lasting on average only about 12 years. It’s common to express the relative warming impacts of different 
gases as “global warming potentials,”  known in the trade as GWPs.   These numbers act as multipliers that allow 
us to convert all gases to a common metric known as “carbon dioxide equivalents,” or, in shorthand, “CO2E.”  
     Over a hundred year time span, which is the time horizon most commonly used, (not necessarily the best but 
the one in common usage) one kilogram of methane has 21 times the global warming potential of one kilogram of 
carbon dioxide, so emitting one kilogram of methane into the atmosphere is equivalent of emitting 21 kilograms of 
carbon dioxide.  
      I must emphasize that the use of the span of 100-years for measuring  global warming potential is fundamentally 
a values choice, or even a political choice.  It’s not mandated by the science, and this convention is increasingly  
being challenged.  As the understanding of the impact of global warming grows and the pace of change appears to be 
quickening, the need to reduce emissions now, not some time in the future, is becoming more apparent, and so 



rather than evaluating the impacts of gases over a 100-year time horizon, perhaps we should evaluate their impact 
over a 20-year time horizon, which is when dramatic action is needed to try and stabilize emissions and the climate 
and avoid the worst case scenario of runaway unstoppable climate change. If we take that time horizon, 20 years, 
methane is even more potent, 72 times more damaging than carbon dioxide. If you’re interested in following up on 
this, the URL at the bottom of this slide will take you to an interesting document from the non-profit group Eco- 
Cycle (Boulder, Colorado) with more information on this topic.  
 
SLIDE 7:   

 
 

  
A few more basics on the words we use.  Sometimes emissions are expressed in carbon dioxide equivalents and  
sometimes they’re expressed as carbon equivalents, and there’s a mathematical relationship between those,  
shown here. As a caution, when you talk in this field, you should never report emissions without also reporting the 
unit of measurement, so don’t just say “x units of greenhouse gases” because that’s meaningless. 
      Another important distinction is between biogenic and anthropogenic emissions.  For example, removing 
carbon from under the ground in the form of coal and putting it into the atmosphere via combustion is a human-
caused source of emissions, known as “anthropogeneic.” Similarly, if we cut down a forest and convert that forest 
into a parking lot and burn the wood, the carbon that was in the trees is transferred from the biosphere to the 
atmosphere, and there’s no place for it to come back down; we’d call that an anthropogenic emission.  
      In contrast, if we cut trees in a tree plantation and replant them with more trees, if this activity can be conducted  
in perpetuity, then burning the wood is not considered a source of anthropogenic emissions and is called a 
“biogenic” emission.  The carbon dioxide emissions from the cutting and burning will be offset by a comparable 
removal of carbon dioxide from the atmosphere as the new replacement trees grow.  This action is presumed, and I 
have to emphasize the word “presumed” at this point, it is presumed to mirror natural cycles of growth and decay in 
a steady state natural system, and so these emissions are called biogenic and currently are counted separately from 
anthropogenic emissions.  
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This slide presents a useful framework for thinking about materials and wastes.  The USEPA first developed this 
modeling and it underlies the USEPA’s WARM software that is used to estimate the greenhouse gas benefits of 
waste prevention, recycling and composting.  Let’s take a quick look at the six activities that involve materials and 
create emissions.  Back in the 1990s the USEPA used a life cycle analysis type of approach to examine some 30-
plus different materials in order to evaluate the greenhouse gas emissions, sinks and offsets associated with extracting 
the raw materials, converting those materials into products we buy via manufacturing, distribution and retail, and 
then managing any discards as they emerge via recycling or composting, as well as combustion or land filling.  
  
1. Raw materials extraction, up at the top here, results in carbon dioxide emissions primarily due to fossil fuel  
use.  The extraction of wood from forests can also result in a reduced amount of carbon stored in forests,  
and this is referred to as reduced carbon sequestration, and this can count as a greenhouse gas emission.  
  
2. Manufacturing is a major use of fossil fuels, and as such, a huge source of carbon dioxide emissions.  There are 
also non-energy process emissions from manufacturing.  An example of that would be carbon dioxide that is 
chemically released from limestone when limestone is heated at high temperatures to produce lime.  This is a 
component used to make aluminum, steel, and some grades of paper. There are also emissions caused by the 
transportation of finished goods to warehouses and ultimately retail establishments where we buy them for our use.  
 
Now when it comes time to get rid of what we don’t want, we have four major options:  
 
3. Recycling of many materials reduces fossil fuel use in manufacturing, and this translates into a reduction in  
greenhouse gas emissions. The USEPA also holds that recycling and preventing the use of paper in the first place 
can lead indirectly to an increased amount of carbon stored in forests.  The mechanism by which this happens is not 
the simple “one ton of paper recycled saved 17 trees.”  Rather, it’s a complex macro economic phenomena that  
occurs as increased quantities of paper being recycled sends price signals through the markets that induce landowners 
to change the frequency at which they cut trees and also the amount of land managed as forests. This is a 
hypothesized benefit, and the estimation of the quantity is the result of a several-year long research collaboration 



between the USEPA and the U.S. Forest Service.  
  
4. Composting can result in carbon dioxide emissions due to fuel use by composting equipment, but it has a larger 
countervailing benefit as carbon-rich compost is applied to soils.  In the composting process, some of the carbon in 
yard and food waste is converted into complex and relatively stabile humic molecules.  This carbon is then stored in 
soils that are treated with the finished compost.  This carbon is typically biogenic in origin, and so its storage in 
soils represents, from a life cycle perspective, a net removal of carbon from the atmosphere; it thus counts as an 
emissions offset.  
  
5. Combustion is another way to manage our discards and releases nitrous oxide and carbon dioxide to the 
atmosphere, although conventionally we only count the carbon dioxide that is anthropogenic in origin. For 
example, from the combustion of fossil-derived wastes such as plastics and not from wood or paper.  Energy 
recovery has the potential to displace fossil fuel use elsewhere, representing an emissions offset.  
  
6. Landfilling:  The USEPA’s framework treats landfilling by acknowledging the potent methane emissions that  
escape gas collection systems and also escape oxidation at the landfill surface. Stephanie Young from California will 
explore these phenomena in greater detail next month.  Landfills also provide an opportunity to store biogenic 
carbon, just as composting does, and landfill gas energy recovery systems may displace fossil fuel use elsewhere, 
representing another emissions offset.  
 
SLIDE 9: 
  

 
 
This slide provides the URLs for USEPA’s background document that explains all of this in much greater  
detail, as well as USEPA’s waste reduction model, known as WARM, that can be used to compare the greenhouse 
gas impacts of, say, recycling compared to land filling, or composting compared to incinerating, a wide variety of 
waste materials.  WARM uses emission factors that are derived by USEPA using the framework that I just 
described.  USEPA’s level of documentation is very good, and while WARM is far from perfect and has some 
elements that are controversial, it represents a very valuable tool for those of us interested in estimating and 
documenting the greenhouse gas benefits of waste reduction.  
 
 
 
 
SLIDE 10:  



  
 
Now I want to mention a few issues specific to landfills, and you’ll hear more about some of these in the  
July Webinar.  
  
1. Many people assume that the primary benefit of collecting landfill gas involves turning that gas into energy, 
what’s known today as “waste-to-energy.”  In fact, most of the benefit derived from generating energy from landfill 
gas is in the act of burning the methane and converting it to carbon dioxide, which is much less potent of a 
greenhouse gas than methane.  This can be done in a flare; energy recovery is not necessary. From a GHG 
perspective, energy recovery really represents frosting on the greenhouse gas emissions reduction cake.  Now, 
economics may mean that a landfill with energy recovery does a better job at collecting more gas and burning it off 
in the first place.  That’s a slightly different issue. Economics may also mean that landfill operators with energy 
recovery systems in place have an incentive to maximize gas production, and thus direct feedstocks into the landfill 
and manage operations so as to produce more gas as opposed to less. That can have negative consequences as even a 
small amount of  fugitive landfill emissions can swamp any greenhouse gas benefits from energy recovery.  
     A side issue here (but an important one)  is how landfill gas recovery systems fit into a renewable energy 
portfolio standard.  In Oregon and several other western states, electric utilities are required to meet a certain 
percentage of  their electrical energy supply needs from so-called renewable sources.  If landfill gas systems attract 
more investment dollars, there may simply be less money invested in developing other renewables such as solar or 
wind.  
 
2. My second bullet point here, and those of you in California will know this topic very well, is that carbon  
storage in landfills has generated a lot of debate.  In the interest of time, I’m not going to explore that debate here, 
but I think that any emissions inventory of a landfill should keep methane emissions and carbon storage separate, if 
you count carbon storage at all.  If you combine them, you have the potential of showing that landfills are a net zero 
emission facility, even as they continue to put methane into the atmosphere.  There is always the potential that, 
from an accounting perspective, the credit for a landfill from sequestration may appear to negate the landfill’s 
methane emissions; that would be unfortunate. Carbon storage credits should never be used to mask the emissions 
of a landfill.  
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3. The one last point of caution regarding landfill emissions is that the timing of emissions is highly variable; the 
stuff in landfills that rot will give off methane but there’s no fixed schedule.  Some materials rot quickly, others 
much more slowly. The graph here portrays hypothetical landfill gas generation from a fixed mass of waste in two 
different landfill environments: one wet, the other dry.  The theory of landfill gas generation holds that the overall 
amount of gas generation (the area under the curve) will be the same whether the landfill is wet or dry, but in a wet 
landfill, the emissions will peak much sooner and exhaust themselves much sooner, whereas the dry landfill will 
generate more of a long slow leak.  
      One important corollary of this is that the greenhouse gas benefits of landfill methane avoidance, when we don’t 
put waste into landfills at all, are not necessarily immediate.  It depends on the waste, its lignin content, the 
moisture content of the landfill and other operating conditions.  Food, grass, brush, and different grades of paper all 
decompose and give off methane at different rates. This is different from the energy conservation benefits of recycling, 
which tend to occur within weeks or months of the recyclables being collected.  So if we’re looking for immediate 
emissions reductions, landfill diversion for the sake of avoiding later landfill emissions might not provide our 
biggest short-term potential.  The benefit is at least partly, if not largely, delayed, and the extent of that delay in 
time will vary with the waste type and the landfill conditions.  
  
SLIDE 12:  
 

 
Here we list a few of the caveats about USEPA’s WARM model.  1) The energy benefits of recycling are based on 
averages from domestic mills.  Results may vary widely between individual markets and will likely vary quite 
widely between different nations.  2) The forestry-related benefits of recycling and waste prevention are still 
somewhat speculative, and these benefits strongly drive the results for certain materials, especially corrugated and  
office paper. 3) Some of the benefits of composting might not be fully quantified in WARM, and in July you’ll hear  



several presentations regarding some exciting new research in this area. 4) The quantity and timing of methane 
releases from landfills are highly variable depending on site conditions, as are the effectiveness of gas controls.  
Again, you’ll hear more about these next month.  And USEPA’s report itself lists several other important caveats.  
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So what has all of this taught us?  This slide shows the relative emissions over its life cycle for a ton of  
various materials produced and then finally placed in a landfill. For many materials, such as aluminum, glass, PET, 
carpet and tires, the emissions are almost entirely in production (that’s in blue).  The landfill emissions for those 
materials are limited to equipment operations because these wastes don’t degrade. Papers and other organics are 
different.  For corrugated, for example, the production emissions are about twice the net landfill emissions for the 
average US landfill after subtracting out the carbon storage benefit – that’s the reddish bar.  If the carbon storage 
isn’t counted, or if it’s applied to a different sector such as the forestry sector, then the landfill emissions are slightly 
higher than the production emissions, as shown in green.  
      For third class mail, newspaper and lumber, the net emissions under the WARM model are actually  
negative if one includes the carbon storage benefit.  I mentioned the danger of this interpretation earlier in that the 
averaged numbers mask the real methane emissions from that portion of the waste that does undergo decomposition.  
Those emissions are shown green.  But the point I want to make here is that for many materials the greenhouse gas 
impacts from production dwarf the emissions resulting from landfilling a ton of a specific material.  
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In  2004, a study at the Lawrence Berkeley National Labs in California  reached similar results. This study 
compared how a wide variety of products contribute to emissions from the three stages of their life: manufacturing, 
use, and end-of-life, which are, respectively, in blue, yellow and red. Note, for example, the third product on the left, 
which is a car, about 13 percent of its lifecycle greenhouse gas emissions are involved in making the car and 
everything that goes into it, the rubber, the urethane, the steel, et cetera.  The other 87 percent of the emissions 
occur during the use of the car, those are the tail pipe emissions.  End-of-life emissions are so small for a car that 
they don’t even register for this and also many other products.  And they certainly never dominate the equation.  
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In 2004 here in Oregon, we attempted to calculate the total emissions from producing and then managing the 
materials after they were discarded, assuming no changes in our practices. WE NOW KNOW THAT THIS EARLY 
ATTEMPT SIGNIFICANTLY UNDERCOUNTED EMISSIONS ASSOCIATED WITH THE PRODUCTION 
OF THE MATERIALS AND YET, DESPITE THIS, THE ESTIMATED PRODUCTION EMISSIONS (10.9 
MILLION METRIC TONS OF CARBON DIOXIDE EQUIVALENT) STILL DOMINATE FOR THE ENTIRE 
MIX OF MATERIALS THAT MAKE UP WASTE GENERATION IN OREGON. YOU CAN SEE THAT 
RECYCLING OFFERS SIGNIFICANT GREENHOUSE GAS REDUCTIONS AND THAT THE LANDFILL 



GROSS EMISSIONS ARE SIGNIFICANT BUT NOT OVERWHELMING EVEN WITHOUT THE 
INCLUSION OF THE ENERGY RECVOERY OR CARBON STORAGE CREDIT THAT WOULD BE 
INCLUDED IN EPA’S WARM MODEL.  
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THE IMPACT OF PRODUCTION IS ESPECIALLY IMPORTANT WHEN YOU LOOK AT OUR DATA AND 
AT SOME OTHER STATES AS WELL ABOUT WASTE GENERATION. Oregon has been studying waste 
generation since 1992; like most other states, Oregon defines generation as the sum of recovery and disposal. Unlike 
many other states, we have taken great effort to measure recovery exactly, not simply by estimates. This slide shows 
the pounds of waste disposed, recovered and generated on the basis of pounds per person per day over a 15-year 
period.  Despite the more than doubling in per capita waste recovery (1.5 pounds per person per day in 1992, up to 
3.7 in 2006), the per capita disposal – show as blue trashcans – continues to climb.  But we don’t view that 
anymore as the compelling environmental problem.  Rather, it’s that much of the increase in per capita generation is 
the result of  increasing consumption.  Increasing consumption only occurs if production increases along with it.  
And since pound-for-pound production is so much more impactful than disposal, on average, it’s the increase in 
consumption that’s suggested by this trend that is deeply troubling from a climate perspective and fundamentally 
not sustainable.  
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As you would probably know, waste prevention and reuse, when viewed through the lens of greenhouse gases, are 
almost always preferable to recycling.  I’ve included on this slide a link to a report on the environmental benefits of 
waste prevention (this is some work we did here in Oregon in 2006), as well as a few examples of the benefits of 
reuse, looking at a personal computer and a corrugated box, comparing reuse to recycling.  
 
 
SLIDE 18:  
 

 
This slide introduces the lifecycle analysis that DEQ recently commissioned of e-commerce packaging.  The study  
lists 26 different packaging options for the shipping of non-breakable items through the mail by a catalog or an e-
commerce order fulfillment center.  The options include a highly recyclable corrugated box with a wide variety of 
void fills, and a variety of shipping bags, many of them difficult to recycle.  An asterisk in the slide indicates that 
we evaluated both lower and higher levels of post-consumer content.  
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This slide summarizes the fossil fuel-derived carbon dioxide emissions over the entire lifecycle of these various 
options; the range of results for the low post-consumer box and void fills are represented by this first bar up on the 
top.  The high post-consumer content box with void fills is shown below.  On the left are the five low post-
consumer content shipping bags and the five high post-consumer content shipping bags. You’ll note that while 
recycling and recycled content provide greenhouse gas benefits, they don’t necessarily make for very good criteria 
when comparing dissimilar materials.  In contract, the reason that all the bags have such lower emissions is because 
they weigh so much less and allow the products to be shipped much more compactly, so that’s a powerful example 
of waste prevention.  
 
SLIDE 20:  
 
 

 
 
While many states have statutory materials recovery goals, Oregon might be unique in having both statutory 
recovery and waste prevention goals.  This slide shows our early modeling of greenhouse gas emissions over the 
lifecycle of materials that contribute to municipal waste in Oregon.  In pink are the emissions under a business-as-  
usual scenario where per capita waste generation continues to rise and the recovery rate remains stalled at 47  
percent.  The blue line shows a small incremental reduction in emissions if we can bump recovery up to  
our statutory goal of 50 percent.  The red line shows a much larger reduction in emissions if we can  
achieve our statutory waste prevention goals.  That won’t necessarily be easy, but it’s imperative from a  
greenhouse gas perspective.  
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DEQ recently adopted a waste prevention strategy; here’s the URL. The document is only four pages in length, so 
you might want to check it out after the presentation.   
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Now we want to look at recovery, a term which Oregon defines as the sum of recycling, composting and certain 
forms of combustion.  Using the USEPA’s WARM model numbers, we now estimate, as part of our annual 
materials recovery survey, the greenhouse gas benefits of recovery and the energy benefits of recycling, and they’re 
really quite large and very empowering to folks who are in the recycling and composting community. Recovery  in 
Oregon in 2006 reduced greenhouse gas emissions by three and a half million metric tons of carbon dioxide 
equivalent; that’s the equivalent of taking almost three quarters of a million cars off the road.  And given that our 
state’s population is less than four million people and many of us don’t drive, that’s a really big reduction.  The 
energy conservation benefit of all this recycling is equivalent to 214 million gallons of gasoline, or just over one 
gallon of gas saved for every Oregonian every week of the year.  Of course, many of these energy benefits aren’t in 
the form of gasoline or liquid fossil fuels.  They’re in the form of coal, hydro and wood, but people like to talk 
about energy savings in the form of gallons of gas, so that’s the dimension we’ve adopted here.  
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We’ve also looked closely at the greenhouse gas impact of curbside recycling.  Some of our collection companies, 
faced with rising diesel prices and concern about emissions from their collection fleet, are interested in reducing the 
frequency of curbside collection, for example, going from weekly collection on the same day as garbage to every 
other week collection of recyclables. We estimate that collecting 100 tons of mixed recyclables from households 
results in about (and this is a very rough estimate) four metric tons of carbon dioxide emissions from the collections 
fleet and the upstream production and transportation of the diesel fuel.  Reducing the frequency of collections from 
weekly to every other week for recyclables might cut those emissions by something less than half, resulting in about 
a two metric ton reduction in emissions for every 100 tons of recyclables collected.  
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But this same 100 tons of recyclables, when delivered to markets who use them in lieu of virgin feedstocks,  results 
in a decrease in emissions (from a global systems perspective) of approximately 235 metric tons of carbon dioxide 
equivalents.  So curbside recycling represents a fantastic investment in carbon emissions reductions.  You reduce 
emissions by a factor of about 60 times greater than what the collection fleet emits.  And that’s largely a 
consequence of the energy conservation and induced forest carbon sequestration benefits of recycling.  Further, with a 
switch to less frequent collection of recyclables, the resulting inconvenience, confusion and lack of parity with 



garbage collection, it’s believed to translate into a loss of recyclables collected, all other things being equal.  If the 
tonnage of materials being recycled were to fall by more than one percent or so, the result from this global 
perspective would be a net increase in greenhouse gas emissions;  so it’s really all about the tons.  
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What about moving recyclables in a smaller truck or a personal vehicle? Much of Oregon is rural and running large 
trucks long miles to collect small quantities of materials seems fruitless. While collecting large quantities of 
recyclables in a large truck might make good sense from a carbon perspective, is the self-haul of small quantities in 
personal vehicles a bit more sketchy? As this slide shows, it can still be justified, without a doubt, especially if the 
additional distance required to travel is small and/or the quantity of recyclables delivered by each vehicle is large.  
So this argues for self-haul  recycling programs that are as convenient or more convenient than garbage and for 
collecting multiple materials at consolidated locations, as opposed to asking people to drive recyclables to a variety 
of different collection points.  
SLIDE 26:  
 

 
 
Many of our recyclables are transported long distances to markets.  Can that make sense from a greenhouse gas 
perspective?  We’ve found that Americans intuitively overestimate the greenhouse gas impacts of freight travel 
relative to production; this slide shows a very crude analysis of the breakeven point of transportation from a carbon 
perspective.  Recycling a ton of aluminum, for example, reduces greenhouse gas emissions by about 3.4 metric tons 
of carbon equivalent.  That’s the equivalent of shipping aluminum 524,000 miles in an ocean freighter, all the way 



to the moon, ignoring the effects of gravity.  Even glass bottles, which have the lowest per ton benefit shown here, 
can be shipped by rail 9,000 miles before the carbon emissions of transport exceed the carbon reductions from 
displacing virgin feedstock.  So don’t sweat the freight impacts of shipping recyclables to market, at least from a 
greenhouse gas perspective.  
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For many of these materials, the real benefits are a consequence of virgin production displacement and have next to 
nothing to do with avoided landfill emissions.  This slide illustrates this principle in using the example of glass 
collected in a small community at the border of Oregon and Idaho.  After subtracting out the energy use of 
transportation, the net energy savings for driving glass to a bottle plant that’s all the way across the state in 
Portland are estimated to be about 10 times higher, in blue, than the net energy benefits of keeping the glass local 
and using it in lieu of aggregates, that’s in black.  And the net energy benefits of driving glass to Portland and then 
shipping it via rail to California to be made into fiberglass are even higher; that’s in pink.  The greenhouse gas 
benefits of recycling are driven by the end markets for the materials, not by the transportation businesses.  Local is 
not necessarily better, and the choice of end markets can have a very significant impact on the relative greenhouse 
gas benefits of recycling programs.  
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Finally, this slide shows how recycling one ton of different materials can generate very different greenhouse gas  
reductions.  Negative numbers on this chart represent a reduction in greenhouse gas emissions.  You’ll also note 
that the location or type of emission reduction varies by material.  For aluminum, steel, glass and PET,  it’s all 
about reduced energy and process emissions.  Those are in blue.  For newsprint, the energy benefits are meaningful, 
but they’re smaller than the USEPA’s hypothesized, induced forest carbon sequestration benefit, in maroon.  For 
corrugated and office paper, there are no fossil fuel energy savings on average, and the results are dominated by 
forestry, in maroon, and avoided landfill emissions, in orange. This has important ramifications when we think 
about how to incentivize greenhouse gas reductions through different policy options, such as cap and trade.  And 
I’m hoping that we’ll have this explored in more detail in the August webinar session.  
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I had wanted to give you two takeaway messages, but I’m going to give you about 10.  1) Upstream emissions 
dominate for  most materials and waste.  2) The impact of the manufacture and use of goods is much higher than 



usually recognized by most greenhouse gas inventories.  Debra Kaufman will be talking about that momentarily. 3) 
Waste prevention is hugely important and tragically overlooked by many programs.  4) Recycling does provide very 
significant benefits.  Collection and long haul transportation emissions are surprisingly insignificant as the benefits 
tend to be driven by virgin feed stock displacement and, in some cases, avoided landfilling.  Benefits can also vary 
widely by end use.  
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5) Recycled content does not consistently correlate with reduced greenhouse gas emissions.  If you have a  
material that you’ve decided to use, like office paper, you can typically reduce greenhouse gas emissions by  
increasing the post-consumer content of that office paper.  However, if you’re comparing two dissimilar  
materials such as corrugated boxes and polyethylene shipping bags, the option with the higher level of  
post-consumer content is not necessarily the one that’s going to lead to lower greenhouse gas emissions  
over the lifecycle.  6) I’ve spoken very little about composting in part because we’re going to hear a lot about that 
in the Webinar in July, but I do want to emphasize that composting can lead to greenhouse gas reduction benefits,  
especially for food waste which is highly methanogenic.  7) Recycling paper likely has much higher greenhouse gas 
benefits than composting.  And sometimes we talk about, “Shall we recycle our waste paper or shall we compost 
it?”  And some paper can’t be recycled; the only diversion option is really composting.  But, if given a choice, 
recycling is probably going to lead to higher greenhouse gas benefits than composting.  8) Among engineering 
controls in landfill, converting methane to carbon dioxide provides a much greater benefit than energy recovery, 
although energy recovery can add some benefits.  9) Public perception to the contrary, degradability in a landfill is 
not necessarily a good thing.  Now I know we have a lot of people who believe that we want our waste to degrade, 
in part because they believe that we’re running out of landfill space; in some regions, there is an acute shortage of 
landfill space.  But the problem with degradability is that when wastes in a landfill degrade, they release methane.  
And methane is such a potent greenhouse gas, especially when you consider it over the 20 year time horizon,  
that even small leaks of fugitive emissions from a highly efficient gas collection system will swamp, will  
overwhelm any of the greenhouse gas benefits of energy recovery at the landfill.  So we really don’t want  
to be putting waste into landfills for the purpose of generating methane.  10)  The final point I want to make is that 
thanks in large part to USEPA and the research that they’ve conducted in the last several years, the greenhouse gas 
benefits of recycling, waste prevention and composting are becoming much easier to estimate.  There is controversy 
within the WARM model, but, I believe, we’ve all come a long ways in large part through the research of USEPA.  
We have found the use of the WARM model and the emissions factors that underlie the WARM model to be very 
useful in our program.  And if you’ve not checked out WARM yet, I would encourage you to do so.  Again, I 
provided the link to the WARM model earlier in this presentation.  
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That is the end of my presentation; I have put my phone number and e-mail address here in case you  
want to follow up with me and are unable to do so during the Q&A session that will follow the next  
presentation. Thank you very much.  
  
Part 2: Debra Kaufman, Senior Program Manager, Stopwaste, Alameda County, 
California.   
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Ms. KAUFMAN:  It’s a pleasure to join you. I’m Debra Kaufman with the Alameda County Waste Management 
Authority, commonly known as stopwaste.org.   
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We’re a joint powers agency representing the 14 cities, two sanitary districts and the country itself on recycling and 
solid waste issues.  Our agency and work is funded from a landfill tip fee of $7.57 per ton.  In 1990 the people of 
Alameda County voted to tax themselves at the rate of $6 per ton at our landfills to pay for waste reduction and 
recycling programs; the amount was indexed and has increased gradually to the current fee. I don’t think any other 
local government in the country has done that but it signifies the extent to which our people take this work 
seriously. Our mission is to reduce the waste stream by 75 percent and hopefully to go higher than that. I will talk 
about how Alameda County is connecting climate change and recycling and using the available tools.   
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First, a word about our county. Alameda County is in northern California; our population is 1.4 million people.  
We’re a diverse county with both urban and suburban communities.   
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In 2006 we started our efforts in the area of climate protection. As David Allaway has said, all waste diversion efforts 
help reduce greenhouse gases.  Usually, energy conservation and transportation measures have garnered most of the 
climate change attention with solid waste reduction being more of an afterthought.  Our goal with these climate 
change efforts has been to illustrate the role waste diversion activities play in helping our cities reduce greenhouse 
gas emissions.  And while that may be a smaller role than transportation measures, it is comparable to many 
traditional energy conservation measures and can contribute significantly to reducing global climate change impacts.  
  
We have found that hitching the waste reduction wagon, so to speak, to the climate change horse has helped  
leverage our message and get broader buy-in and appeal.  Recycling and composting as well as waste prevention 
have never been more popular, and part of that is due to the public’s concern over climate change.  And recycling 
really is first and foremost an energy and materials conservation measure.  So to help our cities make the 
connections between recycling and climate change, we decided to help fund some of the early climate change 
activities needed to get our cities going down that path.  
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To that end, we funded emission inventories for all our member agencies, as well as a template climate  
action plan.  And that template plan includes emission reductions associated with a variety of waste  
diversion programs, and it’s available on our Web site.  And we did this work via a master contract with the 
International Council for Local Environmental Initiatives, known mostly as ICLEI, on behalf of all of our 
jurisdictions in the county.  And that’s a model that others are replicating now.  Doing it that way allowed ICLEI 



enough efficiency to charge a lower cost than if each city had contracted separately for their inventory.  And we were 
able to justify the expenditure from landfill tip fees, although I think other jurisdictions could do the same thing 
from franchise fees because waste is one of the three emissions included in the inventory.  
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The planning process that ICLEI recommends includes first an inventory of current emissions [Milestone 1], then a 
reduction target [Milestone 2], a climate action plan [Milestone 3], and finally a plan implementation period 
[Milestone 4]. We at stopwaste help the cities with milestones one and three; cities are on their own for goal 
setting, and we help with the fourth milestone, implementing the plan.  
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For help in the planning process, there are two tools available to local governments:  one is ICLEI’s greenhouse gas 
inventory tool and the other is the USEPA’s WARM, short for Waste Analysis Model, model. It’s important for 
recycling professionals to distinguish between these tools and understand what they’re intended for and what they do 
and don’t do, because they are two of the most important tools in the arsenal of connecting waste diversion and 
climate change.  
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First, THE ICLEI GHG EMISSIONS INVENTORY: This inventory will show a city its total emissions for both 
local government operations and for community activities for a baseline year.  Our cities use 2005 as that baseline 
year.  I want to emphasize that the inventory does only one thing, it counts up greenhouse gas emissions for a  
base year.  It does not address emission reduction strategies such as recycling or carpooling or energy  
conservation measures, and it’s really not intended to.  
     The USEPA’s waste reduction model, WARM, on the other hand, is a tool for doing that, for estimating the  
emission reduction potential of recycling and other alternatives to landfilling.  There are different tools in the 
marketplace to do this options analysis for energy conservation measures or transportation measures, but WARM is 
specifically about quantifying the emission savings possible from waste diversion.  
      From our perspective, you need to use the ICLEI and the USEPA models together. I want to talk a little bit 
about what the inventory includes and doesn’t include, and then I’d like to talk about how WARM can be used to 
compliment it.  So first, on the inventory side, the inventory – the ICLEI methodology, which really is the 
methodology that most local governments are using, calculates emissions for both government operations and 
community activities in the categories of transportation, energy consumed and waste.  Government operations 
generally represent less than five percent of overall emissions, so the community inventory piece is really critical.   
 
ICLEI ON RECYCLING AND SOLID WASTE: I want to emphasize that in the waste category, ICLEI  includes 
landfill methane emissions only.  The ICLEI inventory method does not calculate the emission reduction potential 
available from more recycling.  ICLEI has some tools to help with that, but they’re unrelated to the inventory itself.  
I think that’s an important distinction to make because I’ve heard a lot of folks say that the ICLEI inventory should 
include recycling.  It’s really not intended to.  It’s simply an accounting of emissions from these three activities 
only.  
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I want to show you what an inventory for one of our cities showed, and it’s comparable to most of the  
inventories conducted.  These are the sources of emissions.  And, as you can see, waste (or more  
specifically) methane emissions from landfills are a very small portion of the overall emissions.  The emissions 
shown here are from the commercial and residential sectors and are all energy related.  
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So going back to the ICLEI inventory, I want to discuss what’s missing related to waste.  The inventory does not  
include emissions from energy used elsewhere in producing products that are consumed locally or wasted  
locally.  Those emissions would be reflected in the energy emissions reported for the communities that host those  
manufacturing or recycling facilities.  And they’re included in those communities’ inventories if those are  
conducted.  The ICLEI methodology was designed to address legitimate concerns about double counting the 
emissions in both the place that it was originally emitted, the place where the product was manufactured and the 
place where it was purchased and consumed.  
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This slide reiterates some of the concerns about the ICLEI system that I mentioned.  Energy and transportation 
emissions associated with extracting, producing, transporting products and packages are reported elsewhere, if at all.  
Reporting local emissions only, which is really what the inventory was designed to do, can yield a somewhat  
parochial approach wherein only actions that reduce local emissions are prioritized.  So some cities have  
concluded that because the inventory shows few emissions related to waste, waster reduction activities are  
not a priority.  And while recycling does produce emissions elsewhere, local action, obviously, is critical to  
reducing those emissions.  So that’s where the local inventory does a bit of disservice to the issue of waste  
related emissions; it makes them look smaller than they really are.  
     You should also know that there is still a lot of controversy related to what is the accurate methane recovery rate 
to use at landfills.  Although research is underway on this issue, there is no standardized methodology for 
estimating fugitive emissions.  For instance, many of the estimating methods rely only on gas capture from closed 
landfills or on waste that has been in place for several years before gas capture equipment is put in place. Sally 
Brown, a research  professor at University of Washington, states that research shows that food releases most of its 
methane in the first four months, which is almost always before any methane recovery systems are activated.  To 
summarize, despite the weaknesses noted in the ICLEI inventory method, it is a very useful tool and cities need a 
baseline of emissions to develop a reduction target; the ICLEI inventory method provides that.  It should also be 
remembered that the methodology that ICLEI uses is based on international protocol.  
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So we’ve discussed the fact that total landfill emissions appear to be a small part of overall emissions  
released in the long path towards creating waste if you consider the energy and transportation emissions of 
extracting, manufacturing, transporting goods and packaging.  I want to note that even if we had perfect landfill gas  
collection efficiency, the best we can say about landfilling is that we’re wasting the energy contained in 40  
million tons of resources (that’s California’s number).  And remember, every ton that we deposit in a landfill  
represents a missed opportunity to reduce multiple tons of emissions that could happen if we recycled that material  
instead.  
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This slide drives home the message that the ICLEI inventory model measures only landfill emissions and does not 
consider the greenhouse gas that can result from recycling and composting; that’s the next slide.  Currently the State 
of California is conducting a lifecycle analysis on the benefits of composting with respect to reducing greenhouse 
gases, and that study may better quantify some of composting’s benefits. So what the ICLEI local community 
inventory can’t do is help us connect the dots between local consumption and wasting and the upstream impacts of 
that consumption.   
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Where that’s best seen is in the USEPA’s WARM tool.  And WARM, as David Allaway mentioned, is the best 
tool that we have to quantify the upstream benefits of recycling and composting.  Now I want to talk about how 
we’ve used that tool and how others can use that tool. WARM helps cities project the CO2 equivalent reductions 
from increased diversion, and it’s a great tool to illustrate the benefits of recycling and composting compared to 
landfilling.  
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Now I want to show you how we’ve used the WARM model to compare the impact of waste diversion activities on 
climate change with more traditional emission reduction activities. At stopwaste we looked at various aspects of 
certain green building measures for a typical home.  What we found was that by recycling construction and 
demolition debris from a new home would save as much CO2 in the first year as traditional energy and water 
conservation measures such as using energy star appliances and energy efficient insulation and water efficient 
irrigation systems would accomplish in several years.  While the CO2 emissions savings from C&D recycling is 
only a one-time event (as compared to the other savings, which are ongoing), they are still very impressive.  
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Let’s look at another example, a school district.  These numbers  show a school district with 800 students at each 
grade level: 6,400 children in 10 buildings.  The data shows that recycling compares favorably with other 
greenhouse gas measures that a district school might consider, including converting their bus fleet to bio-diesel and 
installing solar on their roofs.  Not only does recycling offer comparable greenhouse gas savings, it’s also the 
cheapest alternative.  And we’re not talking about zero waste here; the numbers come from an achievable modest 
increase from 30 to 35 percent recycling. This is impressive.  
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This slide is a reference slide that summarizes the emission reductions associated with various waste reduction and 
recycling activities.  Our goal at stopwaste has been to disseminate this information to our cities so that they can 
and will include these activities in their climate action plans.  
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This slide is our way to get folks to take waste reduction and recycling seriously as a tool to reduce climate change.  
The pie chart is not to scale, but it shows the potential from recycling in achieving emission reductions.  And, 
when I say recycling, I’m including all waste diversion activities.  Well, we don’t know exactly what these 
numbers are as of yet.  If you consider the upstream energy and transportation emissions associated with waste, this 
would be a better representation of the emission reduction potential of waste diversion activities than the currently 
accepted one to three percent that California and the US say that waste contributes to overall emissions.  
     In his remarks David Allaway mentioned a new report called STOP TRASHING THE CLIMATE.  That report 
asserts that when we minimize waste, we reduce greenhouse gas and energy use, we reduce transportation and 
deforestation, which, when looked at cumulatively, represent 36 percent of all total USA GHG emissions.  It’s their 
claim, and it makes sense to me, that this 36 percent number much more accurately reflects the impact of our whole 
system of materials management (from raw materials extraction to distribution and use and eventually to disposal) 
on climate change. It’s immense and very much under-counted. 
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Let’s look now at what’s left in the waste stream; this is California data.  Recoverable organics make up 50 percent 
of what’s still being discarded in the state’s landfills; your waste composition is probably not very different.  And, if 
you don’t know, food produces more methane per wet ton than any other type of organic material.  And that’s why 
we’ve prioritized getting food waste and other organics out of the landfill.  
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I like this quote from the USEPA: “There are no plausible scenarios in which landfilling minimizes greenhouse gas 
emissions from waste management.”  
 
SLIDE 52:  
 

 
 
Before I stop, I want to share with you some of the ads that we’re using in Alameda County to help keep residential 
food waste out of the waste stream.  Our programs are not completely uniform, each city or district designs its own, 
but generally residents co-mingle their food waste with yard waste.   
       Our food scrap recycling media campaign is targeted to reach residents using billboards, buses, bus shelters, 
shopping carts and in-home media.  Bill inserts have been one of our most popular and least expensive methods and 
have been widely distributed; see below in slide 53. We have also used billboards posted outside a major sporting 
arena, see above to the right.  
  
 
 
 
SLIDES 53, 54, and 55:  
 



 
 
 
 

 
 
Here are a couple more examples of this year’s ads placed in our public transportation train stations.  
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We’re trying to encourage people to make food scrap recycling a habit in their lives, like cleaning out the  
refrigerator.  
  
SLIDE 57:  
 
Here’s another billboard. (Not reproduced.) 
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We’re also working on promoting food-soiled paper.  Our consumer survey indicated that residents still are  
not putting food soiled paper in the green bins. Public agencies can request camera-ready graphics from our office; let 
me know if you’d like our photos.  
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And now to summarize the five programs that we consider most important for waste reduction’s contribution to 
climate change.  
  
One: Getting organics out of landfills is critical so that they don’t generate methane in the first place.   
 
Two: Increase commercial and residential recycling.  
 
Three: Showing our cities and the state that recycling, composting and waste prevention activities are very cost 
effective greenhouse gas reduction measures and need to be included in local and state climate action plans.   
 
Four: Advocating thorough recycling reporting protocols that include upstream emissions, and  
 
Five: Examining how WARM or any other model could be used to account accurately for the impact of local 
activities on total global emissions.   
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Six: It’s also important, as a part of this, to pursue the issue of determining what the appropriate methane recovery 
rate is. Current research should give us a better handle on fugitive emissions; better data will suggest  improvements 
both to the WARM model and to the ICLEI inventory methodologies.    
  
Seven:  State Climate Action Plans should include recycling and composting activities. 
 
Eight:   Methane should be viewed from a 20, not a 100 year, perspective. 
 
Nine:  CEQA docuements for new projects must consider waste impacts and consider how recycling activities can 
mitigate the project’s effects.  
 
Ten:  We must continue improving the WARM method and all other inventory methodologies so that the full 
impact of our material management policies and practices will be understood and accounted for.  
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Finally, here are some resources that I have found useful on all this.  WARM has been an invaluable tool, and 
despite some noted inventory weaknesses, ICLEI is a great organization that has done a lot to help our county move 
climate change issues forward.  ICLEI’s a great resource and is genuinely interested in helping local governments 
with climate change issues. Californians Against Waste is the only environmental group in California with a 
Sacramento presence that is full-time, all-time on waste reduction and recycling issues; they do a great job tracking 
legislation and lobbying for the good side of things.    
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Our Air Board and the Climate Registry are very much involved in GHG and waste issues today, and here’s a 
reference for the STOP TRASHING THE CLIMATE report that David Allaway discussed.   
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This is my contact information; it was a pleasure to speak with you.  Thank you very much for participating today; 
thank you.  
 
 
  
END of Day 1, Part 1.  



 
Day 1, Part 3: Questions and Answers for Allaway/Kaufman:  
 
Q1:  The WARM model assumes that only 75 percent of the methane at a landfill is captured and 
destroyed.  Waste Management, the waste hauler, believes it’s possible to implement GG-GCCS [Ed: 
Greenhouse Gases – Carbon Sequestration and Storage] and maybe someone can define that for us.  But 
Waste Management believes it’s possible to implement GCCS efficiency at landfills over the life of a 
landfill that approaches or even exceeds 90 percent.  This would result in 60 percent less methane from 
landfills than  the WARM model projects.  
  
A1: KAUFMAN:  I think there is still a lot of debate about this issue; several landfill operators have said 
that they can achieve 95 percent emissions capture but there is not at this point an accepted methodology 
for determining how much fugitive emissions occur.  
  
Q2: If food waste is highly methanogenic and produces most of its methane during the first four months, 
would that mean that food waste composting will generate a lot of GHGs?  
  
A2: KAUFMAN:  Generally the food waste is generating the methane in landfills under anaerobic or 
without oxygen conditions.  The composting process is usually aerobic and is not generating much 
methane at all.  
  
A2: ALLAWAY:  One alternative approach would be if you were doing anaerobic digestion.  And, if you 
were, you would be producing methane from the food waste, but the digestion would be occurring in a 
sealed tank where you’d be able to capture a very high percentage of the methane that was being produced. 
In the second session, Dr. Sally Brown, a compost and climate scientist at the University of Washington, 
should be able to answer this question in even more detail.  
 
Q3:  Have you quantified the CO2 benefits of using landfill methane for an energy source in terms of 
avoided carbon from a conventional energy power plant?  
  
A3: ALLAWAY:  We haven’t done that calculation in Oregon, but that is the calculation which is 
embodied in the WARM model.  The WARM model assumes that energy recovery, both from the 
combustion of waste and also the combustion of landfill gases is displacing electricity that would be 
produced using conventional means.  And so that is embedded in the background document that I provided 
the link to earlier.  
  
Q4: David, you were mentioning the Webinar in July; will in-vessel composting and anaerobic digestion 
be  
discussed on that Webinar?   
  
A4: ALLAWAY:  I actually don’t know if it will be or not, but we should certainly ask the next round of 
speakers to do so.  
  
Q5: What distinguishes organic compost from non-organic compost?  Why aren’t biodegradable plastics 
allowed in organic compost?  
  
A5: KAUFMAN:  Biodegradable plastics is a different issue for every operator.  Some compost operators 
take them and some don’t.  I don’t know about the specifics.  I can’t answer the organic compost versus 
non-organic compost question.  
  
Q6: Methane’s 23 times potency is based on a 100-year window, but methane degrades within 16 years.  
Shouldn’t WARM and decision makers consider the greater early benefits of methane avoidance?  
  
A6: KAUFMAN:  That’s an excellent point.  And that new report, “Stop Trashing the Climate” lays out 
a very good case for translating methane’s global warming potential into a 20-year timeframe.  And that 



would make – if all emission sources were converted to a 20-year timeframe, methane would go from being 
two percent of total US emissions to five percent.  
  
Q7: Have you seen any existing or planned waste reduction incentive programs similar to like carbon cap 
or cap-and-trade programs, which track GHG emissions and carbon footprints related to waste management 
activities?  
  
A&: ALLAWAY:  On the upstream side, involving production of materials, there’s a lot of  activity 
happening at the corporate level, including organizations such as Wal-Mart, involving carbon footprinting 
of products.  Europe is ahead of the United States in this area, in terms of trying to put something 
comparable to a nutrition label on a product so that when you go to a store and are confronted with three 
different product choices, you can choose the one with the lower carbon footprint.  On the prevention side, 
there is a lot of activity happening in terms of trying to understand  the carbon impact of products, although 
it hasn’t made it to the level of retail promotions in the United States yet.  
  
Q8: Could one of you explain some more on the different timeframes for CO2 reporting?  You propose a 
20-year timeframe and why?  
  
A8: KAUFMAN:  The issue is that there are different timeframes that the IPCC looks at, different gases 
have different global warming potentials.  And they do consider a 20-year timeframe and a 100-year 
timeframe.  A hundred year is used more traditionally, but if you take methane and you – since methane 
only lasts in the environment 12 years, it has a much stronger impact if you look at a 20-year timeframe 
than that 100-year timeframe.  It makes more sense to look at  the impact of the methane over  20 years 
because that’s where the impact is going to be.  And, if you do that, then you see that methane is actually 
72 times more potent than the equivalent CO2.   
 
A8:  ALLAWAY:  I might add  just a little bit more.  The use of these different time horizons is intended 
to help policy makers weight the short-term versus the long-term cost and benefits of different strategies.  
The decision to use 100-year planning horizon versus a 20-year planning horizon versus a 10 or a 1,000-
year planning horizon is really a policy decision.  And I actually want to share a quote from one of the 
reports of the Intergovernmental  Panel on Climate Change on this issue.  They say, quote, “If the policy 
emphasis is to help guard against the possible occurrence of potentially abrupt, non-linear climate responses 
in the relatively near  future, then the choice of a 20-year time horizon would yield an index that is relevant 
to making such decisions regarding appropriate greenhouse gas abatement strategies,” which is sort of 
science speak for saying, “If we’re concerned about reducing emissions and the impact of the emissions in 
the short-term, then we need to take – we need to give more weight to the short-term planning horizon, 
which would be the 20-year global warming potential as opposed to the 100-year global warming potential.  
      The 100-year global warming potential is the standard that was used in Kyoto in the early 1990s. At 
that time global warming was still kind of theoretical.  I mean it was understood, but no one was really 
seeing hard and fast  
evidence of it.  And what we have happening today is a situation where the forecasts are constantly under- 
predicting the current rate of change.  Global warming is happening faster than the models are predicting, 
which suggests that we need a faster response and a faster reduction in emissions if we want to avoid 
reaching a tipping point where global warming becomes unstoppable.  And if you take that frame of 
reference, then using a shorter time period, such a 20-year planning or 20-year horizon, is much more 
important.  
  
Q9: All of the comparisons that you were talking about during your presentations use landfill gas 
emissions.  How do incinerator emissions compare?  
  
A9: ALLAWAY:  The USEPA report in the WARM model includes some information on incinerators.  I 
have to admit I haven’t spent that much time looking at the incinerator emissions in part because it appears 
that the incineration infrastructure, at least in – at least in the state that I work in is relatively fixed.  We 
don’t expect it to be expanding or contracting any time soon.  So from a policy perspective the incineration 
issues are not as relevant for us as they may be for other states.  However, if I recall correctly, EPA’s report 
holds that incineration of MSW  I believe has slightly lower greenhouse gas emissions or a higher 
greenhouse gas benefit than landfilling.  It’s a relatively small differential, if I remember correctly.  And 



that, in both cases, recycling still compares very favorably against either incineration or landfilling.  
  
Q10: Have you broken out the impacts of recycling building materials compared to traditional municipal 
recyclables?  
  
A10: ALLAWAY:  Because we haven’t done much of this original research ourselves here in Oregon, we 
rely on the USEPA data, and, in the WARM model, which includes a wide variety of building materials, 
(concrete, asphalt, copper, steel, wood, and other materials) where they have attempted an estimate of the 
greenhouse gas impact of different end-of-life management options.  So I’d encourage you to dig into the 
WARM model and the documentation in the back and see just what materials they’ve evaluated.  
  
Q11: Due to the low density of many organics, how far can organics be transported using fossil fuels for 
composting or anaerobic digestion and still lower the lifecycle GHG emissions compared to just putting 
them in a local landfill?  
  
A11: ALLAWAY:  Sally Brown will speak to that issue next month.  I don’t want to steal her punch line.  
But her estimate is that you can transport food waste in a diesel truck to Patagonia before the emissions 
exceed the emissions reductions benefits of composting.  The City of Portland did an analysis a couple of 
years ago looking at the greenhouse gas impacts of driving food waste from the Portland area to proposed 
compost facility that was located about 150 miles from Portland.  And it was still, even after including the 
additional diesel emissions, the composting activity was still highly favorable from a greenhouse gas 
perspective.  
  
A11: KAUFMAN:  The WARM model allows you to input different miles to the compost facility 
compared to landfills; the model allows you to look at that.  
  
Q12: Mr. Allaway, I believe you were talking about measuring global warming.  And someone asks, 
“What criteria is being used to measure global warming?  How can we say it’s happening faster than was  
predicted?”  
  
A12: ALLAWAY:  That’s a really good question.  And perhaps I should clarify that what we’re seeing is 
that the effects of global warming and the effects of climate change are happening faster than predicted.  The 
ice sheets, the glaciers, the ice sheet in Antarctica are all melting faster than most of the models were 
predicting even just a few years ago.  So that would be one example.  
  
Q13: Has anyone analyzed or quantified the benefits of C&D recycling from a GHG emissions/global 
warming perspective?  Obviously much of the benefit is in avoided production.  But, if so, who may have 
analyzed or quantified those benefits?  
  
A13: KAUFMAN:  We’ve taken what WARM has done with C&D materials and converted that  into a 
C&D recycling savings calculator that can tell you the CO2 savings per home and per commercial 
building.  Just check the stopwaste.org website.  
 
 Q14: In “Stop Trashing the Climate,” the report says that, per kilowatt hour of electricity produced, that 
waste incineration produces more GHG emissions than coal, oil or natural gas-fired power plants.  
Comment?  
  
A14: ALLAWAY:  I haven’t reviewed that report; it’s only been out a few weeks.  So I can’t really offer 
my opinion about the relative greenhouse gas emissions of different combustion activities.  The question 
that was asked previously was asking about the incineration of waste versus the landfilling of waste, and 
that was the question I was answering before.  
Part 4:  Panelists from Nine Western States:  
 
Moderator:  The next speakers will be presenting in the alphabetical order of their states, starting with 
Doug Butevn of the Alaska Department of Environmental Conservation, followed by Julie Bowles of the 



Arizona Department of Environmental Quality, Richard Varenchik of the California Air Resources Board, 
Clark Williams of the California Integrated Waste Management Board,  Steven Chang of the Hawaii 
Department of Health,  Joanna Pierce of the Idaho Department of Environmental Quality, Eric Noak of the 
Nevada Division of Environmental Protection, David Allaway of the Oregon Department of Environmental 
Quality, and finally Jay Shepard of the Washington State Department of Ecology.  Their full bios are 
available on the Web site if you would like to read more about these speakers.  
  
ALASKA:  DOUG BUTEYN, ALASKA DEPARTMENT OF ENVIRONMENTAL CONSERVATION:  
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 My presentation is going to focus exclusively on what’s happening at the state level in Alaska.  And just 
wanted to recognize up front that there are also other efforts being made in the state at the local level by 
local government and non-governmental entities.  So keep that in mind.  
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Climate change planning in Alaska is being coordinated for the state by the governor’s climate change sub-
cabinet, which was instituted in September of 2007 by an administrative order.  The sub-cabinet began its 
work by giving immediate attention to the problems faced by communities that are most at risk from 
coastal erosion and flooding, much like the community of Newtok shown in the photo.  But it’s also 
developing recommendations for assisting other Alaskan communities that will be impacted by climate 
change.  You can see the organization of the sub-cabinet, which took this form in May of 2008, when it 
created two advisory groups comprised over 100 people in Alaska, and their task was creating or crafting a 
climate change strategy for the state that will ultimately go to the governor for her review.  The mitigation 
advisory group is focused on developing and prioritizing strategies for reducing Alaska’s contribution to 
climate change, and the adaptation advisory group is tasked with devising strategies for responding to the 
already-present impact of climate change, including things like increased coastal erosion and the thawing of 
permafrost.  Within each of these advisory groups, there are various technical work groups working at 
taking a closer look at the options available for specific industries and economic sectors, and the planning 
being done specific to the solid waste industry is occurring under the mitigation advisory group within 
what’s called the forestry, agriculture and waste technical work group.   
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The potential strategies that we are going to consider for the solid waste industry in Alaska are shown here  
on this slide, and please note that the list shown is a set of group headings rather than individual strategy  
options.  So there are multiple options available within the broad scope of the items on this list, and all of  
the available options are likely to be implemented, or could be implemented, somewhere in this state, but  
the issue for us is whether any one option can be implemented statewide, and the next slide will show you  
why that’s such an issue.  But to help put that next slide in perspective, I just wanted to point out that, 
after  
listening to the previous talks, the population in the State of Alaska is approximately one-half of what it is  
currently in Alameda County. So that’s what makes the issue here in Alaska kind of interesting.   
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First of all, we have to deal with the overall size and the geographic diversity of the state. For instance, if 
you implement a strategy that works well in the Southeastern Panhandle, down where Ketchikan and 
Juneau are, it’s not likely to be as well suited for the North Slope region, up towards Barrow. Another 
reality we have to deal with is that there isn’t a developed road system within the state.  In fact, on the 
map here, the only communities shown that are actually accessible by road are Fairbanks and Anchorage, 
and so everywhere else we have to transport waste either by air, which is expensive, or by barges, which in 



most of the state can only run in the summertime.  Therefore, implementing a statewide strategy will 
require a coordinated effort among all of the interested and affected persons and organizations. But on the 
positive side, because of the way our population is distributed, about 90 percent of the solid waste in 
Alaska is generated in about 10 percent of our community and, as such, initiating a selective strategy 
within the most populated portion of the state means that we can realize the majority benefit of the strategy, 
even while we’re still trying to figure out how to extend it into the rest of the state.  That’s it.  
  
 
ARIZONA:   JULIE BOWLES, ARIZONA DEPARTMENT OF ENVIRONMENTAL QUALITY:   
 
Thank you for letting me speak.  If you’ll all just bear with me, Kurt Maurer was going to be presenting, 
and I’ve seen this material just a short time ago.  So I’ll go ahead and start.  I  want to give just a brief 
overview of what we’re doing here in Arizona.  The Arizona climate change process began in February of 
2005 with the first of two climate change executive orders issued by the governor.  This established a 35-
member climate change advisory group, or CCAG, with the mission to complete an inventory and forecast 
on greenhouse gas emissions and also to submit an action plan of recommendation for mitigating 
greenhouse gas emissions.    
      The group completed the inventory and forecast in June of 2005, and among the key findings were that 
Arizona has the fastest GHG emissions rate of growth in the U.S., and they are projected to increase to 
roughly 148 percent over 1990 levels by 2020 and 200 percent by 2040.  Nearly 80 percent of emissions 
are from two sectors, and that is electricity use and on-road transportation, and it was found that only 2 
percent of the state’s total GHG emissions are from the waste sector.    
      The CCAG process was a year-long iterative process in which there were six meetings held and 40 
technical work group meetings between July 2005 and June of 2006, and the group considered more than 
200 different policy options.  The mission of the group was to find meaningful solutions that fit Arizona’s 
unique needs and circumstances.  Options moved forward on the basis of greenhouse gas emissions 
reduction potential, cost savings and co-benefits.  
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So we’ll go ahead and start with some of the information that you see here on this slide.  The governor 
released a climate change action plan in September of 2006.  This plan include a comprehensive set of 49 
recommendations.  Some of that information you’ll see there on the slide.  The plan included one 
recommendation that addressed all there was on waste management because it was only 2 percent of the 



emissions.  That plan was primarily addressed through increased recycling and reduced waste generation 
with reliance on continued efforts of our state recycling program.  It was determined that the state should 
aim to expand curbside recycling programs to all communities of 50,000 or more in population, increase 
penetration of recycling in multi-family housing, to increase participation in the existing recycling 
programs and create a new recycling program for the commercial sector, provide incentives in developed 
markets for recycled materials.  And now we’ll move on to the next slide.  
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The governor issued the second executive order, number 2006-13, and this executive order established a 
climate change executive committee to develop strategies to implement the action plan recommendations.  
It also contained specific directives, including to set the state’s GHG emissions reduction goal to 2000 
levels by 2020 and 50 percent below 2000 levels by 2040; also, to develop a greenhouse gas emissions 
reporting mechanism and establish a multi-state registry via the climate registry; to adopt a clean car 
program through the administrative rule approved on May 6, 2008, and also to convert 12,000 vehicles in 
the state fleets to low GHG emission vehicles by 2010.    
      The Western Climate Initiative, along with other Western states and Canadian provinces, sets out to 
establish a regional multi-sector cap and trade program, and this process has been very involved and is 
ongoing.  The WCI partners are on schedule to submit to the governors and premiers a sub-program to 
sign recommendations in late August or early September.  In addition, ADEQ is working this legislative 
session to adopt an Omnibus Energy Conservation Bill, and this is a series of mandatory and voluntary 
provisions addressing energy efficiency in schools, public building construction, appliance standards, anti-
idling requirements for commercial diesel vehicles and renewable energy standards for public power 
suppliers not under the jurisdiction of our state’s Public Utilities Commission.  
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This slide will provide you with Kurt Maurer’s contact information should you have any additional 
questions relating to Arizona’s programs.  And that’s pretty much all I have.  
  
 
CALIFORNIA: RICHARD VARENCHIK, CALIFORNIA AIR RESOURCES BOARD:   
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Basic stuff here, and  
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This is a basic overview and the pie chart shows where California’s greenhouse gas emissions come from – 
obviously, transportation being the largest one, and then electricity and industrial sources.  So these are 
some of the big actors (so to speak) that we have to deal with in trying to reduce our emissions.  
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What is AB32?  AB32 is the legislation that the State Legislature adopted in late 2006 that basically 
outlines broadly a plan for California to reduce its greenhouse gas emissions, and what we’re shooting for 
right now is to try by 2020 to cut our emissions back to a level that they were at in 1990, and that would 
be a reduction of around 30 percent from what would happen if we do nothing.  Then beyond that, we want 
to continue making reductions, and we’ll take a look at that in a minute.  The legislation basically says 
that the California Air Resources Board is going to monitor and regulate the various greenhouse gas 
sources and be the lead agency, but we’re certainly working with a lot of other state agencies and other 
governmental entities, actually, from around the world in doing this.  One of the points that is made in 
AB32 is that while we want to reduce greenhouse gases, we certainly do not want to do anything that 
would detract from the ARB’s other health-based programs dealing with air emissions.  
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This slide will give us a bar graph look at what the challenge is.  That black line along the top is the 1990 
emission levels, and if you can see off to the second from the far right, 2020 is talking about the reductions 
that we will need to make, about 173 million metric tons, or as I said earlier, about a 30-percent reduction, 
and then looking out to 2050, an 80-percent reduction is what we’re going to be shooting for.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SLIDE 101-2-14:  
 



 
 
 
This slide shows us the timeline that AB32 has set out for us, and you see a number of milestones here 
until we get out to 2020, when hopefully we’ve reached that goal of reducing greenhouse gases down to the 
levels that they were in 1990.   
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The  scoping plan is really the 500-pound gorilla, so to speak, of how ARB and the other state agencies 
will work to reduce our emissions back to those 1990 levels, and really, we’re looking at virtually every 
sector of the economy in California, and as I said before, once we hit those 2020 goals, we want to be 
looking forward toward 2050.  Some of the ideas that we have in mind in putting together the scoping 
plan, and that are required by AB32, is that we maximize the benefits to California in that we do not do 
anything to increase criteria and toxic air pollutants, and in fact, the work that we’ve done even just to this 
point tells us that by reducing climate emissions, we’re going to see reductions in criteria and toxic 



pollutants as well.  The whole protocol that we’re going through promises to be something that is going 
to bring about new technology and the potential for what we call green tech or economic development 
based on some of the protocols that will be developed to reduce climate emissions, and the scoping plan 
requires us to assess the economic environmental public health and societal impacts of any plan that we end 
up with.  
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This is what we see in structuring out how the scoping plan would work.  We’ve done some preliminary 
recommendations that will get us about 60 percent of those tons that we need to reduce to 1990 levels by 
2020 – the automobile standards, low carbon fuels, taking a look at land use and how we develop land and 
provide housing.  Energy efficiency is going to be a cornerstone of this whole plan, renewable energy 
sources, and then beyond that; well, what do we do then to get the remaining 40 percent of the tons and 
reductions that we need?   
     We’re looking at a variety of different things:  direct regulations, cap and trade programs, possible fees 
on carbon.  We expect that there’s going to be an overall beneficial impact on co-pollutants as well.  Just 
by virtue of things like efficiency and reduced fuel use, you’re going to get fewer of those other pollutants 
that I talked about before, the criteria pollutants, PM, things like that.   
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This is not my normal order in a presentation but I know you all are particularly interested in waste and 
recycling.  One of the protocols that we’re developing in the AB32 scoping plan is what we call one of the 
early action items that have to be in place by January of 2010. We want to continue reducing methane 
emissions from landfills by requiring gas collection and control systems on landfills where they don’t 
currently exist.  Many of the landfills in the state already have landfill gas collection systems, but we’re 
looking now at establishing statewide standards to maximize the efficiency of methane capture.  In working 
with the Integrated Waste Management Board here in California, we’re also going to explore opportunities 
to increase energy recovery from the methane gas and landfills.  I know that there are some places in 
California already where they’re running electric generators off of the methane gas from the landfills.   
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This slide was prepared a few days ago, but to show you how rapidly things change in our work on the 
scoping plan, that first bullet, the number of tons we will reduce by implementing this strategy, has been 
reduced in the last few days to something in the range of one million metric tons.  The draft regulatory 
language has already been posted on our Web site, and  in October of 2008, there’ll be a staff report out 



available for people to comment on.  Again, this next bullet, it says that it would go to the board in 
November of 2008.; now we’re looking at January of 2009, and then to be in effect by late 2009, or 2010 at 
the latest.  There’s links there, for those of you who would like more information on this.  The Climate 
Change page will take you to Early Action Items and then Landfill Methane, and that next bullet is a direct 
link right to the methane protocols that we’re working on.  And the last point is Renaldo Crooks, our 
staffer, who is one of the leads working on this, if you wanted to call somebody and have further questions 
about it.  
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We have also set up, working with the Integrated Waste Management Board, a commercial composting 
work group.  There are nearly 200 permitted commercial composting facilities in California and they 
contribute both VOCs that are smog forming emissions and some methane, also a known greenhouse gas. 
So the work group is taking a look at these things and doing some studies on them, and there’s some 
more contact information down there at the bottom of that slide for those of you who would like more 
information.  
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Now we’re going back to the scoping plan and, if you weren’t aware of it, the draft scoping plan is 
scheduled and has been released today.  It was brought up at our board meeting, and there was a lot of 
discussion on it.  But the draft plan is now out and should be posted by sometime late today or tomorrow 
that you could actually go to the ARB Web site, then go to Climate Change, and you’ll be able to look at 
the draft.  We strived mightily to keep it under 100 pages, and it came in at either 96 or 98.  I don’t 
remember which.  But it’ll give you a very good overview of what we’re looking at and thinking about.  
Then there’ll be a series of public work shops, as you can see here in July and August, a number of 
community meetings.  And then the final scoping proposal would be released in October and go to the 
board for consideration probably November 20, but sometime in late November.  AB32 says that we must 
have it adopted by December 31 of 2008, and so it will be done by then.  
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This is all our other contact information, the Climate Change Web site.  There are listserves that you can 
sign up for if you’re interested.  There’s the Climate Change Portal which has a number of governmental 
agencies that are working on this, and last, but I hope not least, my name, my email and my phone 
number.  If you have questions, send me an email or just call me.  I’m usually in my office if I’m not out 
doing presentations similar to the one that I just did for you.  So call or email if you have any questions or 
anything you can help me with.  If you’re lost trying to find something on our Web site, I’m happy to 
assist you. And that wraps up my presentation.  
  
CALIFORNIA:  CLARK WILLIAMS, CALIFORNIA INTEGRATED WASTE MANAGEMENT 
BOARD  
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The Integrated Waste Management Board has been working in the context of what’s called a Climate 
Action Team that was formed in response of governor’s executive order in 2005 directing California to 
reduce its emissions; the Team preceded the AB32 legislation being signed in 2006. The Waste 
Management Board has participated in five of these climate action team subgroups: an economic subgroup, 
an agricultural subgroup, a green building group, a land use subgroup, and we also chair the recycling and 
waste management subgroup.   
     What I was going to do today is talk about some of the ideas, and we refer to these as measures we’ve 
come up with through the recycling and waste management subgroup work and recommended the ARB, its 
potential measures to help achieve the emission reductions by the 2020 date that gets back to our 1990 
levels.  
     So I’m going to touch briefly on what we’re doing in regards to the landfill methane, and also we’re 
doing on the recycling side, doing commercial recycling, increasing production and markets for compost, 
anaerobic digestion, extended  producer responsibility and also environmentally  preferable purchasing, and 
one of the items that we’ve developed through land use subgroup, which is on the watershed-friendly 
landscape guidelines.  
      The first thing we’ve done is largely in support to the early action measure Richard mentioned, which 
is focused on reducing landfill methane fugitive emissions; we’ve developed a guidance document to assist 
landfill owners and operators by providing information on different technologies and management practices 
they can use at their sites to reduce greenhouse gas emissions.  
      At this time, there’s no overall practical and cost-effective guide for landfill owners and operators to 
reduce greenhouse gas emissions from landfills tailored to the specific needs in California.  The best 
management practices document we developed can be used on a voluntary basis by landfill operators to 
reduce their greenhouse gas emissions and may be used by agencies such as the California Air Resources 
Board as technical support information for regulations and market-based registry approaches to further 
reduce landfill methane emissions.  
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One of the other things the Board is working on with regard to landfill gas is that we’ve developed a 
measure where we convert landfill gas into liquid natural gas.  We’ve funded some demonstration projects 
on a commercial scale for converting landfill gas to LNG for use as vehicle fuel.  Recovery of landfill 
methane that is otherwise flared as a biomass renewable energy source reduces climate change emissions by 
avoiding emissions associated with fossil fuel energy sources.  Increasing energy recovered from landfill 
methane is a primary component of the Climate Action Team landfill methane capture strategy.   
     In addition, the governor’s executive (S-06-06) directs state agencies participating in the bioenergy 
interagency working group to enhance sustainable management and development of biomass resources for 
electricity generation and production of alternative fuels or biofuels.  Production of alternative fuels 
recovered from the methane and landfill gas is one means of achieving these goals.   
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On the whole, the commercial sector generates over half of the solid waste in California.  Reductions in 
greenhouse gas emissions can be realized from solid waste management by recovering traditional 
recyclables from the waste stream to remanufacture these materials.  Traditional recyclable materials have 
significant intrinsic energy value that displaces fossil fuel energy requirements when introduced back into 
the manufacturing cycle.  I’ve mentioned that the Air Resources Board has actually put together a work 
group to look at reducing greenhouse gas emissions from the glass manufacturing centers in California.  
That’s something we’re looking forward to participating with Air Resources Board on.  Obviously 
increasing the use of recycled color in the glass manufacturing plants can be one method of reducing their 



greenhouse gas emissions.  
      We’re also working with a group called the Institute for Local Government [ILG] and their California 
Climate Action Network; the ILG will assist local jurisdictions in conducting inventories of greenhouse 
gas emissions, developing action plans and implementing policies to reduce greenhouse gas emissions and 
working with them to incorporate solid waste management and recycling strategies into the network.  
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As David and Debra both touched on, the diversion of organic materials from landfills can provide a 
significant reduction of greenhouse gases through landfill methane avoidance, and also beneficial offsets, and 
they both did mention a lifecycle assessment study which is the project we’re working on.  For organic 
diversion alternatives, we were hoping to better quantify some of those beneficial offsets, especially for the 
composting.    
      The Waste Management Board has also set a goal, a strategic directive for itself, to reduce the amount 
of organics disposed of in landfills by 50 percent in the year 2020, and this will require a major increase in 
composting infrastructure.  To help support this, we’re conducting demonstration and field workshops on 
compost-based best management practices.  We’re developing compost specifications for agricultural uses, 
studying the effectiveness of either compost to recover and mitigate methane emissions in landfills, and also 
working on tackling site and capacity issues to increase the ability to site and expand the composting 
infrastructure.  
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The recycling and waste management subgroup has also developed a measure to increase the use of 
anaerobic digestion technology to convert organic materials, to utilize or convert to fuel our energy and 
offset fossil fuel energy sources.  
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Extended producer responsibility is a strategy to place shared responsibility for end-of-life product 
management on producers and all entities involved in the product chain.  For producers and other 
stakeholders to become responsible for the end-of-life costs creates an economic incentive to reduce those 
costs through better product design.  We also feel this has an opportunity to realize greenhouse gas 
reductions.  
      Environmentally preferable purchasing is another element of this measure and was developed to 
increase demand for products that would yield a variety of environment benefits including waste reduction 
and greenhouse gas emissions.  In the State of California, all of the state agencies have been directed to help 
lead by example in reducing their greenhouse gas emissions, and environmentally preferable purchasing is 
one of the key strategies taken in implementing the state’s purchasing power to help reduce our greenhouse 
gas emissions.  
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Through our work with the Land Use Climate Action Team subgroup, we’ve really built on some 
excellent work done in Alameda County at Stopwaste.org which is quantifying the greenhouse gas benefits 
of watershed-friendly landscaping guidelines.  We took some of the work that had been done in Alameda 
County and put forward a measure for consideration by the Air Resources Board that would expand that 
work to 50 percent of the landscaped area within California.  There’s seven basic principles here:  landscape 
locally, landscape with less waste going to landfills, nurture the soil, conserve water, conserve energy, 
protect water and air quality, and create and protect wildlife habitats. This is a strategy that could offer 
significant greenhouse gas benefits, including offsetting the electricity used to transport water.  
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For more information, you can either contact myself or Teri Wion; you can also visit the Waste 
Management Board’s Climate Change Web site that was just posted live this morning and find more 
information on all these measures we’ve been developing in collaboration with the Air Resources Board.  
 



 
HAWAII:  STEVEN CHANG: SOLID AND HAZARDOUS WASTE BRANCH, DEPARTMENT OF 
HEALTH: 
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On June 30, 2007, the Governor of Hawaii signed into law Act 234, the Global Warming Solutions Act, 
which mandates that statewide greenhouse gas emissions be reduced to 1990 levels by the year 2020.  The 
recent greenhouse emission inventories became apparent in 2005.  Over 92 percent of our greenhouse gas 
emissions were generated from Hawaii’s energy sector.  On January 20, 2008, a memorandum of 
understanding between state government and the U.S. Department of Energy Office of Energy Efficiency and 
Renewable Energy created the Hawaii Clean Energy Initiative.  The agreement seeks to transform Hawaii’s 
energy portfolio into a predominantly renewable energy mix, moving away from reliance on fossil fuels.  
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Under the MOU, Hawaii will become a testing ground for a portfolio of renewable energy technologies, 
including solar, ocean thermal, wave energy, geothermal and wind.  The state will also pioneer financial 
policy and business models that we hope can be replicated throughout the United States.  As you know, 
Hawaii currently depends on imported fossil fuels for almost 90 percent of our energy.  Our environmental 
programs will be tasked to provide a great deal of technical assistance to industries developing these new 
technologies, and we want to insure the proper waste management and protection of sensitive ecosystems.   
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Hawaii is unique in that it is the only state that’s completely surrounded by the ocean.  As I mentioned on 
the previous slide, our residents literally cling to the edge of volcanoes.  This is a view of Waikiki Beach, 
which is really the centerpiece of Hawaii’s largest industry, tourism, and in the background, you can see 
the edge of Diamond Head, and you can see the communities.  They’re all within three miles of our coastal 
waters.  
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Climate change would have a dramatic impact on our state and all other island communities in the Pacific 
Ocean.  This photo is a projection of what Waikiki would look like with a one-meter increase in sea level.  
Beaches would disappear.  Communities, our harbors, our airports, the entire ecosystem would be 
destroyed or unusable.  Hawaii currently imports 80 percent of all food and merchandise by marine 
commerce, and you can see just a simple one-meter increase would have a devastating effect on our 
economy.  
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Waste management activities represent the largest source of our non-energy greenhouse gas emissions.  As 
fully you’ll see in this photo, it tells in comparison to the 25 million tons of fuels to equivalent generated 
by the energy sector.  Our solid waste management activities represent about 1.7 million tons of carbon 
dioxide gases and this is about six percent of our overall footprint. And it is an area of great controversy 
here in Hawaii today as communities are questioning the need for landfills and challenging identifying 
where landfills should be placed as landfills reach capacity.   
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The City of Honolulu that has about 70 percent of Hawaii’s population is even currently considering 
proposals to shift about 100,000 tons of solid waste to the Pacific Northwest.  It’s an interesting strategy to 
reduce our carbon footprint but obviously would have an impact on our Pacific Northwest communities.   
      Waste management is a huge challenge here in Hawaii. We have a high waste generation.  It’s 
currently at about over nine pounds per person per day.  There is limited curbside recycling.  But in this 
morning’s paper we’re encouraged that the Mayor of  Honolulu has decided to move forward with an Island 



wide curbside recycling program.   We hope that that will have a significant impact on the reduction of 
waste going to our landfills.   
     One of the other challenges we have is the material that we can take out of our waste stream there is a 
huge cost to send those materials through our recycling markets on the West Coast or into Asia.  A typical 
newspaper recycler may pay as much as four times the shipping cost to send newspaper to market to China 
as would a West Coast recycler.   
     Another area that has been of challenge to us is the fact of  extended product stewardship.  In the rest of 
the United States there are opportunities where manufacturers will take back products at the end of life.  One 
example would be acoustic tiles in most of our buildings.  But Alaska and Hawaii suffer from the fact that 
currently those programs exclude our two states,  
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We’re very concerned being here in the middle of the Pacific Ocean on what the impacts of global warming 
will have on our community.  Can you imagine Waikiki Island in the year 2100?  You should start 
looking for new ocean front property behind Waikiki and you might consider having your own island in 
Waikiki.  All right, that concludes my presentation.   
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This is my contact information.  Thank you.   
  
IDAHO: JOANNA PIERCE, IDAHO DEPARTMENT OF ENVIRONMENTAL QUALITY:   
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In Idaho the state effort to reduce greenhouse gas emissions was formally initiated in 2007 by Idaho’s 
governor through an executive order that appointed DEQ to take a leadership in completing a statewide 
emissions inventory which we’re currently completing which will include waste related emissions from 
sources such as residential burning, from yard waste, and also from municipal landfills.  
      He also appointed DEQ to work with state government to implement greenhouse gas reductions within 
each agency, to provide recommendations to them on actions that can be taken to reduce greenhouse gas 
emissions on a statewide level, and to serve as a central point for coordinating greenhouse gas reduction-
related efforts and information for the state.  To fulfill DEQ’s directive to work directly with other state 
agencies, the DEQ has formed what we call the Greenhouse Gas Working Group which consists of DEQ 
and 14 other state agencies.  The goal of this group has been to encourage state agencies to take the first 
step in reducing greenhouse gas emissions before we ask or require industry to do the same.  And so in 
2007 each Greenhouse Gas Working Group member developed an agency specific greenhouse gas emission 
inventory and an action plan. The action plan of each agency included goals specific to reducing waste 
through source reduction and recycling efforts and this working group is an ongoing effort by the state.  
Agencies are continuing to implement their plans, track their emissions on an annual basis, and identify 
new opportunities for reduction.   
      In addition to emissions on waste, Idaho also recognizes that emissions from vehicles are a major 
source of greenhouse gases, as well as, a major source of pollution in Idaho especially in our more urban 
areas.   
     And so Idaho’s governor has established a policy directing all state agencies to decrease the amount of 
gas and diesel used in state vehicles through various ways including increasing vehicle fuel efficiency, 
increasing operating efficiency, reducing vehicle miles traveled, and giving priority to hybrid or electric or 
other fuel efficient or low emission vehicles.  And the state is also beginning to track the use of alternative 
transportation by state employees and always looking for ways to incentivize employees to increase their 
alternative transportation methods.   
     Idaho is also currently a member of the Climate Registry and a member of the Western Climate 
Initiative.  And recently DEQ, the state agency, signed up to become a reporting member of the Climate 
Registry and is currently working to recruit additional reporting members by hosting a meeting with 
interested industries, universities, cities, environmental groups, and really any interested parties.    
     Additionally the Center for Climate Strategies recently prepared a report for DEQ which contained an 
inventory and a forecast of the state’s greenhouse gas emissions from 1990 to about 2020.  And the goal of 
this report was to provide Idaho with initial understanding of its current and possible future greenhouse gas 
emissions.   
      The last thing I am going to mention today is that Idaho’s Carbon Sequestration Advisory Committee 
which was formed in 2002 to address growing concerns related to carbon emissions and greenhouse gases.  
Currently the committee is working to partner with several carbon sequestration entities in an effort to 
develop a viable carbon market for Idaho’s agriculture and for its land owners.  So, that’s it.  My contact 
information is on the slide you’re watching. 



  
NEVADA:  ERIC NOAK, NEVADA DIVISION OF ENVIRONMENTAL PROTECTION:  
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I am sitting in for Colleen Cripps and I have included Dr. Cripps contact information on the last slide.  
Nevada currently doesn’t have any climate change legislation that is specific to solid waste, however, we 
do have several actions underway and one of which may actually result in some favorable legislation.  Like 
many states the governor established a Climate Change Advisory Committee and we’re an observer in the 
Western Climate Initiative.  And in addition to being a founding member and founding reporter in the 
Climate Registry, we are implementing a Nevada Greenhouse Gas Registry.   
 
SLIDE 101-2-40:  
 

 
The governor’s Climate Change Advisory Committee is made up of members of academia, government, 
environmental advocates, and business leaders.  They were asked to evaluate the implications of climate 
change on Nevada and make recommendations, they have completed their work and a report has been 
produced and it should be up for public comment and posted on the Energy office’s Web site which is 
listed there at the bottom of this slide, the Web site is.  And so we should be able to see what those are.  
And I understand there are  26 or 28 recommendations and  I know that waste management recycling is 



included in this report.  But they were also asked to prioritize the top six and I am not sure but I do not 
believe that it makes the top six. So, we’ll have to wait and see and then, of course, we’ll be able to 
comment on that.   
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Senate Bill 422 was passed in our last legislature and signed by the governor in June of 2007.  It requires 
that electric generating units of five megawatts or greater report their gas emissions and requires the 
development of a greenhouse gas emissions inventory that will be updated every four years; that work is 
being done in our division.  It will allow us to understand and quantify the emissions. Again, while we 
don’t have specific solid waste legislation, we may be able to use the recommendations from the 
governor’s Climate Change Advisory Committee to move forward with that.    
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This is the contact information for Colleen Cripps who’s our lead for climate change, and that’s all I have.  
 
 
OREGON: DAVID ALLAWAY, OREGON DEPARTMENT OF ENVIRONMENTAL QUALITY:   
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I’m just going to provide a quick overview of some of the other activities occurring here in Oregon as it 
relates to materials and waste.   
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Our work really began in 2004 when our Governor convened an advisory group on global warming; the 
advisory group was supported by seven technical subcommittees including a subcommittee on waste. DEQ 
was asked to staff the subcommittee and we changed its name to “Materials and Waste.”  Each 
subcommittee was charged with forecasting emissions to the year 2025 under a business as usual scenario 
and we chose to build a forecast of lifecycle emissions of the materials that become waste as opposed to 
limiting ourselves to the landfill and incinerator emissions. We did this because our technical 
subcommittee was also charged with identifying policy and program options to reduce emissions and 
estimate the resulting greenhouse gas reductions. Since most of the greenhouse gas reductions associated 
with waste prevention and recycling are upstream in production,  and not landfill related, limiting our 
emissions analysis to landfills would have foreclosed much of the discussion around these powerful 
emissions reductions options. So, we took this unprecedented step of trying to estimate the full emissions 
over the lifecycle of materials consumed and discarded in Oregon.  We now know that we significantly 
underestimated the production-related emissions, but in any case, you can see our early work by going to 
the URL shown here.  
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A few other activities are shown on this slide.  We’ve been very active in making reference to the 
greenhouse gas benefits of recovery in our outreach to the public and I have to say that our local 
governments and recycling industries have told us that they really appreciate having their programs and the 
benefits of those recycling programs highlighted in this manner.  
      As I noted earlier, we completed a few years ago, a very interesting analysis of the environmental 
burdens of a wide variety of e-commerce shipping options and this has been widely used by the packaging 
industry in the United States as they try to make and figure out how to make their packaging more 
sustainable.  
      We’ve also provided some limited assistance to leading local governments here in Oregon who have  
worked to integrate climate into their own programs.  For example, we provided some limited assistance to 
the City of Portland a few years ago as they evaluated how far they could ship their food wastes to a 
compost facility before the transportation emissions would exceed the avoided landfill emissions.  We 
mentioned that earlier.  
      We are now starting work to update our supplemental accounting effort.  We’re doing this to shine a  
spotlight on the very significant emissions related with materials consumption.   As Deborah pointed out 
earlier, conventional greenhouse gas inventories, including that of our state, treat energy and materials 
consumption and by extension, energy and materials conservation,  inconsistently. Most of the other states 
we’ve heard from today have told us that waste typically comprises one to three percent of their 
conventional inventories.  Well, we know that if we look upstream, it’s many, many times higher. Our 
state Environmental Quality Commission, which is the board that our agency reports to, has told us that it 
is important for both informed policy making and also maintaining credibility with the public that the 
state’s emissions inventory accurately reference emissions associated with the consumption of goods just as 
it treats the consumption of energy.  We could influence these through waste prevention, green purchasing, 
sustainable consumption, and recycling.   So we’re starting on a project to supplement Oregon’s 
conventional greenhouse gas inventory with a process to help policy makers and the public understand the 
magnitude of these consumption related emissions, and yes, that’s even the emissions that occur overseas. 
You’ll hear more about a related project underway at the USEPA at the Webinar in August and I’ll just 
mention that these emissions are really very, very large.  
     We’ve also recently adopted a waste prevention strategy in response to our statutory waste prevention  
goals and also directions from  our governor’s advisory group on global warming that Oregon should strive 
to achieve these goals for their very significant greenhouse gas benefits. While all the work on this strategy 
has a greenhouse gas benefit, I have listed four specific projects here.  In the interest of time, I’d be happy 



to take questions about any of them during the Q&A period or following this presentation.  That’s my 
comments.  Thank you very much. 
  
 
WASHINGTON:  JAY SHEPARD, WASHINGTON STATE DEPARTMENT OF ECOLOGY:   
 
We, too, at Washington State have a climate action team that is working at the behest of the governor.  
Last year, they developed a report of progress to move forward.  They identified several action areas and 
have formed what they call implementation working groups to develop actionable strategies that will reduce 
the amount of greenhouse gases generated immediately, or as soon as possible. Those groups include a 
group on the state environmental policy act, a group on growth management, another group on green 
building, another on forestry, another on agriculture and finally our beyond waste working group, an 
implementation working group.  
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The goal of this “Beyond Waste” group is to significantly expand source reduction, reuse, recycling and 
composting to realize large amounts of greenhouse gas reductions.  As David was explaining before, we 
want to increase organic technical materials recycling, reduce the use of virgin materials, fossil energy and 
reduce landfill gas emissions.   
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We are working around eight task areas, shown on this slide.  The first one is looking at our collection and 
processing infrastructure within the state and determining if there’s ways to optimize that system that is 
already effective in collecting recyclables.  The second group is looking at expanding, recruiting and 
developing in-state businesses that can use recyclable materials in their manufacturing processes using 
incentives such as investments financing.  Our third task group is looking at removing organics from the 
disposal stream and putting them to higher and better uses such as healthy soils, bio-energy production, 
new products production, et cetera.   Task area four is looking at product stewardship, specifically at 
product stewardship framework legislation that for consumer products focused on the lifecycle of the 
products and their cradle-to-cradle design and their materials and energy content.  
      The fifth area relates to business activities and expanding byproducts synergies between business to 
business. We’re also looking at zero ways business practices designed for the environment and other 
emerging technologies that we can come up with in the industries in the state.  Task six looks at our own 
internal environmentally preferred purchasing practices at the state level and seeking ways to improve that.  
 Area seven looks at supporting and expanding reuse within the state both at the consumer and industrial 
levels, and task number eight is the one that we all want to work on which is achieving higher levels of 
pollution prevention and waste production upstream in all sectors.   
     Right now we are working at a break-neck speed.  We will be developing recommendations in all of 
these eight task areas and bringing them back to the larger climate action team for their consideration and 
those should advance next to the legislature.  Hopefully those proposals will get adopted during the next 
session next winter.  
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I co-lead the Beyond Waste Implementation Working Group along with Sego Jackson from Snohomish 
County and Jody Snyder from Pierce County Recycling Composting and Disposal, which is a limited 
liability corporation in Washington.  The Web page for our particular working group is at the bottom of 
this slide and the complete climate change Web page is also available on the Department of Ecology Web 
site.  Thank you very much.  
 
 
PART 5: QUESTIONS AND ANSWERS FOR THE STATE PRESENTERS:  
 
Q1. Are emissions from solid waste collection vehicles counted on the first slide’s pie chart as 
transportation or as waste?  
 
A1. Varenchik: They would be counted as transportation.  Strangely enough, before I came into the climate 
change group in late 2006, I worked on the Air Board’s regulation to reduce diesel smoke or PM 
emissions from waste collection vehicles, so I’m fairly familiar with that, and certainly, they would be 
counted in transportation emissions, I’m pretty sure.  
 
Q2. Is California going to adopt the ICLEI protocol and US EPA’s WARM model?  
  
A2. VARENCHIK: I couldn’t tell you that; I just don’t know the answer.  One of my disabilities, so to 
speak, is that I work in the Air Board’s Southern California office, and all of the other staff who are working 
on climate change are in the Sacramento office.  So sometimes, I’m a little behind the curve in picking up 
on information that, you know, might be talked about over lunch or when you run into somebody in the 
hall.  So I just cannot answer that question.  But if the person who asked the question would send me an 
email so I’d know who to respond to, I’ll get  
the answer and get back to you.  
 
A2. WILLIAMS: I would mention that ARB has been working with ICLEI and the California Climate 
Action Registry on a local government operations protocol, and a draft of that protocol was released this 
week; I believe the cutoff date for comments on that is July 18.  So that is something that is out there. 
  
Q3. Are the CO2 emissions reductions for the State of California proposed to be calculated on a state basis, 



and has population growth and economic growth been taken into account in the overall percent reduction?  
  
A3. VARENCHIK: The first part of the question is yes.  What we calculated was we calculated what we 
have here in California from various things like electricity generation or use, even if the electricity is 
generated outside of the state, cement manufacturing, automobiles, trucks and things like that.  What were 
the other two parts of that question?  
  
Q3a. Has population growth and economic growth been taken into account in the overall percent reduction?  
  
A3a. VARENCHIK: It probably has.  I know that one of the things that we try to stress to people is that 
this is not – you know, once it’s adopted, it’s not a dead document.  We can continue to upgrade, tune-
up, change as we move along in time, which we have done over the last couple of decades with our 
standard automobile regulations to cut down on smog-forming emissions.  As things change, the last time 
we did this was in 1998, when we realized that sport utility vehicles were becoming very popular as 
passenger cars in California, yet we regulating them at the time as work trucks, and so we made changes to 
bring the sport utility vehicles into the area of passenger cars.  The same would happen with the work that 
we’re doing on climate emissions, that adjustments that need to be made can be made down the road.  
  
Q4. Are you considering a ban on organics from the landfills?  This is currently under way in Europe  
and would be far more effective than improving fugitive methane capture.  For example, you do not have  
to capture fugitive emissions if you anaerobically digest organics by capturing all emissions.  
  
A4. VARENCHIK: The answer to that is that I don’t know.  You know, we’re so early in the process of 
getting these protocols in place.  Again, if that individual would send me an email, I can check with the 
folks in our office, or they could send an email directly to the staffer whose name I mentioned on the 
methane emissions and ask that question.  If they don’t get a satisfactory answer, they can contact me.  
  
Q5. This is for Richard with the California Air Resources Board.  To what extent does the scoping plan 
that you mentioned in your presentation address the impacts of goods which were identified in David 
Allaway’s presentation as very important.  
  
A5. VARENCHIK: We have a whole section of the scoping plan that is devoted to goods movement, you 
know, items coming into the ports. California has some massive shipping terminals and then the trucking 
or taking them by train and distributing them around the country, even moving things around within the 
port facilities.  If you go to the Air Board Web site, and then climate change, you can look for goods 
movement and just get a whole overview of what we're doing in that regard.  
  
Q6. A few questions here for Clark Williams with the California Integrated Waste Management Board.  
Clark, could you explain more on the commercial recycling measure.  What things will be done to increase 
commercial recycling and where could someone find more information on the subject?   
  
A6. WILLIAMS:  As far as finding more information on the subject, I think you can get a good idea of our 
efforts underway by going to our Board Web site and putting in climate change in form of our commercial 
site.  As I mentioned, we had submitted some measures to the Air Resources Board for consideration 
during the  scoping plan development process; those weren’t included in the main body of the draft plan 
that was released today.  Our understanding is they will be releasing some appendices next week and we're 
hopeful that more details on commercial recycling will be incorporated into those appendices of that 
scoping plan.    
 
Q7. Another one for you Clark.  Will the life cycle analysis of organic diversion alternatives include 
anaerobic digestion?    
  
A7. WILLIAMS:  Yes.    
  
Q8. This one I believe is for Hawaii.  The largest volume export from the United States is waste newspaper 
out of Los Angeles to China.  If California can export waste paper to China, why not from Hawaii 



considering it's only half the distance to China?  Maybe someone from California can answer that, as well.    
  
A8. [No reply, Hawaii speaker is not available.]  
 
Q9. What is the best source for understanding the 71 tons of upstream impact for every ton of waste?    
  
A9. ALLAWAY:  Sometimes we hear this oft quoted statement that for every ton of waste in the trash can 
that there are 71 tons of waste upstream from the production of what we buy.  I should know but actually 
don't know exactly where that number came from.  The analyses that I've seen that try to estimate similar 
numbers show that a lot of those wastes are carbon dioxide, processed water, and mining overburden.   
These wastes are really not the same kinds of waste  (in particular in the case of the mining overburden and 
processed water) with the same sorts of greenhouse gas impact as discarded products treated as wastes have 
but they’re wastes nonetheless.   
     In terms of where that number came from exactly, I don't know, but the World Resources Institutes 
came out with a report called The Weight of Nations, about 2000 or possibly in the late 1990s.  And then, 
Jay Shepard, actually you were mentioning to me a report from the early '90s that tended to estimate these 
upstream burdens as well.    
   
A9. SHEPARD:  There was a report done by The Office of Technology Assessment that no longer exists; 
it was a branch of the Congress.  It was called Green Products by Design, published in 1992, which 
demonstrated that municipal solid waste was 180 million tons of the total US generation of solid waste 
compared to the total waste which was in excess of 11 billion tons.  So it was a small fraction and the rest 
of the wastes came from production processes.  A person who has done a lot of research on the subject is 
Robert Ayres, A-Y-R-E-S.  You can find him on the Internet. He has done some very interesting research 
on the subject.  And The Weight of Nations report is very good as well.   
  
Q10.  What actions can state or local governments make to reduce greenhouse emissions from products 
manufactured overseas?    
  
A10. ALLAWAY:  There are really two approaches for dealing with these overseas emissions.  And to put 
this into context, let me share with you a statistic I recently found that a third of China's carbon dioxide 
emissions in 2004 was a direct consequence of producing goods that were sold to other countries; that’s 
really significant.  And it’s become a topic of hot debate as nations debate the post-Kyoto world.  How 
should those emissions be allocated?  Should producers bear all the responsibility for the emissions that 
they produce?  Or should consumers share in the responsibility for those emissions?  It's a very interesting 
policy discussion.  But generally speaking there are two approaches.   
       Let me share one other statistic here that I think is very meaningful. Some researchers at Carnegie 
Mellon University estimated that in 1997, the U.S. had a carbon trade deficit that added somewhere 
between two to seven percent emissions above and beyond our conventionally calculated inventory.  And 
by 2004, it had grown to somewhere between three and 21 percent above and beyond the emissions in our 
conventional inventory.  And much of this shift was because of outsourcing of production to other countries 
and because much of that production shifted to China whose energy sources tend to be dirtier than those in 
the United States.   
     So with that as context, what can we do about it?  One thing we could do would be to try to protect 
domestic manufacturing.  If it is true that domestic manufacturers can produce goods cleaner than overseas 
manufacturers, then we have a compelling policy interest in keeping production local. And I’ll emphasis 
this doesn’t have much to do with transportation.  It's not the freight impact I'm talking about.  It's about 
the fuels that are used to make the products and the materials in the first place.  So that is a bit of a game 
changer.    
      And I will share anecdotally that sometimes Oregon manufacturers are surprised when I, as a  
representative of  the state’s environmental agency, come out and say, “Hey, there are environmental 
benefits to increasing manufacturing in this state.“  They kind of scratch their heads and asked if I could be 
quoted on that.  And I say yes with the condition that we’re not entirely confident in this data.  So that’s 
one approach.   
       - The second approach is technology transfer.  And that’s to help other nations and other 
manufacturers clean up their act and to produce things in a cleaner way.   
       - A third approach would be to encourage buying local.  And, again, that’s not buying local for the 



freight benefits, although there are freight benefits also, but for the broader environmental benefits and 
potentially some other sustainability benefits for our local economies.  I'll stop there.    
  
Q11. American Indian tribes are often located in remote areas.  Does anyone have a suggestion about how 
they can implement a recycling program or reduce waste in remote areas?   And what is the best way for 
those tribes to reduce greenhouse gases.  [Jay Shepard of Washington State offers  to answer the question 
off-line.] 
 
Q12. Besides California, do any of the other states represented here today have a statewide mandatory 
diversion rate?  If so, what is that rate?  Or if not, do you know what your diversion number was for 2006?    
  
A12. SHEPARD:  We have a goal of 50 percent in Washington State. In 2006 the recycling and diversion 
combined number was, I think, right at 48, 49 percent.  
  
Q13. So, that’s a goal, not a mandatory rate, right?  
  
A13. SHEPARD:  Correct.  
  
A13. ALLAWAY:  This is David Allaway at the State of Oregon, we have a statutory recovery goal, 
which is 45 percent by 2005 and 50 percent by 2009; in 2006, our recovery rate was 47 percent.  We also 
have statutory waste generation goal, which is for 2005: no increase in per capita waste generation, and, in 
2009: no increase in total waste generation.  And we define generation as the sum of recovery and disposal.  
  
Q14. Wal-Mart reports that of their total carbon footprint, 92 percent is in the form of embedded carbon in 
the products that they sell.  In essence, 92 percent of all their carbon footprint was already consumed in the 
manufacture and transport of the products by the time they reached US ports.  
  
A14. ALLAWAY:  I’m involved with Wal-Mart and their packaging sustainable value network and I’ve 
heard that number from them several times.  Some critics would say this is Wal-Mart attempting to 
minimize the impacts of their fleet and their buildings, but I think that’s an unfair criticism.  Their fleets 
and their buildings are still major contributors to greenhouse gas emissions, and they are working on 
those.  But it is true, that given the accounting standard they have chosen to use, which is a full life cycle 
approach, that looks upstream at production, 92 percent of what they might call their span of control is 
associated with the goods that they sell.  This is important because it suggests to Wal-Mart that they 
could accomplish really significant greenhouse gas emission reductions by, shall we say, encouraging their 
suppliers, like Procter & Gamble and Kellogg’s and other companies, to reduce the embodied greenhouse 
gas emissions in their materials. So that’s a very powerful strategy that has the potential to yield some 
very significant results.  Even if those greenhouse gas emission reductions occur in China and they don’t 
get counted in our state inventories, they still represent a real reduction in emissions.   
     I’ll also emphasize that global warming emissions are called global warming for a reason.  It doesn’t 
matter where the emissions occur, they’re still going to melt the snow pack in the western states of the 
U.S.    
  
WRAP-UP:  
 
DANA WARN:  Thank you everyone for participating in today’s West Coast Webinar, on climate  
change, waste prevention, recovery, and disposal.  And thank you, all of our speakers, your presentations  
were very informative and useful, and we really appreciate your involvement.  We want everyone to know  
that our next Webinar is on July 16th, from 1:00 to 3:30 p.m., Pacific Time, and it will be covering 
compost  
and landfill issues.  We’ll hear from Sally Brown with the University of Washington, and Brenda Smyth 
from the California Integrated Waste Management Board, and they will cover compost related issues.  
We’ll also hear from Stephanie Young of the California Integrated Waste Management Board; she will 
cover landfill-related issues, and Gary Liss of Gary Liss and Associates will cover zero waste issues.  
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DANA WARREN: We have four speakers today; the first three will explore the 
connection between various IWM managements of organic discards; the last will talk 
about zero waste.  
       Stephanie Young, a waste management engineer for the Waste Compliance and 
Mitigation Program of the California Integrated Waste Management Board [CIWMB], is 
our first speaker. She has 14 years of experience in the solid waste management field and 
is currently responsible for facilitating the climate action team’s recycling and waste 
management subgroup, managing projects under the CIWMB's climate change landfill 
methane capture strategy and providing technical engineering assistance to both internal 
programs and external agencies. She will provide us with an overview of the connection 
between climate change and landfills.  
       Sally Brown and Brenda Smyth will combine to cover the connection between 
compost, organics and greenhouse gases. Ms. Brown is a research associate professor at 
the University of Washington's College of Forest Resources. She is a member of the 
National Academy of Science's Standing Committee on Soil Science, is on the Chicago 
Climate Exchange Committee to develop a protocol for methane avoidance from landfill 
diversion, and has a monthly column in BioCycle magazine on greenhouse gases.  
Brenda Smyth is currently a division chief for the CIWMB in charge of the statewide 
technical and analytical resources division that works on projects related to organics, 
green building, conversion technologies, climate change, extended producer 
responsibility, tires and special waste. She has 24 years of experience in both the public 
and private sectors.  



       Our final speaker will be Gary Liss, an independent consultant who will cover Zero 
Waste activities and their connection to climate change. Gary Liss has over 35 years of 
experience in the solid waste and recycling field and was a founder and past president of 
the National Recycling Coalition and was solid waste manager for the City of San Jose, 
California. He has documented zero waste businesses, developed zero waste business 
principles, helped the Salt Lake City Olympics and the world summit on sustainable 
development in Johannesburg achieve zero waste and helped organize "Zero In on Zero 
Waste" business conferences.  
       All of these speakers’ full bios are available on our Web site if you’d like to read 
more about their experience. There will be a time for questions. Now, Ms. Young.  
 
 
FIRST SPEAKER: STEPHANIE YOUNG, WASTE COMPLIANCE AND 
MITIGATION PROGRAM OF THE CALIFORNIA INTEGRATED WASTE 
MANAGEMENT BOARD: 
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Today I’ve been asked to talk about landfills and how they affect climate change. Our 
primary concern is the emission of landfill gases and, most importantly, the methane 
component. Understanding emissions from landfills is an important element of 
understanding the relative benefits of certain waste recovery and diversion activities such 
as composting, where methane avoidance can be a significant benefit.  
     We first must discuss some of the basics of the chemistry and physics behind landfill 
emissions, then talk a little bit about how these emissions can be controlled, and end with 
examples of California’s efforts to reduce landfill emissions. At times I get pretty 
technical, because my primary duty at the waste board is to provide technical engineering 
assistance to the clean up branch; my experience in general has been out in the field, 
working as the project manager that coordinates, organizes and executes large scale 
engineering projects at landfills from concept stage through permitting, budgeting, 
contracting, construction, start up, and ongoing maintenance. So, just to give you an idea 



of my point of view, I’m just one of those people that actually gets things done in the 
field. So, let’s begin and talk a little bit about landfills.   
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     Why are landfills being targeted?  
     All landfills produce methane, a very potent greenhouse gas. So, according to 
California Energy Commission’s 2005 consultants' report titled "Research Roadmap for 
the Greenhouse Gas Inventory Methods," landfills are the largest source of anthropogenic 
methane emissions in California. In 2008, the USEPA issued a report entitled "Inventory 
of U.S. Greenhouse Gas Emissions and Sinks from 1990 through 2006," and USEPA 
stated that landfills accounted for approximately 23 percent of the total U.S. 
anthropogenic methane emissions in 2006, which is the second largest source of methane 
in the United States, the first be enteric fermentation (gas from the gut of cattle). 
However, more recently, the California Air Resources Board completed their emissions 
inventory where emissions from landfills (not the amount of methane made in landfills 
but the amount escaping into the atmosphere from landfills) were estimated at 5.62 
million metric tons of carbon dioxide equivalent in 2006, down from 6.26 million metric 
tons of carbon dioxide equivalent in 1990. With these numbers, the landfill industry has 
met the state's goal of reducing current emissions to 1990 levels by 2010; we've done it.   
       Why is methane a potent greenhouse gas?  Methane absorbs terrestrial (meaning 
what's coming from the earth) infrared radiation (otherwise known as heat), that would 
otherwise escape into space. In addition to being able to trap heat, it has a global warming 
potential 21 times that of carbon dioxide. Meaning that it’s 21 times more powerful at 
warming the atmosphere than carbon dioxide. However, it has a chemical lifetime in the 
atmosphere of about 12 years, which is relatively short, thereby making it a great 
candidate for mitigation efforts over the near term.  



     Just to mention, though, that methane is not only a potent greenhouse gas but it also 
has several potential threats to public health and environment; 1) it is potentially 
explosive in air when it is present at five to 15 percent methane in the air, 2) It is an 
asphyxiant in confined spaces, which means it displaces the air we breathe. And, 3) it’s 
odorous, toxic and can contain ozone precursor trace gases, otherwise known as volatile 
organic compounds, or VOCs.  
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How does a landfill produce its methane? This is actually a very complex anaerobic, 
biological process. When biogenic waste such as paper, food scraps and yard trimmings 
is first put into a landfill, the material is initially digested by aerobic bacteria, that is, 
microbes that live in air. After the oxygen in the landfill has been depleted, the remaining 
waste material is available for consumption by anaerobic bacteria which can break down 
the organic matter in the absence of air into substances such as cellulose, amino acids and 
sugars. These substances are further broken down through fermentation into several gases 
with a short-chain organic compounds that forms the substrates for the growth of 
methanogenic bacteria. These bacteria then transform these compounds into stabilized 
organic materials and landfill gas that is approximately 50 percent carbon dioxide and 50 
percent methane by volume, plus some small quantities of other volatile organic 
compounds [VOCs] in the mix.  How many and what kind of methanogens will exist in a 
landfill will depend on how much waste is there, what types of waste (preferably organic- 
decomposable types), how much moisture exists, the climate (which kind of relates back 
to moisture and barometric pressure), and how old the waste is.  
     All these factors and others will determine how much and how long this process of 
making methane from a biowaste feedstock will occur in a landfill. Significant methane 
production typically begins one or two years after waste is disposed of in a landfill and 
may continue for 10 to 50 years, sometimes even longer, depending on where the landfill 
is located and how it's managed.  
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This graph is in practically every textbook or guidance document that talks about landfills 
and landfill gas generation; it shows how the composition of landfill gas changes over 
time and how the cellulosic and free fatty acids volumes are consumed over time. The 
time scale is not really consistent from site to site; it would be different for every site 
depending on the conditions mentioned in my previous slide. Studies have shown that 
landfill gases are formed in five phases (that’s the Roman numerals at the top of the line 
graph). Different amounts of different gases are created at different phases of time.    
       1. Phase one (on the left) is when the biological decomposition occurs under aerobic 
conditions, the primary byproduct of this phase is carbon dioxide.  
       2. Phase two is when all the oxygen present has been completely consumed and the 
anaerobic bacteria begin to grow.  
       3. Phase three is a stage when acids (such as acetic, lactic and formic acids) and 
alcohol start to develop as they are converted by the anaerobic bacteria. In this stage the 
pH starts to drop due to all the acids; carbon dioxide and hydrogen are the primary 
byproducts.  
       4. Phase four is when a second group of micro-organisms, known collectively as the 
methanogens, convert this acetic acid and hydrogen gas to methane and carbon dioxide. 
This creates a more pH neutral environment for the methanogenic bacteria to establish 
themselves. Methane and carbon dioxide are the primary byproducts in this stage.  
       5. And then, lastly, phase five is when, after most of the readily available 
biodegradable organic material has been converted to methane and carbon dioxide, 



landfill gas production begins to slow down; it’s also further retarded if not enough 
moisture is present.  
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Now we need to look at what happens to all of the methane that is produced (that’s the 
arrow coming in from the left).  This slide shows the three major different pathways for 
the methane made at landfills. Methane can be 1) emitted into the atmosphere, 2) 
oxidized in the soil zone, or 3) it can be recovered and either a) flared, which is simply 
burned off, or b) converted into electricity, what we in the trade call landfill-gas-to-
energy [LFGTE].       
        There are other minor pathways, where methane can either migrate laterally from 
the waste mass (this is what used to cause explosions in cellars of buildings near old 
unmanaged landfills) or it can be stored in the waste mass itself.  (For the record, this 
type of methane storage is not to be confused with the carbon storage function of a 
landfill; my focus at this point is the methane that is actually retained in the waste mass 
during this entire five-stage process - carbon storage would be 30 minute topic on its own 
which I do not have time to cover today.)  
       The big concern for the climate change issue is, of course, emissions. Methane that is 
neither captured by controls nor naturally oxidized inside the landfill will be released to 
the atmosphere; these are called “fugitive emissions.” The current methods for capturing 
methane and other pollutant emissions from landfills have been the subject of intense 
scrutiny. The major concern is that the estimate makes assumptions which do not take 
into account all relevant factors that can have an influence on actual emissions. It is 
difficult to estimate methane emissions with a high degree of certainty from modelling or 
by direct measurement; I will talk about this more in greater detail later.  
       In California, an increasing portion of the organic waste stream is managed through 
composting and is not sent to landfills; these composting facilities are managed in such a 



way to reduce methane production, a subject on which Brenda and Sally will talk more 
about later.  
       To summarize, it’s important to remember that all methane created in a landfill has 
one of only four destinations: 1) it can be recovered through control mechanisms, 2) it 
can be oxidized through the workings of specific bacteria within the landfill, 3) it can 
remain unmodified within the landfill, or 4) it can be emitted into the atmosphere, which 
is what we don’t want to happen.  
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Now we need to look at the question of whether we can measure the methane that is 
recovered through control mechanisms. There are two ways to do this: direct 
measurement and indirect calculations.  
       In direct measurements, we can measure the methane that is recovered by an active 
system of vertical wells and horizontal collectors. The recovery is directly quantified by a 
system known as "mass flow measurements;" the methane recovered is calculated 
directly from measured flow rates of the gas in the collection system and an analysis of 
the concentration of methane in that gas. This reading is typically taken at the main 
header line for the entire system as it leads into the actual collection and control device 
which could be a flare or an energy recovery system. So, assuming that the methane 
concentration is constant between measurements, you can multiply the two and actually 
get a direct measurement of what is actually being recovered at that landfill.  
       With the indirect method, if your landfill doesn’t have a landfill gas collection 
system, a method to calculate potential methane recovery is to use a landfill gas 
generation estimation model such as the USEPA's Landfill Gas Emissions Model, often 
known in the trade as “LandGEM.” Another model, used by the Intergovernmental Panel 
on Climate Change [IPCC] is the IPCC’s "first order decay model." A third option is to 
hire a consultant that has good proprietary models which, for the most part in my 
experience, has been same models, the IPCC or the Land Gen, but they use site specific 
data to calibrate their defaults.  Then, using an assumed collection efficiency, meaning 
the percentage at which a comprehensive system is capable of capturing as a portion of 
all the methane that's created, the amount recovered is simply the multiplication of the 
collection efficiency and the model’s estimated generation rate in standard cubic feet per 



minute [CFM]. This method is typically used when designing the system, especially to 
calculate the size of the blower or other control device systems.  
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Now we want to look at methane oxidation. Just as there are bacteria naturally present in 
a landfill that create methane, so there are bacteria present in a landfill that eat methane;  
these are called methanotropic bacteria or methanotropes; these are not to be confused 
with methanogenes that create methane as discussed earlier. These methanotropes 
possess a specific enzyme which allows them to oxidize methane into methanol which is 
then further degraded to carbon dioxide. These bacteria feed on the methane created by 
other bacteria and prevent that methane from escaping into the atmosphere or being 
captured in a gas collection system. The percentage of methane that these bacteria can 
destroy can vary from 10 to 100%; when they do this to methane that would otherwise 
escape into the atmosphere, this is considered good, when they do it to methane that 
otherwise might be recovered and converted into energy, this would be considered bad. 
It's even known that in some cases, methane-eating bacteria near the surface of a landfill 
will suck in methane from the atmosphere in order to keep on eating. This creates what is 
known as a "negative flux" with methane in the atmosphere being drawn in to the upper 
layers of a landfill where the methane-eating bacteria are most likely to congregate. How 
this works in practice will depend on the nature of the cover materials on top of the 
landfill: its thickness, other physical properties, moisture content and temperature. The 
oxidation rate at the cover also relates to the amount of methane being released to the 
landfill surface; if there’s no methane because the gas capture system works so well, then 
there’s no methanotropes.  
       Can we measure methane oxidation? Again, there are direct methods and indirect 
ones. For direct, there's a new test called the "stable carbon isotope technique."  Since we 
know that methantropic bacteria prefer carbon 12 to carbon 13 atoms in methane, by 
examining the amount of carbon 13 in the methane that has not been oxidized that is 
ready to exit the landfill zone, we can determine how much oxidation is actually 
occurring. You can place a sampling machine on the top of a capped landfill (this 



machine is known as a static flux chamber) and measure the type of carbon atoms in the 
methane that does escape, or you can sample the gas in the gas collection system to check 
for the carbon 12/carbon 13 ratio. This is a complex topic, still pretty new, but if you’re 
interested, I have provided a link to a paper by Borjesson, Chanton and Svensson 
regarding this technique.  
       For indirect measurements, it has been well established that landfill cover soils 
provide some measure of oxidation of fugitive methane as it travels to the landfill surface 
and methanotropic micro-organisms are present in most soils.  
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The right hand column shows all the different studies that are out there and breaks down 
what the results were for methane oxidation and the maximum rate. And the fraction of 
the methane that they showed to have been oxidized by these different cover soils, also 
known as biofilters. Our consultant put this table together as part of an exercise, working 
to produce a guidance document on reducing landfill methanes that I will talk more about 
later. I thought it would be helpful for you to have this.   
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Now we want to look at methane generation. There aren't many direct measurement 
methods for measuring methane creation; I only know of one company that has 
developed a direct measurement landfill gas estimation method, and that company is 
Hydro Geo Chem Incorporated. There are probably a few others. Other pseudo-direct 
measurements have to do with the generation models and determining site-specific values 
for the input parameters. I’ll go into greater detail about those areas in the indirect 
section.  
       The baro-pneumatic method consists of accurate measuring and analysis of the 
pressure in the landfills as it responds to the natural variations in atmospheric barometric 
pressure. This method is based on gas flow principles and independent estimates on the 
gas permeability of the cover, the refuse and the surrounding soil. I haven’t seen them in 
action myself, but I have provided a link on the slide for more information if you’d like to 
learn more.  
       Since there aren’t many direct methods, methane generation can be indirectly 
estimated using the actual landfill gas system recovery data and also an assumed 
collection efficiency to calculate what is generated (take both numbers and average 
them).  
       The most widely used indirect method in use is the First Order Decay Models. The 
first order decay model is based on a first order reaction where the amount of product is 
always proportional to the amount of reactive material. Which means that the year in 
which the waste material was deposited in the landfill is irrelevant to the amount of 
methane generated each year; it is only a mass of decomposing material currently in the 
site that matters, and also its age.  
     The two most predominant first-order decay models are the landfill gas emissions 
model, otherwise known as “LandGEM,” developed by USEPA and, second, the Inter-
government Panel on Climate Change Model, although it’s shortened to “IPCC.”  
       The LandGEM can be used to estimate total landfill gas and methane generation as 
well as emissions of carbon dioxide, non-methane organic compounds and individual air 



pollutants from landfills. LandGEM primarily uses defaults from model inputs based on 
empirical data from United States landfills, primarily the “k” value (which is the methane 
generation rate) and “Lo” value (which is the potential methane generation capacity). The 
methane generation rate, the k rate, determines the rate at which the methane is generated 
from the waste in the landfill. The higher the value of k, the faster the methane generation 
rate increases and then decays over time. It generates really fast and then it slows down. 
So you get most of the generation out in the first few years. The value of k is primarily a 
function of four factors: 1) the moisture content of the waste mass, 2) the availability of 
the nutrients of micro-organisms that break down the waste to form methane and carbon 
dioxide, 3) the pH of the waste mass, and 4) the temperature of the waste mass.  
       Now the potential methane generation capacity,  the Lo value, depends only on the 
type and composition of waste placed in the landfill. The higher the cellulose content of 
the waste, which is the degradable part, the higher the value of Lo. Field test data can also 
be used in place of the model defaults when available, but it can be cost intensive to 
perform. The IPCC model further breaks down the k and the Lo values by allowing 
inputs of actual waste composition, landfill conditions, and microbial activity. So using 
inputs from the model and then calculating the k and the Lo values that are appropriate 
for the landfill that are used in this model.  
       Please note that there are many uncertainties associated with the first order decay 
model. A particular difficulty for the methodology is that the type of waste deposited in 
the landfill is a required parameter. More specifically, the type of degradable material – 
(for example, whether yard clippings or trees or food) is required. These data are 
required, ideally, on a yearly basis and are not readily available. In California we do have 
waste characterization studies that have California specific values that are probably better 
used for planning purposes, but not necessarily for measurement. So, let’s move on to 
methane as emitted.  
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Finally, I’ll talk a bit on methane emissions from landfills. Methane emissions are a 
function of several factors that include 1) the total amount of municipal solid waste in the 
landfill, broken down annually, 2) the characteristics of landfills receiving waste (such as 



the composition of waste in place, size, climate, liner and cover systems), 3) the amount 
of methane that is recovered and either flared or used for energy purposes, and, finally, 4) 
the amount of methane oxidized in landfills and in cover soils instead of being released 
into the atmosphere.  
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To go back to direct measurement, there are many different techniques of direct 
measurement of landfill emissions, however, there are many pros and cons, with the 
biggest controversy revolving around determining the actual flux of methane from the 
area of the landfill in mass per square meter per day. I’ve provided the tables but will not 
go into much detail on each one. I will however talk about the two that are currently 
being researched, the flux chamber method and the optical remote sensor/radial plume 
mapping. And, I’ve provided where I got the tables from, just in case you’d like to 
research it more.  
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In 2005 the California Energy Commission set out when first determining their research 
goals on landfills and climate change. This is the first part of the table that names the 
methods, describes them, and the advantages and disadvantages of each method and an 
overall opinion. This is pretty technical stuff but I wanted you to appreciate how there are 
many methods, but all have strong and weak points to their use. This is the first page of 
that chart,   
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and this is the second part of the chart, there are eight different methods listed here.  
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When it comes to measuring the methane that actually leaves the landfill, we have two 
most-common methods to measure the direct emissions: the flux chambers and the 
optical remote sensing/radial plume mapping method. For those of you that would like to 
know just a little bit more about all this, I provide some more information. The first 
citation is to the USEPA User’s Guide on Emissions Isolation Flux Chamber (the full title 
is on the slide) and the second one is an actual PowerPoint presentation done by Susan 
Thorneloe who works at the USEPA's air pollution monitoring program and describes her 
optical remote sensing and radial plume mapping system. 
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Here’s some photos at a landfill in California where both techniques were being used 
side-by-side. On the left is the flux chamber and on the right is a side view of the radial 
plume mapping and optical remote sensing.  
     The flux chambers are used to determine levels of subject compounds emitted from 
land or liquid surfaces. The flux chamber is set up to include a known surface area. Air is 
introduced to the chamber to mix with emissions and transport them to the collection 
device. The chamber should be designed to create the best mixing and sampling 
conditions without altering the emissions of gases at the surface. The samples collected 
are used to determine the actual flux of gases at the surface in micrograms per square 
meter per minute. But note, due to the configuration and size of the flux chamber, it 
would be difficult to install it around well penetrations. So, on the left side here we have 
the flux chamber being installed on the surface; the installers have to insure that there’s a 
tight seal between the cover soil and the actual flux chamber itself. And, on the top one, 
is the cover, which has a mixing component and a sampling component. So, as you can 



see, it’s kind of hard to put it up against a well penetration which would be on the upper 
right hand side. So, in this situation the site for study really placed flux chambers out to 
get an idea of what that look of flux might be from this certain penetration.  
     On the right side of the slide it shows the optical remote sensing device with radial 
plume mapping that was first developed at the University of Washington. In 1999 
researchers from the USEPA's Air Pollution Prevention and Control Division of the 
National Risk Management Research Laboratory and ARCADIS began work 
investigating and capturing emissions from area sources using this method. The radial 
plume mapping method uses a simple configuration of non-overlapping radial beam 
geometry to map the concentration distributions in the plane above the landfill.  
     Basically what happens is these two little devices, one is a vertical radial plume 
mapping device and the other one is a horizontal one. There’s a set of deflectors that set 
up horizontally along the surface; some deflectors are actually set up on the plane and 
they send the laser beams to these deflectors and get composition data across the plane. 
So, it’s horizontally and vertically. Using optimization algorithms in the software to tap 
into its concentration data, it’s converted into spatially distributed concentration maps, 
chamber locations of the emissions, and hot spots. The vertical radial plume mapping 
configuration consists of several optical beam paths deployed downwind from an area 
source. By incorporating the wind information, the flux of the plane can be directly 
calculated leading to a direct, measurement-based estimation of an emission rate from the 
upwind air/wind source. Because the study of these two methods is currently underway, 
the results of how the two compare has not yet been released.   
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I thought this was a pretty nice schematic diagram of a flux chamber. Nonetheless, 
measuring emissions directly is very difficult. One problem is that our landfill surface 
emissions are extremely heterogeneous spatially. According to some studies, the 
heterogeneity of landfill emissions is best integrated by a large scale, direct measurement 
technique, set add to total measurement for entire surface area can be considered. And, 
according to others, this problem can be overcome by using multiple measurements using 
a simpler technique such as the chamber method. Some studies have found a good 
agreement, about less than 10 percent difference, between chamber and plume/tracer 
measurements and argue that if properly done, both methods are reliable.  
     Other researchers argue that “static chambers can hardly be trusted for making more 
than small scale estimates of landfill gas emissions.”  But most researchers - even those 
who found agreement between chamber readings- recommend tracer and plume methods, 
wherever possible, because of their simplicity. Borjesson,  in a personal communication 
in 2004, notes that the failure to account for heterogeneity of emissions or the failure to 
cover the hot spots of emissions resulted in differences at the factor of four between 
chamber and tracer methods. However, large sampling projects are extremely laborious 
because of the number of samples needed and the resulting large amount of data which 
result in chambers not being widely accepted for large-scale flux measurements. It’s clear 
that if the chamber methods are to be used, it is best that researchers utilize methods that 
account and correct for any distortions that this method may create as a result of spatial 
heterogeneity.  
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Since there is quite a bit of uncertainty when trying to determine directly the actual area 
emissions from an entire landfill surface, many have relied on the old indirect method of 
using the First Order Decay Model to estimate the amount of methane generated. From 
that, if a landfill does NOT have a system in place, the amount emitted would simply be 
the amount generated minus what is oxidized.  
     If a landfill has a comprehensive gas collection system, USEPA identifies 75 percent 
as the default collection efficiency to use, which I know gives many people heartburn. 
The amount emitted would then be the amount generated, minus the amount collected or 
controlled and minus the amount oxidized.  
       I want to discuss the 75 percent collection efficiency a little bit further. A landfill gas 
collection efficiency is the amount of landfill gas that is actually collected in the system 
compared to the amount generated. As I mentioned, there’s quite a bit controversy around 
the 75 percent collection efficiency value. A study was done by the Los Angeles County 
Sanitation District where they found their systems to be near 100 percent efficient in 
collecting the gas. Other studies show between 85 percent to 99 percent.  Especially those 
systems that are compliant with the federal air quality regulations, specifically the New 
Source Performance Standard/Emission Guidelines may show collection efficiencies 
higher than 75 percent where landfills must meet stringent surface emissions performance 
standards.  
       On the other end, lower collection efficiencies are for those landfills that are not 
regulated under federal rules but do have systems in place for other reasons such as water 
quality degradation or gas migration control. However, with any method, estimating 
methane emission can be problematic due to the high spatial variability of emissions (no 
one surface is alike) and heterogeneity of municipal solid waste and variations of landfill 
and climate. Until a consensus or near consensus could be obtained on how the collection 



efficiency can be determined or tested in a site-specific manner, it appears as though 
we’re stuck with the 75 percent default.  
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All this being said, how can we control what emissions do escape from the landfill? This 
slide suggests three methods. 
       First of all, we could keep the degradable stuff out of the landfill in the first place, 
such as green or food material, shrubs and bushes, trees, anything else that’s organic. The 
green and food material can be composted, the paper could be recycled and other 
remainders composted as organics and anaerobically digested; this is an emerging 
technology. In some markets they’ll even segregate organics into dedicated landfill cells 
so they can control the decomposition either aerobically or anaerobically with highly 
designed capture systems.  
       The rest are considered engineered and operational controls, such as installing 
recovery systems before regulations require, changing the landfill gas system design, 
operating and maintaining the existing systems differently, increasing the monitoring to 
be able to detect leaks better or, finally, changing the way they build their landfills in the 
first place, such as the bio-reactor. An owner or operator may often elect to install a bio 
cover to oxidize methane if conditions allow.  
      A more comprehensive discussion on each of these items is provided by the 
California Integrated Waste Management Board with Management Publication 200-08-
001. Don’t bother writing that down, it’s in another slide. It’s entitled “Technologies and 
Management Practices for Reducing Greenhouse Gases from Landfills.” And it may be 
downloaded from our Web site listed on the next slide.  
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Now, my last topic, what are some of the things California is doing? These are just a few 
examples of the projects currently underway and by no means is this an exhaustive list.  
       I am the Waste Board's lead on the Climate Action Team; this group was created by 
the state Environmental Protection Agency in response to Governor Schwarzenegger’s 
Executive Order S-3-05 in 2005. In that year our team identified three strategies to use 
various waste management practices to decrease global warming and I am significantly 
involved in the first strategy which is to increase the capture of landfill methane in order 
to reduce methane emissions significantly by 2020.  
     This Landfill Methane Capture Strategy has three core components: the first is to 
install gas control systems in landfills that are currently without control systems; the 
second is to maximize landfill methane capturing systems by optimizing landfill design, 
operation, closure, and post closure practices, and the third component of the plan is to 
increase the recovery of landfill gas for use as a biomass renewable energy source in 
landfills that are now without landfill gas-to-energy [LFGTE] systems that would thus 
replace energy from non-renewable, fossil fuel functions.  
       1) Under this first strategy, the California Air Resources Board is currently 
developing a control measure that will reduce landfill methane emissions by requiring 
control systems where systems are not currently required and by developing performance 
standards for maximum capture; the Air Board hopes to achieve one million metric tons 
of carbon dioxide equivalent of emissions reductions from this measure.  
       2) Under the second component, there are several activities going on: the first is that 
our Board has retained SCS Engineers, Inc. to develop a document that will help landfill 
operators and regulators evaluate potential actions to achieve additional greenhouse gas 



emission reductions from landfills. The one [????] what are already currently occurring 
with existing landfill practices and, on this slide is the link that I promised to that 
particular guidance document.  
       The second project is the Waste Board's project to research the long term 
performance and maintenance of green material to oxidize methane coming from the 
landfill surface. This anticipates a wide spread use of biocovers on the smaller landfills 
that may not be able to meet the performance standard set by CARB. This operation 
would require fresh, green material that is chipped and then equipment to spread the 
material over the surface. So, all in all, a pretty simple project, and the study is expected 
to be completed in 2010.  
     The last one in this slide is the California Energy Commission funding a project to 
develop a solid, sound and practical detailed landfill methane emissions model and 
inventory methodology to account for variations across landfill type: specific 
characteristics, climate and oxidation covering soils, etc. They plan to collect two years 
of field data and outland [????] for the different climate regions throughout California 
using flux chambers to obtain emission factors and radial plume mapping at one landfill 
to provide additional fields of validation. Waste Management, Inc., the largest owner and 
operator of private landfills in the country, is also doing their own research on the radial 
plume mapping which they plan to share the information with the California Energy 
Commission’s project team. And then, the Los Angeles County Sanitation District has 
already written a paper on how they recommend their landfill owner [????] to determine 
their collection efficiency.  
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And, lastly, the third component, to recover landfill gas for use as a biomass renewable 
energy source, this has been increasingly hard to do in California due to our stringent air 
regulations, so projects, both demonstration and research, are focused not only on 
demonstrating the technology (such as liquefied natural gas), but also on working to find 
answers to help existing technologies comply with the air regulations. This is also what 



the California Energy Commission’s Public Interest Energy Research [known as PIER] 
program is trying to do.  
       The California Public Utilities Commission (CPUC) is also trying to go beyond that 
by extending the reach of their Assembly Bill 1969 which currently only provides 
funding for renewable technologies at water and waste water treatment facilities. They 
plan to extend their funding to all types of facilities that could produce renewable energy.  
 
Finally, a word on carbon trading markets. This is not on this slide but it is important to 
look at how landfills are being handled on the carbon trading market. The California 
Climate Action Registry (known as CCAR, pronounced See-Car) has developed their 
Landfill Project Reporting Protocol which was accepted by their board in November, 
2007. An eligible project is the installation of a landfill gas control system for capturing 
and combusting methane gas that 1) meets all performance criteria, 2) exceeds all 
regulatory requirements including local, state and federal, and 3) commences operation 
on or after January 1st, 2001. At this point it is not clear how many, if any, landfills in 
California will be able to meet all these requirements, due to the pending CARB 
regulations and the stricter AB 32 rules that will apply to all regulatory agencies, not just 
the Federal, unlike the Chicago Climate Exchange.  
       Under the Chicago Climate Exchange, entities and individuals in the agricultural, 
forestry, and waste management and renewable energy sectors can participate by 
registering offsets - emission credits earned by eligible offset projects that sequester or 
destroy greenhouse gas emissions. Eligible landfills are those not required to collect 
methane by law, (e.g., the NSPS).  Methane offset projects placed into service on or after 
January 1st, 1999 may qualify.  
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That concludes my presentation. I appreciate you listening and we’ll try to answer any 
questions that you have. Thank you.  
 
 
 
 
 



 
 
QUESTIONS AND ANSWERS FOR STEPHANIE YOUNG:  
 
Q1: Has there been any data on methane capture for alternative daily cover produced 
from yard debris?  
 
A1: Not that I know of. That might be a difficult project because ADC is put on daily and 
the next day someone comes in and they put a new layer of trash and then, another ADC. 
So, in order to study that on a daily basis might be difficult. I don’t know of any actual 
studies that target ADC; I can look into that further.  
 
Q2: You were talking about direct measurement techniques. Is there any information on 
comparing the different measurement techniques?  Does each measurement method result 
in fairly similar measurements?  
 
A2: It depends on which direct measurement. So, let’s see, because for the methane 
emissions there’s the flux chamber and there’s the optical plume mapping. Those are the 
ones that are actually being studied more now than all the others in the California Energy 
Commission [[ (INAUDIBLE) [????]  document. Some studies have shown agreement 
and some studies have shown variances of four times different. The current California 
Energy Commission study is working on this right now and Waste Management Inc. is 
also working on this problem; those studies are actually underway, but those comparisons 
are not yet available. But there are some studies already out there that do try to compare 
the two methods of measurement. Some vary very little and some vary quite a bit.   
 
Q3: There are several questions here on the multiplier for methane; you talked about this 
in slide #4. You were saying that methane's lifetime in the atmosphere is, on average, 12 
years and the IPCC looking at the 100 year lifetime says methane is worth 21 times CO2 
equivalent. The STOP TRASHING THE CLIMATE report takes a different position and 
suggests using a 20 year time frame for methane that results in methane being rated at 72 
times the CO2 equivalent, not the 21 times CO2 equivalent used at IPCC. Can you talk 
about this conflict of authorities?  
 
A3: I'm not too familiar with that report. I’ve seen in various other reports that the 
chemical lifetime of methane is between 10 and 12 years. I haven’t seen the higher one; 
that’s why I used 12 years. So, I’m sorry, I won’t be able to really give you a nice answer 
on that one.  
 
Q4: Are flaring systems able to collect and capture more methane than landfill gas-to-
energy recovery systems?  
 
A4: Well, most of the time those two systems are used in conjunction. There is a single 
gas collection system in a landfill which is the series of wells and horizontal collectors 
that are inside the waste itself. If a landfill has an energy recovery system, it still needs a 
flare to manage any overproduction of burnable gas and for times when the energy 



recovery system is down for repairs, emergencies, etc. A landfill owner/operator can 
choose to use one or the other; no landfill operator is required to have an energy recovery 
system but since it creates salable electricity, it is commonly done in California.  Because 
of the inefficiencies of the engines which burn the methane to make energy, the flare is 
actually a more complete destroyer of methane than the engines but, considering that the 
engines use a fuel that means less fossil fuel needs to be burned to make energy, it is in 
the big picture, probably better to put methane into energy recovery than into a flare. 
There’s different kind of engines and some can destroy 90 percent, some can destroy 
upwards of 95 percent but flares have higher numbers for destruction. But then, if you 
think about the big picture, since it’s an energy recovery device, it’s actually avoiding 
fossil fuel emissions by converting that methane into energy. So, while the engines may 
actually emit a little bit more, they're also doing a great climate change benefit by 
avoiding emissions at a power plant. I hope that answers your question.  
 
Q5:  Does the USEPA or the California Integrated Waste Management Board recognize a 
bio cover as reducing fugitive methane emissions from landfills? If so, does the landfill 
have to measure how much is oxidized or is there a default value given?  
 
A5: You know, that’s what we’re trying to figure out now. Because the table I showed 
you shows that there are many, many studies out there, they show that if you do certain 
things, you will get this amount of oxidation. But all the theory hasn’t been applied. So, 
that’s why the Waste Board is actually funding a study to actually look at that and to 
come up with actual applied algorithms or models that an owner/operator can use by 
plugging in certain parameters to get its actual oxidation rate from – depending on the 
material that you use, the climate that you’re in, what landfill that you’re – you know, 
what landfill situation you have and what cover materials you already have in place, we’ll 
be able to get that.  
       As for defaults right now, I know that the USEPA uses a default of 10 percent (to be 
conservative), although their studies have shown a number between 10 and 50 percent. 
More recent studies have shown greater than 50 percent, but for an actual model that 
could be applied and to show, they actually have these oxidized numbers backed up with 
data, like how you take that data, in order to put it into the model. You get defensible 
results; the Waste Board is working on this right now.  
 
Q6: Are there any examples of co-location to use methane for energy production for other 
renewable energy production like bio diesel coke [????] ?  
 
A6: There is at least one landfill out there that is attempting to convert their landfill gas to 
liquefied natural gas to be used as a vehicle fuel. The Waste Board has actually awarded 
grant projects to Gas Technology, Inc. or to (INAUDIBLE) Steel Project in connection 
Waste Management, Inc. at their Altamont Landfill in Alameda County, California to 
convert landfill gas to liquefied natural gas [LNG].  The Altamont landfill also has, in 
addition to them attempting to use LNG, they have a flare. And, they actually have 
energy recovery on site. It’s just that they're producing so much gas that they want to be 
able to use that landfill gas for some other benefit rather than for energy recovery. Thank 
you.  
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SALLY BROWN: I'll be splitting this time with Brenda Smyth, and, hopefully, there’ll 
be a very clear, very organized transition. Everybody will understand why we switch 
where we do and then we switch back. The title of our talk is Climate Change and 
Organics: Compost Issues. What I’ve done with this presentation is to try and go over the 
whole process that both Brenda and I have been a part of - trying to develop a methane 
avoidance protocol for the Chicago Climate Exchange, focused on composting. Diverting 
materials from landfills, getting methane avoidance credits and then, the associated 
potential benefits or credit with composting.  
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So, here’s the logical breakdown of the presentation. So, what happens with organics? 
We’re looking at what happens under anaerobic conditions; I’m going to be providing a 
much less sophisticated understanding of what happens in a landfill than what we just 
heard; my apologies for that. So, first we talk about the uncontrolled decomposition of 
organics in landfills, then we transition to Brenda who will talk about controlled 
anaerobic digestion (which is what happens when you specifically dedicate a digester to 
decomposing material); anaerobic means without the presence of oxygen. From there we 
go to the question of what happens if we introduce oxygen into this system, take the 
material out of the landfill, put it in an aerobic pile, like a compost pile, and look at what 
happens to organics as they decompose in a compost system. Finally what happens when 
you then take that composted material and put it into a soil system and we'll be looking at 
degradation and the factors and benefits associated with by-products of degradation in a 
range of applications.  
     By the way, before we get started, I wanted to comment on the power of methane 
question from before. The 21-times-CO2  factor for methane is based on a hundred year 
time frame. So, if you were shorten it to a 20 year time frame, which a lot of people have 
suggested because methane only persists in the atmosphere for nine to 12 years, then you 
would get a CO2 equivalence factor of 72, I believe. And, that’s where that 72 number 
comes from. Because there’s some urgency about reducing CO2 in the atmosphere as 
quickly as possible, a lot of people have targeted methane because it only persists in the 
atmosphere for a very short time. And, if you look at its global warming potential on a 
shorter time frame, it’s much more potent on a shorter time frame than over the hundred 
year time frame.   
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This slide looks at what life is like in a sanitary landfill. I was recently at a meeting where 
Jean Bogner, the first author of the IPCC chapter on waste and a consultant out of 
Chicago who knows an awful lot more than I do about landfills, and much of this is her 
information. In the IPCC documents on landfills there's a discussion about how climate 
and temperature affect the rate of degradation of materials in a landfill. The IPCC is 
writing stuff up for the world as a whole and we know that the world as a whole does not 
make sanitary landfills like we generally do in the U.S. and many other developed 
countries. So, what happens in a landfill versus what happens in an open dump in Mali 
are two different things.  
 
The important point here is that if you look in a sanitary landfill, what some of the data 
suggests is that, to a certain extent, the landfill makes its own climate. Here’s a graph 
from a study that was done at a sanitary landfill in France. There’s another study out 
looking at landfills in Germany. And, basically what you see is when you put the landfill 
into a sanitary cell, compact the material and put a cover over the material, it starts 
heating up and it will stay pretty warm for an extended period of time. In this landfill it’s 
always t-shirt weather. I don’t think anybody here wants to live in a landfill, but if you 
choose to do so, don’t pack your sweater. This chart shows the temperature in centigrade; 
what you can see is that within 20 days after depositing waste into an active cell in a 
landfill, temperature goes up to about 40 degrees C, stays generally between 35 and 40 
degrees C for the first hundred and 60 days that the material is in the landfill. There's no 
springtime in Paris when this is happening, the ambient temperature outside of the 
landfill (the bottom, dotted line, in the beginning is under 10 C and only after about a 
hundred days does it get over about 20 degrees C. So, it’s much warmer in the landfill 
than it is outside, summertime in the landfill.  
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Not only is it hot, it’s hard to breathe. How quickly does oxygen get depleted? Look at 
this graph from the same study. Oxygen is the dark solid line at the bottom with the 
diamonds; it starts at 21% (which is oxygen’s concentration in the atmosphere) but then 
there's a precipitous drop in oxygen concentrations and by the time you're at five days, 
the oxygen is way down and stays pretty low and then drops even further to about zero at 
day 100.  
Now look at the methane, the dark dotted line in the middle; Starting at day 20, you have 
some measurement of methane, none before. When the cover goes on (that’s the vertical 
line about 53 days out), it’s in the middle of an increase, and that increase starts topping 
out at day 100 and stays pretty stable from there.  
       So, hot and hard to breathe, now, how wet is it? Depending on where you are, 
standing in that landfill, hopefully you haven’t been overly compacted in the landfill, it’s 
wet. It’s not as wet as you would ideally like for anaerobic decomposition. But, it’s a 
moisture that varies. So, if you’re standing in the middle of those banana peels that are 
squished, it’s very wet. By those crushed newspapers, you’re a little drier. And, you can 
see the moisture percentage in the landfill is 160 to 310 grams of water per kilogram of 
space, oh, that's not on the slide.  Anyhow, it’s certainly wetter than you’re going to find 
in Tucson.  
 
SLIDE 28:   



 
 
OK. Now, when you have these damp and wet conditions, these are great conditions for 
certain things to decompose and not very good conditions for other things to decompose. 
A lot of the studies that you see in the graph that we saw earlier on decomposition, focus 
on cellulose and handy cellulose. These are compounds common in paper. And, here you 
see a pizza box.  Where I live, this is our food waste; the yard waste and food waste go 
out in a joint collection bin. This is an actual slice of recycled materials going to compost 
in the Seattle area. In the food waste you’re not going to find a high cellulose component; 
you’re going to find more carbohydrates and more sugars. It's all those potatoes and 
French fries that you didn’t eat: fats, oils and grease. You’re also going to find chemical 
compounds that are more readily degradable. You’ll also find a high moisture content and 
a high nutrient content in your food scraps. Paper will be too dry and too high in carbon 
to decompose very quickly on its own.  
       In working in our Chicago Climate Exchange group, first of all we looked at what 
it’s like inside a landfill and then we looked at how do individual things behave within 
the landfill. The USEPA gives you a degradation rate for waste as whole. Within the 
IPCC literature you see different decay rate constants for different components of solid 
waste. What we have focused on within the CCX subgroup was different decay rates and 
the material that’s highly putrescible that’s going to start bringing the oxygen down right 
away, things like municipal biowastes, certain components of yard trimmings, yard waste 
and food scraps. These were identified and everybody agreed that these were all materials 
that would degrade very quickly on their own. 
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When you have an anaerobic decomposition, we talked – we heard earlier about menting 
(ph) formations. But what can also happen when you have anaerobic decomposition and, 
here it’s more when there’s very, very limited oxygen, not completely absent of oxygen 
but, very limited oxygen. Also, realize that conditions in landfills are often assumed to be 
pretty uniform. But, you’re going to be fairly (INAUDIBLE) if you didn’t have hotter 
spots. These hot spots will migrate. Wear spots, there’ll be preferential areas. The flow of 
moisture. You’re going to have zones with some oxygen and zones with no oxygen. So, 
don’t think about a landfill as this monolithic space of anaerobic conditions. Think of it 
as an area with some variation.  
 
With all the oxygen gone and going, we have a lot of plain old nitrogen. There is a strong 
potential for that organic nitrogen to eventually de-nitrify, turn back to nitrogen gas and, 
if this dis-reacts (ph) and doesn’t happen with 100 percent efficiency, you get a formation 
of nitrous oxide. Nitrous oxide is something that you can form when you have high 
nitrogen-containing material with a lot of carbon in there for the microbes to eat. The 
reason that this is a big deal is because nitrous oxide is close to 300 times as potent as 
CO2 as a greenhouse gas and it can come out of landfills where anaerobic conditions 
exist. So, these are the two gases that we’re concerned about both in a landfill as well as 
in a compost pile.   
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When you remove the putrescible materials that we’ve talked about, and once we set the 
stage for what life is like in landfill, you have the potential to generate greenhouse gas 
credits. By taking steps that will make methane and here we’re only dealing with 
methane although nitrous oxide might be a factor. When you’re taking things out of the 
landfill, can you get credits for taking them out and having them decompose aerobically? 
And, here on the CCX subcommittee we use this as basis how many credits you would 
get. It’s a very long and ugly looking equation which is from a clean development 
mechanism protocol. Clean development mechanism is the UN arm that works with the 
IPCC to develop protocols for specific project activities to get people credits. So, even 
though this a very long and ugly equation, what you can do is ignore a lot of these initials 
and sigmas and, even E bases and, focus on S, that first S is – which is stands for the 
methane collection efficiency in a landfill. And then, the second that we dealt with in the 
group was the K. That first order decay constant. How fast is the rotting stuff going to go 
away?   
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This is my own understanding of gas collection efficiency at a landfill, and this is what a 
large number of people within the CCX group had agreed on. As you probably know, the 
USEPA has a default value of 75 percent, but that’s an average value over the life of a 
landfill. IPCC has a 40 or 50 percent value as their default value over the life of the 
landfill. In my opinion, the actual efficiency is most likely zero. Remember, for the 
majority of landfills in the U.S., there is no gas collection system immediately in place as 
waste is being deposited into a cell; the USEPA regs specify that a two to five year period 
may elapse after waste begins to be deposited in a landfill until the time when a gas 
collection system has to be in place. So, what we agreed as a group was that before you 
have a gas collection system, there will be zero gas collection efficiency. You may think 
that that sounds pretty obvious, but let me tell you, we had several hours of discussion on 
these conference calls about this. And, this was a major consensus and victory that we all 
agreed: if you’re not collecting gas, you’re collecting it at zero efficiency.  
       The next point is that when you’re accepting waste materials into the landfill and 
have a collection system in place, how efficient is it then? This is the period of time to the 
right of the first vertical red bar. We had limited consensus in the CCX group but, 
depending on who you talked to in the group, and there’s a number of papers in the 
literature that suggest that efficiency while the landfill is still accepting materials 
[between the two vertical red lines], even if there is gas collection in place, collection 
efficiency is closer to the IPCC value of 40-50 than the USEPA default of 75. In the third 
stage, after the landfill is closed, there’s also evidence that once you get to a closed 
landfill, the gas collection efficiency comes to be just about on par with the methane 
generation rate. In summary then, rather than looking at it as a 75 percent or a single 
number over the lifetime of a landfill, think of it in stages.  
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For us as a group in the CCX, we focus on that first stage: no collection, zero efficiency. 
This is our conclusion after months and months of discussion. I should say that the CCX 
subcommittee that was working on this had a lot of people from government, there were 
representatives from the private waste collection industry and also members of the offset 
committee on the CCX, so it was a pretty wide ranging group. And because it was as 
wide ranging as it was, we very often had some disagreements. But we have reached 
consensus to focus on the gas period of no collection where efficiency is zero.  
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Then we get to the order of decay concepts; Brenda has a talk about this. USEPA has a 
single K value for all of MSW. There was recently a meeting where people that were 
responsible for the EPA WARM model had called in a range of scientists to talk about 



whether this 75% K value was appropriate and whether a lot of assumptions on the 
organics component of the WARM model were appropriate.  
       One of the things that came up was that it might be time for individual K values. The 
IPCC already has individual K values, and what they do is they vary it by the climate of 
where the landfill is located. However, as we talked about earlier, our sanitary landfills 
make their own weather. And so, here, if you use the un-PC default value, you’re going 
to go for that hot, tropical landfill with pretty high moisture because that’s what it’s like 
in a sanitary fill. And, their K value for that is 0.231. Within our group there was a lot of 
pressure to go with a higher K value. And, we were talking about things like one to 1.4 
which make degradation of food wastes within about a year after deposition into a cell. 
The lovely picture you see here is of my own home food waste bin; after a week you can 
see that a pretty high amount of decomposition has taken place. I live in Seattle and this 
was not taken in the summertime. So, food waste is something that will degrade fairly 
quickly. I think our consensus here, as a group, was to go with the more conservative 
IPCC value, but we’re going to get a final draft of the protocol in the next few weeks.   
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This graph shows how much methane will come out of a gram of food waste in four 
years; this material will create four grams of CO2 spread out over four years and the 
numbers at the bottom of the chart are the four different years. By the fourth year there's 
not much left, and most of the methane is made in the first year, often before the gas 
collection system has reached that portion of the landfill.  
 
This is food waste, which is going to be your most quickly degraded material with bio-
cellulose next and yard waste after that. You can see that most of the gas comes out fairly 
quickly from these materials. Now Brenda Smyth will discuss organics decomposing in a 
different environment.   
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Good afternoon; I’m Brenda Smyth and I’m going to cover the topic of anaerobic 
digestion which I will refer to as AD throughout my presentation. AD is a biological 
process typically employed in many waste water treatment facilities but it also is the 
principal process occurring in landfills, as Sally just mentioned. Large animal farms use 
AD primarily for manure lagoons with capture of methane for energy production. 
Internationally, AD has been used for decades primarily in rural areas for the production 
of biogas for use as cooking and lighting fuel, and many household-scale digesters are 
employed in rural China and India. More recently Europe has developed large-scale 
centralized systems for municipal solid waste treatment with electricity generation as a 
co-product. Some of the points I will be covering on AD include a discussion of the 
benefits, the different types of technologies, and policy issues. Then I’ll go over the 
facilities in California and the projects and activities that we are undertaking here at the 
Waste Board. And finally, I will link AD to climate change, protocols, and carbon 
offsets, and then kick this presentation back to Sally for the final wrap-up.  
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The biodegradation of organic material occurs in nature principally through the action of 
aerobic microorganisms. Ultimately complete oxidation of the carbon-based organic 
material results in the production of carbon dioxide and water. Anaerobic 
microorganisms degrade the organic matter in the absence of oxygen with ultimate 
products being CO2 and methane. Lignin and lignin-encased biomass, such as woody 
material, degrades very slowly and therefore is not a good feedstock for AD. Anaerobic 
microorganisms occur naturally in low-oxygen environments: marshes, sediments, 
wetlands,  in the digestive tract of ruminant animals and certain species of insects and 
also, finally, in landfills. The four biological-chemical stages of anaerobic digestion are 
hydrolysis, acidogenesis, acetogenesis, and finally, methanogenesis. In the first step, 
hydrolysis produces sugars and amino acids that are then converted to organic acids, 
which are converted to acetic acids and finally, with the methanogenic bacteria, the acids 
are converted are converted to methane and CO2. In operating AD facilities, there’s a 
need to carefully control 1) the digestion temperature 2) the pH and 3) the loading rates 
for successful reactions and the breakdown of organic materials.  
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In large AD processors (at the right on this slide), the inputs are various organic materials 
and the outputs are biogas (what we call digester ethylene) and digestate. The biogas can 
be used to produce energy in the form of methane and hydrogen, which in turn can be 
converted into liquefied natural gas and compressed natural gas or electricity. These 
energy sources can be used as fuel in the agricultural sector, the digestate is the solid 
residue from AD that can be used as a feedstock to produce a compost which then be 
applied as a soil amendment or as a fertilizer on farmland. The feedstock for this process 
can be agwaste or biomass.  
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Anaerobic digestion by definition involves using an enclosed covered system for 
accelerating decomposition of organic materials for the dual purposes of biogas 
production and waste volume reduction. Because the system is closed and emissions are 
captured to create various energy products, the use of AD technology by default creates a 
net decrease in GHG emissions, primarily by reducing the amount of methane produced 
and released in conventional landfills if that’s the baseline management option. AD 
technology creates an additional GHG benefit if the organic residual, or the digestate, is 
used as a feedstock for composting and then used as a soil amendment in fertilizer. In 
addition, most closed systems also obviate other potential environmental problems, 
including (INAUDIBLE) groundwater contamination, nutrient loading, and runoff 
(INAUDIBLE) and other problems (INAUDIBLE) organic compounds and other issues.  
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Different classes of AD systems exist. They can vary widely depending on siting 
requirements, input and output products, and uses. However, the context : psychrophilic, 
mesophilic, and thermophilic. Psychrophilic is a bacteria that thrives in cold conditions 



around 40 to 68 degrees Fahrenheit. Mesophilic is the moderate temperature between 
about 77 and 104 degrees Fahrenheit, and thermophilic is relatively high, from 113 to 176 
degrees Fahrenheit. Typically AD processes use either a mesophilic or a thermophilic 
process. AD processes are also distinguished by the processing equipment design. 
Bioreactors have various stages of processing that makes them unique, and we’ll talk 
about some of the various designs in the next slide. And of course the feedstock will 
dictate the bioreactor design, depending on whether it’s predominantly liquid as in waste 
water or solid as in solid waste.  
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This slide lists some examples of AD technologies that are used in wastewater treatment 
plants. Covered lagoons are also used for dairy; mixed digester and plug flow digesters 
are used for wastewater treatment. The Upflow Anaerobic Sludge Blanket Reactor 
[UASB] is one that some of you may have heard of. The anaerobic sequencing batch 
reactor is actually used by food processors.  
 
SLIDE 41:  
 



 
 
These are additional types of AD technologies that use solid waste for inputs to create 
biogas; five are known by the company that creates the process and machinery: Waasa, 
Dranco, Valorga, BTA, and Kompogas. Dranco and Valorga are single-stage processes. 
BTA is a xxxxxxx process. The anaerobic phased solids digester [APS] is the UC Davis 
process and the Waste Board has a project featuring that which I’ll talk about it a little bit 
later.  
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This slide shows biogas production as it occurs at dairy AD facilities; these are six 
different facilities as indicated by the legend on the right. The left axis corresponds to the 
curves that have a peak on the left side of the chart and the horizontal axis goes to the 20-
day mark when the digestion process is completed. And on the right axis, this is marks 
biogas per gram of volatile solids. This is a cumulative yield over the entire digestion 
cycle and corresponds to the curves that reach their max on the right-hand side of the 
chart. Notice that most of the gas is produced within the first seven to 10 days, and then 
also notice how consistent the curves are between six different facilities in six different 
states.  
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This slide has a perspective on who will be impacted if we expand AD.  
     1. Landfill operators would be impacted. More diversion of organic materials would 
reduce disposal volumes and potential gross tipping fees. Incentive to encourage more 
diversion of organic materials to AD, for instance, would have to include an increase in 
landfill tipping fees. As a result, landfill operators might experience a net decline in fees 
from reduced volume. They might make up some of these losses through an increase in 
tip fee per unit of disposal.  
     2. As to composters, increased AD activity could potentially mean less feed stocks for 
composters. Diminished feedstocks for composters could lead to price increases since 
higher input costs would likely be passed on to end users. One way to mitigate for 
competition among feedstocks between the two industries is to actively seek post-MRF, 
or material recovery facility, organic waste for AD, feedstocks that would likely be too 
contaminated for composting. 
      3. Publicly-owned waste water treatment plants [POTW] create biosolids; increasing 
the use of AD-ready materials at POTWs digesters would reduce energy cost by using 
onsite produced methane to power plants. In addition, digesters could mitigate some of 
the problems that POTWs are experiencing and finding markets for biosolids since many 
California jurisdictions have implemented or are considering land use standards for class 
B biosolids.  
     4. For agriculture and livestock operators, AD creates an on site disposal solution that 
could produce power and reduce numerous extra difficulties, including nitrate loading, 



fugitive methane emissions, ground water leaching, odor control issues, and other things 
like that.  
     5. With a competition between the processes, as mentioned above, the demand for 
post-MRF organic residuals may increase, so MRFs may need to expand capacity and 
segregate organic residues from other recyclables.  
     6. And then any institutions that regularly dispose of organic materials, such as 
restaurants, schools, prisons, may actually realize a net cost savings from increasing 
disposal costs and landfill tipping fees. Additionally, local energy production could serve 
two further subsidized diversion programs, depending on how incentive programs are 
structured or implemented.  
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Now let’s talk about AD specifically in California. Despite advances in organic waste 
diversion, AD ventures have not yet materialized in California. Prior to 2002, there were 
fewer than five dairy digesters. Ten digesters have been built in California dairy since 
2002 as part of the California Energy Commission’s Dairy Power Production program, 
and an additional nine were permitted in 2006. At least five California food processors 
(ph) have AD facilities for treating waste water. The operating costs for AD are higher 
than for composting and landfilling. The low tipping fees in California and relatively low 
energy prices compared to those in Europe make it difficult for AD and other conversion 
technologies to be cost-competitive. However, as we all know, the rise in domestic costs 
is changing those economics.  
 
Most of the AD facilities in California are utilized by the sludge and waste water 
treatment plants. There are approximately 137 waste water treatment plants using this 



technology, and they have an estimated excess capacity of approximately 15 to 30 
percent. A few of these facilities supplement their operations with other xxxx of organic 
waste. The UC Davis biogas energy demonstration plant, which is a waste water project, 
is the only stand-alone facility constructed for acceptance of only organic waste.  
     I’ve also featured three examples here in this slide. One is the Inland Empire Utilities 
Agency, located in San Bernardino, that uses AD at its waste water treatment plant for 
the sludge but also supplements its feed stock with approximately 300 tons of dairy 
manure and 90 tons of food waste each day. A second example is a waste water 
pretreatment facility in Fresno that was designed for use in the processing and cleaning of 
figs; the valley fig growers process approximately 8,500 tons of figs and raisins annually 
which in turn generates about 40,000 gallons of process water wasted every day. Lastly, 
the East Bay Municipal Utility District’s main waste water treatment plant in Oakland 
could digest sludge and food waste. A recent study completed in March of this year 
determined that with a hundred tons of food waste each day, the facility could provide 
sufficient power for an estimated 800 to 1,400 homes for one year.  
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So, how can we increase AD in California?  
     1. Regulatory changes - in order for AD of municipal solid waste to become a more 
viable option in California, regulatory agencies need a streamlined permitting process 
specific to AD facilities. Since there are solid and liquid waste and energy issues, AD 
could require different permits in different situations or even multiple permits.  
     2. Energy market penetration – AD can typically produce much more electricity than 
the AD facility needs; in order to be financially viable, AD operators need to have access 
to electricity markets and reasonable prices. California has had difficulty encouraging 
grid operators to upgrade the grid to allow renewable energy producers to connect. And 
in many cases, the prices offered are too low to make a project financially feasible. Also 
federal tax credits for renewable electricity are being phased out. Providing financial 
incentives is probably the most effective method of encouraging the development of AD.  



     3. Tipping fees – in order for AD facilities to compete with landfills for the organic 
fraction of municipal solid waste, tipping price fee structures will need to be raised to 
make AD cost competitive (We’ve already talked about the low landfill tipping fees in 
California).  
     4. Carbon credits - Digesters have the ability to reduce greenhouse gas emissions. A 
mature market for carbon could result in carbon credits for AD systems, making AD 
more cost competitive than other organic waste material options such as landfilling.  
     5. And finally, waste management programs; the California Energy Commission’s 
dairy power production program that we talked about in slide 44 has been very successful 
at promoting AD in the agricultural sector in California. Similar technical and price 
support programs could be used to help establish AD for MSW as a viable alternative to 
current organic waste disposal methods.  
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This slide features some of the projects that our CIWMB is working on related to AD. In 
the research development and demonstration area, we have a couple of projects. One is 
the UC Davis anaerobic digester pilot project that has a processing capacity of five to 
eight tons per day, not large but big enough. We awarded them a $125,000 contract and 
they are conducting trials with post-MRF residuals. From this project we have a draft 
document which should be published very soon and posted on our Web site that’s 
entitled, “Current Anaerobic Digestion Technologies Used for Treatment of Municipal 
Organic Solid Waste;” this publication looks at all the different AD technologies and 
evaluates their potential for processing MSW.  [Editor’s note: This was published with a 
date of March, 2008; Publication #IWMB-2008-011.]  A second product from this project 



is the test results from post-MRF trials that we anticipate in August. Another project that 
we have is the Yolo County Landfill Bioreactor Project, which is actually anaerobic 
digestion within the landfill but separate from it. This is a $200,000 contract where 200 
tons of source-separated organics were placed in a landfill-type cell in an anaerobic 
composting environment a year ago (June 2007). The materials are under an accelerated 
biogas production schedule; it’s under anaerobic conditions now but they’ll switch over 
to aerobic conditions this month. Then in August 2008, they will excavate the cell where 
they will finish composting aerobically and do quality testing on the material.  
     We are also producing regulatory guidance documents. The Waste Board has a 
conversion technology guidance document developed in December of last year which 
features anaerobic digestion; it's available on our Web site. We are also involved in 
participation of the Multi-Agency effort which created a guidance document being 
produced by CalEPA; this document brings to the table many of the regulatory agencies, 
including our Board, the Water Board, the Air Board and others. This multi-agency 
guidance document is looking at permitting issues for AD, and Joy Luther from the 
Compliance Section is our Waste Board rep this multi-agency team.  
     Lastly, we are also involved in a lot of planning and outreach activities. We’ve been a 
member of the California Biomass Collaborative for four years now, and this 
collaborative works to enhance sustainable management and development of biomass for 
the production of renewable energy, biofuels, and products. I’ve also listed a few Web 
sites where you might find matters of interest and more information.  
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This slide summarizes that greenhouse gas emissions are reduced through AD in three 
ways. 1) Methane emissions are reduced by diverting organic materials from landfills to 
digesters which are fully enclosed in a closed loop system. 2) Energy can be produced 
through methane and hydrogen production and their end use which, of course, reduces 
GHG emissions and also offsets traditional fossil fuel production. Finally, 3) the use of 



the digestate to make compost results in additional GHG emission reductions through 
beneficial offsets in the agricultural arena.  
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Now we look at climate exchanges. The Chicago Climate Exchange [CCX] is North 
America’s major system to reduce emissions of GHGs with offset projects worldwide. 
The CCX numbers in the end will be xxxx reduction targets a minimum of one percent 
per year for a channel reduction of four percent below their baseline for phase one, and 
then six percent below baseline by 2010 for phase two. Those who reduce their emissions 
below their target gain allowances to sell or bank, those who remit numbers above their 
targets can comply by purchasing CCX carbon financial instruments (known as CFI 
contracts, the commodity that’s traded on the CCX). Each CFI represents a hundred 
metric tons of CO2 equivalent. And CCX has also developed standardized xxxxx issuing 
CFI contracts through project types including agricultural methane, xxxxxx methane, 
agricultural soil carbon, renewable energy, and there are others, as well.  
     The California Climate Action Registry, CCAR, was established by the California 
State Legislature as a voluntary greenhouse gas registry that promulgates GHG reporting 
standards for organizations to measure, report, verify, and reduce their GHG emissions in 
California and also in the United States. The State of California has worked closely with 
CCAR to develop its reporting and verification guidance, including both a general 
reporting protocol, a verification protocol, and also industry-specific reporting protocols 
based on the principals of relevance, completeness, consistency, accuracy, and 
transparency. CCAR's industry-specific protocols include forest protocols, power utility 
protocols, (INAUDIBLE) protocols, and their project-specific protocols include forest, 



landfills, and livestock. And the protocols that are in progress include local government 
operations and others.  
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There are also now specific AD protocols being developed.  
       The CCX agricultural methane gas project guidelines is a baseline calculation that 
requires a project based on manure management (INAUDIBLE) be defined as liquid or 
slurry, deep pit or anaerobic lagoon. And then exchange methane offsets will be issued to 
owners of GHG emission reductions achieved by agricultural methane collection and 
combustion systems placed into operation on or after January 1, 1999.  
     One of the protocols we talked about for CCAR was the livestock project reporting 
protocol and livestock project verification protocol, and it’s associated with installing a 
manure biogas controlled system for livestock operations such as dairy cattle and swine 
farms. This protocol is available for public use, and it’s applicable in California and 
nationwide. Project developers that install manure biogas capturing combustion 
technologies will use this protocol to register GHG reductions with the registry. These 
protocols were adopted in June of 2007, however they’ll currently be under comment. 
They’ve been updated, and the CCAR is accepting comments on this protocol up until 
July 25, and you can send that to the registry.  
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I wanted to feature a California project that is selling carbon offsets, and that’s Joseph 
Gallo Farms in Merced County; they operate a methane digester system using their own 
waste that generates power for their own operations. The digester is a seven-acre 
anaerobic covered lagoon which generates biogas. The gas is scrubbed and then piped to 
two power generators. One is 300-kilowatt hours and the other is 400, and the power 
generated by these two large generators is used to provide electricity for the Joseph Gallo 
Farms' cheese plant. The heat captured from the generators and exhaust is used to heat 
water for cheese plant usage, offsetting some of the need for propane to heat boilers. As 
much as 80 percent of the power required to operate the cheese plant is supplied by this 
system.  
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If you need to contact me, here's my particulars, and now back to Sally for the wrap-up.  



 
 
 
 
End of Day 2, Part 1.  



Day 2, Part 2: Brown2+Q&A+Liss 
 
 
 
SALLY BROWN: Now we want to talk about aerobic composting and some of the issues 
created by the emissions from the large-scale facilities where this activity can take place. 
When you do anaerobic decomposition in a digester, you still get solid stuff at the end, 
we call that digestate. That stuff can get into surface water or groundwaters but is 
material that’s pretty high in nutrients and can be composted. So, whether you divert the 
material from the landfill and go directly to composting, or if you take it to controlled 
anaerobic digestion, you can still at the end have a material that gets composted. And 
composting is an aerobic process.  
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Here’s a compost facility and a windrow turner doing a turn on a compost pile. This is 
controlled aerobic decomposition. I assume many of you are relatively familiar with this 
type of equipment and processing.  
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There are different parts of the composting process are not always look at but since 
composting in and of itself makes such wonderful stuff that everybody knows is so great 
that compost has to be a fabulous thing for greenhouse gasses, as well. But, in fact, the 
composting process itself can be a source of greenhouse gas emission. So, you have to 
realize that compost can have some fugitive emissions and almost always does have some 
fugitive emissions associated with it. If you do composting on anything other than a 
backyard scale, you’re going to use heavy equipment that is needed both to transport the 
stuff to the facility as well as to manage the materials during the composting process. 
Every time you use equipment, you use fuel, and if you use fuel, you get greenhouse gas 
emissions. Realize that getting stuff to the landfill also requires some fuel, but what we 
decided in the protocol was to discount transport in most cases because whether you 
transport to a compost site or transport to a landfill site doesn't really matter. However, 
when you use equipment at the compost facility, you can start quantifying how much fuel 
you used to take care of a pile.  
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Now, we have two sample sites that we’re looking at here for values. One was done by 
the recycled organics program at the University of New South Wales in Australia and the 
other done by USEPA. Both looked at windrow facilities. And they both came up with 
pretty much the same answer. Five to six kilograms of fuel for a windrow facility per wet 
ton of material and that comes out to about 20 kilograms of CO2, 44 pounds of CO2 
equivalents per ton of finished product, so not a lot of emissions here in the grand scheme 
of things.  
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In our CCX protocol, we came up with default factors. We went beyond the windrow. 
We went to the aerated static pile, we went to mechanical systems. There’s a range of 
different compost systems, windrow being the most common and also the least energy 
intensive. So, the more energy, the fancier your system, the more energy it will use. And 
here are some estimates. A lot of cases you’ll use electricity and you’ll have to do the 
site-specific conversion where your compost facility is located, where the electricity 
comes from to get a conversion of the greenhouse gas equivalent. So, what we did in the 
protocol was do average electricity uses for different kinds of systems. Before I leave this 
slide, I should add that if your composting material that has been diverted from a landfill 
as one of the highly desirable materials, all these emissions that I’m going to go over here 
from the composting process are going to be minimal in comparison to the methane 
avoidance emissions that you get from diversion. They will count, but they will be 
minimal.  
     At the bottom of the slide is a stylized version of the aerated static pile method for 
composting; we consider this a mechanical system. A pump here sucks air into the 
compostable material and blows it out through a biofilter where microbes will eat 
whatever methane and other smelly gases were created in any anaerobic pockets in the 
pile.   
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People can be very concerned about the fugitive emissions of greenhouse gases during 
composting, but just think of the magnitude change. If you're taking stuff from an aerobic 
pile rather than from a landfill where it was made to be anaerobic, an attempt was made 
to make this an aerobic type of decomposition. My first point: A compost pile is 
supposed to be as aerobic as possible to reduce odors and to accelerate formation of 
compost. You can realize though, I think, that however much methane is emitted from a 
compost pile, it's going to be much smaller than what's emitted from an anaerobic 
facility. Stuff does come out of an aerobic compost pile and you folks can read the slides 
so I don't have to go through that. But you can also manage your compost facility to 
minimize formation of fugitive greenhouse gases.  
 
SLIDE 57:  

 
 



I love this slide because it's an illustration from a 2001 research paper.  The horizontal 
scale is the days that the material has been on the property; the vertical axis is how many 
inches that the material that is being assessed is below the surface. At the right hand end 
of the chart is the shaded boxes that show how densely the gas is present. The upper chart 
deals with methane and is measured in concentrations (as a percent of total gas) that is 
methane. The methane is shown in the upper chart by the dark spaces at the very bottom 
of the pile. When you get to the bottom of the pile, that's where you're most likely going 
to find the methane because that's where the anaerobic conditions are most likely to exist.  
The top portion of pile is going to be your more aerated portion, and there's some 
evidence that suggests that your top portion of your pile will oxidize any methane that 
tries to migrate through the pile.  
     The bottom chart is the nitrous oxide chart, it's important to notice that the 
measurement here is not in percentages but in parts per billion, a much smaller unit.  For 
our purposes, the important thing to notice is that the nitrous oxide is in the middle of the 
pile, not at the bottom like the methane. Why is this? We're not sure; that's why science 
tries to figure things out. So, don't get upset by the dark colors, but realize it's in the 
middle of the pile, the portion that's going to be low in oxygen but not necessarily 
absolutely no oxygen.  
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The main thing here is air; if you have sufficient air to maintain the pile in the vast 
majority of its parts and sections as an aerobic compost pile, the chance of getting 
fugitive methane emissions is going to decrease enormously. So as the aeration in the pile 
goes up, your greenhouse gas potential goes down. While this is very easy to say, and if 
you want to qualify for credits here, you'd want to do this but what kind of monitoring do 
you have do?  California has already made these requirements. If you require that 
compost facilities meet the USEPA time and temperature requirements for pathogen 
destruction, which is routinely required for all biosolids composting facilities, and in 
many states is required for food composting facilities, and in California is required for all 
aerobic composting facilities, that 55 degrees centigrade, three days for each of five turns 
in a static pile. Those are the time and temperature regs. If you maintain aerobic 
conditions in a static pile, you will reduce your methane to almost nothing, and it will 
also prevent odors from forming and it'll give you pathogen free material.  It's a win-win 



all around and that's what the climate action group has decided to do as an easy adoption 
measure, a simple thing to require.  
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A little more here on fugitive emissions. I think there's one thing we've learned. You may 
think you need to add water to the pile but if the mixture is wet enough for the microbes 
to decompose the organic material, then there's a very good chance that the site is dry 
enough so that you really don't have to worry about methane release. What we specify in 
the protocol is that in cases where supplemental water is added to maintain sufficient 
moisture, you can discount the potential for methane or nitrous oxide to be released.  
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If you have a biofilter serving as an odor control system, this will likely oxidize the 
methane. Here's a nice smelly fish; you can mess with that pike when it rots. With proper 
controls, and these are all going to be specified in the protocol, we have straightforward 
good practices for composting.  
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Now let's look at carbon to nitrogen ratios. This is not in the protocol, but this is a really 
nice tool. If you have too much nitrogen, you're going to have a higher chance for nitrous 
oxide formation. This graph is from a study with biosolids only added to soil at a very 
high rate and the end ratio increased and nitrous oxide production goes way down. The 
same will be true in a compost pile. So, don't try to compost pure manure, don't try to 
compost pure biosolids; you have to keep the pile high in carbon to avoid nitrous oxide 
emissions.  
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Let’s look at moisture content: here's a study that shows two different C to N ratios as 
well as two different dry matter concentrations. Once you reduce that moisture content 
and you increase that C to N ratio a little bit, you eliminate the methane and the nitrous 
oxide. The CCX protocol has a moisture content clause in the CCX protocol; it’s in light 
blue at the bottom of the slide - again, good operating practice. In the protocol we give 
that you will follow the USEPA standards for time and temperature; if you have certain 
best management practices in place, you can avoid any fugitive emissions.  
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And if none of those apply, we have default values to give you some deductions from 
your credit for fugitive release of methane and fugitive release of nitrogen. These both 
are in line with the IPCC recommended value. And again, if you take a material out of 
landfill that we've identified in this protocol, these are going to be minimal in comparison 
to the credits you would get for methane avoidance.  
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Now let's look at the uses of compost. In the first session there were some references to 
errors in the way that the USEPA's WARM model gave emission reduction credits for 
composting. What they modeled was using compost in field corn at relatively low 
application rates and they only considered the carbon sequestration potential. The 
analysis work done in New South Wales is much more sophisticated modeling using 
compost as mulch on grapes or on cotton directly incorporated into the soil. And they 
considered a much wider range of potential benefits. Realize that these potential benefits, 
(and they can be very significant), are being evaluated in the life cycle analysis on 
organics that the California Waste Management Board is looking at. There will be 
benefits that may not have great greenhouse gas implications but have a lot of benefits for 
soil sustainability, agricultural sustainability.  
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This bar graph looks at how the use of other resources can be reduced when a vineyard 
uses compost. This vineyard saw water savings of about 15 percent, which came out to a 
million liters of water per year (that's a whole lot of showers). They also saw big time 
fertilizer savings, close to 50 percent for nitrogen and phosphorus, just about complete 
elimination of herbicide use, a great reduction in erosion, and a yield increase of over 
25%.  Major benefits. 
 
SLIDE 66:  

 
 
This is a picture slide. With that California Waste Management Board study, I'm doing a 
piece of this with Matt Cotton. And in fact, he and I just went on a compost road trip, like 
it was with Dean Martin and Jerry Lewis on the road to – anyway, it was Sally Brown 
and Matt Cotton and we weren't nearly as funny as the other movie. What we did was, we 
sampled a range of farms from the Palm Springs area up north to the Monterey area using 
composted sites versus non-composted sites. And here I am sampling in an almond 
orchard. Now you can see me getting the soil cores and these are currently being 
analyzed in the lab in California.  
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We sampled a range of crops that can be divided into two big categories—orchard row 
crops where compost was applied right under the tree or the vine, and then row crops 
where the stuff was applied to the field as a whole, in both tilled and no-till systems. And 
what we found was a lot of the growers that are using a lot of compost are organic 
growers and they're getting a vast majority of their fertilizers from the compost and 
they're using it for many things.  
       Fruit quality is one the biggest reasons that people are using compost. You should 
also know that we're doing a similar thing in Washington state, and there's some of the 
co-investigators at the bottom of your slide.  
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Here you can see what we're doing. We're looking at the water infiltration rate, you can 
see that length of pipe that's going to water holding capacity, that blue tee there is for 
measuring bulk density. We also took individual cores and composited them for soil 
chemical analysis. So we're looking at a pretty broad range of interests here; soil 
microbial biological function is another thing that we're looking at.  
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Here is what ten years of composting can do and you saw this again and again; you get 
that organic matter accumulation. You can see that black top portion of the soil there, 
that's from the compost addition. How much is being retained in the soil, how much 
increase in seed do we get, this is one of the things we'll be measuring.  
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Now look at this poor guy, Frank, in our soil control labs; he has his hands full. This is all 
the samples that Matt and I collected; we have one set and we have started to get results 
from this - that'll be on the next slide.  
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Bulk density is a measure of how heavy a soil is, and you want your soil to be light and 
fluffy. If any of you have gardens, you know that heavy soil is not good for getting water 
into it, it's not good for plants to get their roots into it, so you want a bulk density to be 
lower. At a farm in Indio, California, they grow organic lemons and grapes, what we see 
is about an 80 percent reduction in bulk density with compost use. So this is the first 
inkling of results and this bulk density we saw pretty consistently through all the orchard 
soils that we sampled. I haven't done the stats on that, but so far, the first results are 
looking very nice.   
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In talking to growers, I've already said what we heard again and again, growers that grow 
for Sunkist, growers that grow avocados, growers that grow vine grapes, quality fruit, 
quality is the way that they compete (not just yield), and what they see with compost is a 
big increase in produce quality, less fertilizer, more erosion control, and large water 
savings. One of the guys that we sampled, he wasn't an organic grower but he was a 
conventional grower, but he'd been using compost religiously. At one point, he stopped 
for two years, and he said when he stopped using the compost, the vines just crashed and 
he went right back on. He was religious enough about this that when he couldn't buy 
compost early on, he was making his own. Now he's happily buying from a number of 
sources, he's in the central valley.  
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So when you're talking about this process, right now the credits for the compost are only 
for methane avoidance, for landfill diversion. And this is for limited feedstocks: 
foodstocks, biosolids and yard waste material. There are process emissions but these are 
minimal and there are factors in the protocol to control these and there are benefits. The 
benefits are not quantified in the protocol. The benefits in terms of greenhouse gases are 
small in comparison to methane avoidance. We're working both in California and in 
Washington to start quantifying the benefits and we are not the only ones doing this.  
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And that's it.  
 
 
PART 4: QUESTIONS AND ANSWERS FOR SALLY BROWN AND 
BRENDA SMYTH:  
 
Q1: This is for Brenda; is anaerobic digestion being evaluated as part of the Integrated 
Waste Management Board's organic life cycle analysis? And if so, can you speak about 
that for a minute?  
 



A1. BRENDA SMYTH: Yes it is, and actually it's a good question for both me and Sally 
because Sally is on our life cycle analysis of organics project team. And it is one of the 
organics managements options (INAUDIBLE) that's being considered. The project 
(INAUDIBLE) others is biocomposting, the baseline consideration is landfilling. So 
hopefully that answers your question unless Sally has something else to offer.  
 
A1. SALLY BROWN: I know that the people on the project are trying to gather 
information on excess digester capacity at waste water treatment plants. They've been in 
touch with the people at East Bay MUD about their project and we're trying to include 
this as a very viable option.  
 
Q2. We have a question about PLA, which I think is polylactic acid. If PLA degrades at 
higher temperatures, will it degrade in a warm environment like a landfill and thus 
produce methane?  
 
A2. SALLY BROWN: I have no idea; that was an easy answer.  
 
Q3. Even if methane collection in a landfill is zero before the gas collection system is put 
in place, won't there still be some methane oxidation in the cover materials, which could 
be...  
 
A3. SALLY BROWN: Yes, that is taken into account in the equation. And we use the 
default value of the 10 percent oxidation rate which is what IPCC and USEPA also uses. 
And even though it may be higher, being that this is the value given by USEPA and 
IPCC, it's very easy to accept and very hard to go against at this point in time.  
 
Q4. Another landfill question here. How much do landfill tipping fees need to increase 
for anaerobic digestion to be economically competitive?  
 
A4. BRENDA SMYTH: I'll take a stab at that for California. I haven't looked at the 
average landfill tipping fee in California, but they vary depending on what region you're 
in. And I would guess that the average might be around $40 or $45 per ton. And again, 
depending on the anaerobic digestion facility, what types of feedstock, where to put 
these, all that, I'm thinking it would be in the range to $60 to $70 per ton. So that's kind of 
your top difference there.  
 
Q4a. OK, that's $60 to $70 per ton?.  
 
A4a. SALLY BROWN: Can I add one thing here? What you see in Europe is that tipping 
fees have gone to over $200 a ton, and then you also see in some countries, prorated 
purchasing price for energy from anaerobic digesters. So two things working in tandem, a 
higher tipping fee as well as higher energy paid to energy to coming from anaerobic 
digestion, which decreases over time. So it's a two-pronged approach to making 
anaerobic digestion cost-effective.  
 
Q5. Why is the fee for sequestration considered for composting but not for landfills?  



 
A5. SALLY BROWN: Actually, in the protocol for the CCX, it's not considered in 
composting. The USEPA's WARM model does have a minimal component of carbon 
sequestration (INAUDIBLE) and it does. The material that we're talking about for this 
protocol however, is very rapidly (INAUDIBLE) and is not the material that would be 
sequestered in a landfill. So for the subsection in MSW (ph) we're talking about, that's 
really not a pertinent question.  
 
Q6. Is there any work being done to develop a protocol for the avoided greenhouse gas 
emissions from use of digestate as compost?  
 
A6. SALLY BROWN: There's talk about a protocol for alternative fertilizer sources, so 
using different sources and in different nitrogen management practices. I have a grad 
student working on a protocol for carbon accumulation and soils restores with organic 
amendments. There's an existing protocol for no-till farming and there's research coming 
out in a number of these areas that show that if you use organic amendments in 
combination with no-till you get very significant increases in carbon accumulation. 
Realize this is a very new process and so I would imagine these things will come with 
time.  
 
Q7. Brenda, you said composters could be denied some feedstock directed to anaerobic 
digestion, but wouldn't composters benefit from using the stabilized solid residues from 
AD?  
 
A7. BRENDA SMYTH: Yes, absolutely, that would be an additional feedstock to 
composters typically coming as the digestate coming out of an anaerobic digestion 
facility. It's not finished, it needs to be composted and so that would be directed to 
composters, that's correct.  
 
 
PART 5: Fourth Speaker: GARY LISS of GARY LISS AND 
ASSOCIATES:   
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My goal is to talk about how zero waste fits in with all the conference that we've been 
talking about in terms of climate change. And particularly, I'm going to look at how zero 
waste as a (INAUDIBLE) tool to accomplish the goal. 
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What do we mean by zero waste?   If you remember the basic phrase of reduce, reuse, 
recycle, I'd say that if in fact we did reduce, reuse and recycle, we'd be very close to 
achieving zero waste. The focus of the past decade or two has been on recycling,  we 
need now to focus first on reducing and reusing waste and discarded materials, and then 
recycling or composting the rest.  
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This definition of zero waste is a more formal look at what we mean by zero waste; 
there's two key phrases here: one is that "all discarded materials are resources" for others 
to use, and, secondly, we want to "not burn or bury" those resources.  
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Today  we've heard a lot about the connections between wasting and climate change, so I 
won't go into a lot of these details, although my slide shows the conventional methane 
multiplier number of 21 times more potent than CO2. I do concur with Sally Brown and 
the STOP TRASHING THE CLIMATE report that 72 times is the key number, the 
multiplier that we need to keep in mind because it is, in the next 20 years, where we're 
approaching the tipping point when it comes to climate change and we need to be 
addressing that in these analyses. When the Recyclers Global Warming Council of the 
California Resource Recovery Association used the EPA WARM model and looked at all 
the materials currently being discarded in California and calculated what would happen if 
all those materials were instead recycled or composted, they found it was the equivalent 
of taking all cars off the roads in terms of greenhouse gases. When you think in those 
terms, it underscores why this is so important.  
     The other thing that we'd like to emphasize is what's called the wasteberg, which 
indicates that for every ton of goods in front of us, there's 71 tons produced upstream 
from mining, manufacturing and distribution of products. For those looking for a citation 
on that, it's Page 13 of the Wasting and Recycling in the U.S. report. (INAUDIBLE) 
that's a ilsr.org Web site. And so when you look at that 71 ton multiplier for the 
wasteberg, it really underscores why we can't recycle our way out of this problem. We 
need to actually stop waste from being created in the first place and we need to reuse 
products in their original form and function as long as possible so we don't have to keep 
mining, manufacturing and distributing new products. And that's the importance of that 
71. If you combine the 71 tons upstream for 72 times potency, you start seeing why 
wasting and climate change and zero waste policies are so critical to moving forward.  
     For people not familiar with the zero waste term, I also want to underscore that zero 
waste is really an umbrella term for a wide variety of policies, programs, sensibilities that 
can work to reduce our waste, reuse it and recycle and compost. Zero waste policies work 
to change the system and to change the economics; if you look at the tipping fees we just 
heard about in Europe from Sally Brown of $200 a ton, in many of the nations there, the 
tipping fees have included in them a $20 to $40 per ton surcharge, a landfill surcharge, 
which was adopted by the individual countries in order to fund new reduce, reuse and 
recycling programs and to phase organics out of the landfill. The European Union also 
adopted a landfill directive to phase organics out of landfills by the next decade, 2016. In 
this country, there's a new campaign called the Cool 2012 Campaign that the Grass Roots 



Recycling Network, Eco-cycle of Boulder, and BioCycle magazine have launched to 
keep compostable organics out of landfills as well; just like the European model, to get 
those organics into more controlled systems to recover the benefits like we've been 
hearing about earlier in this presentation, in both composting systems and anaerobic 
digestion, biological systems.   
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On climate action plans, one of the things I want to underscore is, this is probably one of 
the biggest connections now between zero waste and climate change. Many progressive 
local governments around the country and around the world are trying to move forward 
faster than their federal governments to address climate change because they're so 
concerned about it.  
       And particularly since "An Inconvenient Truth," in the last two years there's been a 
huge upswing in interest by every elected official to be the greenest official, to have their 
community be the greenest community, and to sponsor that, there are programs that have 
been set up which are generally referred to as "cool cities" or "cool counties" programs.  
     As a part of these programs, we have a variety of things being done to move forward 
at the local level to address climate action issues. The first is inventory, emission 
inventories, where they go in and look at the sources of different types of emissions 
coming from the communities and then the second step is to develop climate action plans 
to move forward with programs to address those inventories.  
     ICLEI is one of the key groups that is working on this; originally called the 
International Council for Local Environmental Initiatives, it now goes by the moniker, 
Local Governments for Sustainability. ICLEI is working with over 800 cities worldwide, 
including all the communities working with the U.S. Conference of Mayors on their 
climate protection plans. The Sierra Club also is working to support local governments in 
developing these inventories and climate actions plans. One of the things we like to 
highlight though, in terms of zero waste, of the different "Cool Cities"  programs that are 
out there, there is only one, the Urban Environmental Accord, developed by the United 
Nations in 2005, that includes zero waste by 2040. Regrettably, some of the other 
measurement and planning programs (like that at the U.S. Conference of Mayors)  
include landfill gas recovery and burning waste as the ways as to address climate change, 
which is a contradiction in terms from those in the zero waste arena. So, we urge anyone 



working on climate action plans to look at the Urban Environmental Accords and pursue 
their provisions that call for zero wastes by 2040, the key component of any local climate 
action plan.  
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There are communities all over the world, particularly in recent years, that have adopted 
zero waste policies. New Zealand led the way with over 70 percent of New Zealand cities 
having adopted it. Major cities and small cities around the world have adopted this: 
Buenos Aires, Toronto, major cities outside the U.S. and in the U.S., we have again large 
and small cities. In California, over 20 cities have adopted zero waste as a goal and we 
are thankful for that. In the Bay Area, many of these cities are working together in the 
Bay Area Zero Waste Communities group to help pull their resources together to develop 
this initiative. Many of the cities have developed zero waste plans already and others are 
developing them as we speak; both the City of Los Angeles, and Austin, Texas are 
developing plans right now.  
 
SLIDE 81:  
 

 
 



When you look at the issue of zero waste, the question is, is it attainable? We've have 
talked about the nature model, that in nature there are no landfills or incinerators, that 
everything in nature is a resource or a home for something else, and from nature we have 
3-and-a-half billion years of experience in how nature figures out how to accomplish that, 
and that we need to look at how nature does that. In America particularly, we think in 
terms of recycling, in terms of mostly crushing and grinding things, and what we need to 
do is to broaden our thinking to use biology and things like the anaerobic digestion, and 
composting systems we heard about earlier today, but also all sorts of chemistry, physics, 
natural principle, which is those promoted by Teeny Vendis (ph) and Idomimicry, and 
ZERI, the zero emissions research and initiatives project led by Gunther Pauli. 
     The other thing we talk about is, don’t get hung up on the zero, the message is zero 
waste, we're darn close. We're seeing that our goal is just to achieve zero air, water and 
land emissions but we are defining success increasingly by diverting 90 percent of the 
discarded materials away from landfills and incinerators.  
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And we're finding that businesses are leading the way to zero waste, having already 
achieved that type of reduction. This slide highlights a wide range of businesses, many of 
which are documented on the grrn.org web site, that like in our large and small 
businesses, electronics and organics businesses, some of them are in San Francisco, a 
number of restaurants. They are there because the community is a zero waste community 
that provided the services so that their own businesses can participate easily, 
conveniently and at lower costs than wasting, and when they have that type of a system in 
place, everyone can participate and that is why there is a number of restaurants on this 
list, and there is lots more out there.  
     Other companies on the list have been doing this for many years. Xerox Corporation 
did it because they leased out equipment. It came back in as either an asset or a liability; 
Xerox chose to make it an asset. They refurbished the machines, put them out there when 



they couldn't refurbish them any more, they took the parts out, refurbished other 
machines and when they couldn't get anything else out, then they would recycle the rest 
as part of their waste-free factory that was developed at the beginning of the 1990’s. The 
other thing to note is that over 2,800 businesses in Japan have adopted zero waste as a 
goal and that 99 percent have achieved zero waste to landfill already. Many Zero Waste 
businesses have been highlighting their successes at the Earth Resource Foundation 
conferences and there is a link here to past conference presentations where you can go to 
get the presentations yourselves to show to others.  
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Why businesses adopt zero waste as a policy and a program is a multifaceted thing. 
Sometimes it is because someone asked, like in Japan the Environmental Ministry asked 
businesses to join in with the implementation of the Kyoto Protocol, and that's why 
there's so many Japanese companies that have achieved that. Other things have moved 
businesses towards this, such as their own policies for continuous improvement, like 
Pillsbury where they wanted to do 10 percent better at waste reduction each year. So this 
variety of policies can move them.  
     Economics:  All of the Zero Waste businesses who've been documented have saved 
money. They increased their efficiency. They avoid liabilities, typically liabilities 
associated with landfilling once they recognize that every kind of waste they put in a 
landfill can come back and haunt them. When those landfills close down, typically 
private landfills, the landfill operators and owners can walk away from those landfills 30 
years after they're closed, or when there's no threat to the environment in California, and 
then once there's no one responsible, those landfills are going to open up and cause 
significant liability. At that point Super Fund kicks in and the lawyers there tell figure out  
how much waste your company sent to the facility and they send you a bill for your share 
of any leaking that's going on. So avoiding that liability is a really significant driver, 
particularly highlighted by Bank of America at one of our Zero Waste Business 
Conferences. Trying to distinguish themselves as being a green business, Toyota 
highlights now in their ads on TV that they're not only for zero emissions, they're for zero 
waste, trying to distinguish themselves as the greenest of the green companies that are out 
there.  
     Other companies are responding to activist pressures, and a lot of businesses are doing 
it because it's the right thing to do, and their company executives embrace those goals.  
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To support those green businesses, and Zero Waste businesses, communities like 
Oakland have included in their zero waste plan key goals, such as are indicated on this 
slide, to support those green businesses to buy green goods and services from Zero Waste 
businesses, and to recognize that for every 10,000 tons of material if you landfill it, it 
only creates one job, whereas if you compost it, it creates four jobs. If you recycle it, 
10,000 tons of material creates 10 jobs, and if reused, those 10,000 tons of reusable can 
creates 75 to 250 jobs. About 2002 it was learned that the recycling industry is as large as 
the automobile industry in America, as large as the motion picture industry in California, 
and five times the size of the garbage industry. So this is a significant employer in 
America. Why waste those jobs? Why throw them away? Let's use Zero  Waste policies 
as a tool to move forward. To do that, we need to get them included in the climate change 
plans locally, and at the state and federal level.  
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AB 32 is the California Global Warming Solutions Act of 2006 and a key tool for zero 
waste. The Economic and Technology Advancement Advisory Committee (known as 
EE-tack) developed a report published in February of this year that highlights the 
importance of doing this, and the key page numbers and URL to that report are listed in 
the slide. The ETAAC's report was a very independent review of these issues, written 
basically by the businesses who will be affected by AB 32; those recommendations see 
clearly the connection between recycling and climate change and highlight the 
importance of moving forward with that. The AB 32 scoping plan is just now being 
considered by the Air Resources Board and needs to incorporate the ETAAC 
recommendations but has not yet done so; we have now an important opportunity to 
make sure that the Scoping Plan incorporates the business interests. The Air Board needs 
to embrace those recommendations and to include them in their scoping plan. There are 
many other facets (to get from the patient ????) of AB 32, a couple of which are indicated 
here.  
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There are a number of climate change groups that are out there as resources to enable 
people to look into these issues. One of the most recent developments is the STOP 
TRASHING THE CLIMATE report, issued in June; all of the connections and details 
and URLs are listed in that report, item 3 above. Another organization, the California 
Resource Recovery Association, is having its annual conference this year in August that 
will focus on the connection between wasting and climate change, what they call 
carbonopoly.  
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Still other great zero waste resources are on this list so people can follow up on and 
pursue together to join with the Zero Waste efforts.  
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This is a great slide on what are the different components of the Zero Waste economy, 
many of which are embraced and embodied in the Zero Waste plans that have been 
adopted by certain communities. Mark Gagliardi in Oakland used this particular slide 
when he was first talking to people about Zero Waste in Oakland and just put up this one 
page around the highlights, considering facets of it.  When he was trying to get people to 
understand the basics of what he was talking about, he referred to this slide.  
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I'm open for questions, thank you.  
 
QUESTIONS FOR GARY LISS:  
 
Q1: What is your actual basis in saying that wasting is one of the largest sources of 
greenhouse gases given that the CARB inventory shows that it’s only one percent of the 
overall emissions?  
 
A1. I would just say that that number is an often cited statistic; if you go to EPA.gov, 
their waste site, and do a search for climate change, there’s 10 years of documentation of 
all sorts of reports and studies on the connections between wasting and climate change 
and the background for those numbers.  
 
Q2: You mentioned Oakland, do you know of any other specific cities that included 
source reduction in their climate action plans?  Someone mentioned that the City of 
Alameda has adopted a climate action plan that includes Zero Waste.  
 
A2: Yes, The City and County of San Francisco was one of the first to actually end their 
climate action plan for the city about 5 or 6 years ago and it included Zero Waste 
initiatives as a part of that plan. There they saw that those could be about 10 percent of 
the total (INAUDIBLE) accepted if they implemented their recycling and composting 
initiatives. They were not able to quantify source reduction initiatives as part of that. The 
City of Alameda as well as all sixteen communities in Alameda County have been 
working with funding from the Stopwaste dot org. (the local waste management and 
source reduction agency); they’re to develop community climate action plans with the 
system strong equally, and the City of Alameda, I’m glad you mentioned, because that 
plan shows that of all the things that they could do, including owning their own municipal 
utility, that the largest thing that they could do most critically to direct climate change 
was to reduce, reuse, and recycle. And those initiatives are really highlighting our key 
message that, when you call Zero Waste or you just focus on maximizing reducing and 
recycling and through our policy is to take our products, whatever you call it, if you’re 
pursuing those things to address the wasting connections and climate change at the local 



level.  Zero Waste and those initiatives are the single, fastest, most effective, cheapest 
ways to address climate change.  
 
Q3: How is your company declared Zero Waste, is there some kind of a certification?  
 
A3: There’s a certification being considered right now, it's planned to be developed but 
there isn’t a process in place. So, at this point, we urge you to follow the only 
internationally accepted definition of Zero Waste from the Zero Waste International 
Alliance; it’s  in slide 77 of the presentation today, go to ZWIA. org.  Whoever adopts 
that as the goal for their program and it measures itself according to zero waste business 
standards adopted by the Zero Waste International Alliance with the Grass Roots 
Recycling Network and the standard base of the threshold to measure their achievement 
is over 90 percent being diverted from landfills and incineration and if you’re at that 
level, then it would be appropriate to call yourself Zero Waste. I work with the Grass 
Roots Recycling Network which is designed to reach companies that aren’t considered 
zero waste businesses, and I would love to hear from you. Thank you.  
 
 
CONCLUDING REMARKS:  
 
DANA WARN: Thank you very much everyone for participating in today’s West Coast 
Webinar on climate change, waste prevention, recovery, and disposal. Speakers, thank 
you very much; your presentations were very informative and useful and we really 
appreciate your contributions.  
 
I want to give a quick overview of our next Webinar which is on August 5th from 1:00 to 
3:30 p.m. Pacific Time; it will cover accounting systems, modeling and economic 
incentives. We’ll hear from Kate Krebs, formerly with the National Recycling Coalition, 
who will provide an introductory overview on the national perspective. We’ll hear from 
Jeff Morris of Sound Resource Management who will cover climate change and resource 
management modeling tools, Evan Edgar of Edgar and Associates, who will cover 
economic incentives, climate change and resource management, Lisa Skumatz of 
Skumatz Economic Research Associates, Incorporated on reducing greenhouse gas 
emissions with recycling investment and finally from Joshuah Stolaroff of the USEPA 
headquarters who will cover materials management and greenhouse gas accounting.  
 
 
END OF DAY 2: 
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TIMONIE HOOD, USEPA, REGION NINE: Welcome to the third West Coast Webinar 
of a three-part series on climate change, waste prevention, recovery, and disposal, 
organized by the Environmental Protection Agency Region Nine and Ten offices. We're 
happy to have you here participating. This is coming to you from Burlingame, California, 
with our partners, the California Resource Recovery Association, at their annual 
conference. We've got live presentations here and participants are here as well as remote 
participants listening in from across the nation. We have five speakers today; we're going 
to hear more about accounting systems, modeling, and economic incentives.   
     Our first speaker and moderator today will be KATE KREBS. Kate has been a 
national recycling leader who has served as the Executive Director of the National 
Recycling Coalition, co-founded an incredible glass recycling company, Fire and Light 
Originals, and served as President of the Board for Californians Against Waste.  
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MODERATOR KATE KREBS: Thank you, Timonie, and thanks for all of you that are 
here. After my introductory slides, really painting a picture of what's going on in our 
nation's capital, we have a terrific lineup of four technical speakers that will be sharing 
their perspectives on issues affecting climate change and the new policy that is being 
developed across the country. We'll first hear from Dr. Jeffrey Morris from Sound 
Resource Management. Jeff will present climate change and resource management 
modeling tools. He's an economist, originally from the University of California at 
Berkeley and he's been on the economic faculties at universities of Washington and 
Colorado and is currently the principal of an economic and environmental consulting firm 
in Olympia, Washington.       
     Second, we'll hear from Evan Edgar with Edgar and Associates; he will present on 
economic incentives, climate change, and resource management. He has more than 20 
years of experience as a registered civil engineer and specializes in solid waste 
management, recycling, composting, and renewable energy issues.  
     Following Evan, we'll hear from Dr. Lisa Skumatz with Skumatz Economic Research 
Associates. Lisa will present reducing greenhouse gas emissions with recycling 
investments. She's a hands-on economist with more than 15 years experience helping 
communities across the country analyze practical, economic, and policy issues to reduce 
solid waste. She has been honored by the National Recycling Coalition as the Recycler of 
the Year with their lifetime achievement award and with SWANA's integrated service 
award for the work she's done.  
     Finally, we'll hear from Dr. Joshuah Stolaroff from the U.S. Environmental Protection 
Agency headquarters office in Washington, D.C. Joshuah will present on materials 
management and greenhouse gas accounting. He's a science and technology policy fellow 
working for the USEPA on climate change issues related to material and land 
management and was a post doctoral research fellow in the Climate Decision-Making 
Center at Carnegie Mellon University in Pittsburgh. So welcome to all of our speakers.  
 
But first, a real broad overview. Whether you're new to recycling or one of the old guard, 
a key strategy that we've always advocated to optimize recycling has been to promote the 



environmental benefits of recycling. The early heyday of recycling was, for many of us, 
the energy crisis that really stopped our country from moving forward in the '70s; that is 
when I started to get into recycling. And it really opened the door to all kinds of policy 
conversations that we could have. It was what we really built our advocacy on. It was 
what we were able to articulate, both to the residents of the communities that we worked 
in and to the policy makers across the country. It also opened the door to manufacturers 
to start utilizing secondary materials as feedstock in their manufacturing processes 
because of the significant energy savings that they realized from using those materials. 
Advocates, such as myself, started to focus in on the demand side of sourcing recycled 
materials so that we would create the marketplace that we thought we needed to make 
recycling happen and really try to articulate how we wanted to work on a level playing 
field with the virgin material marketplace.  
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We've made progress, but now we have another singular moment that we should look at. 
What mobilized us before was this picture of the MOBRO garbage barge. And I don't 
know anyone that works in recycling that doesn't have a copy of it somewhere around 
their office. It really said something about what we needed to look to, which is where are 
we going to put all this stuff that we generate? And hats off to the Greenpeace advocates 
that were able to get up on the barge, hang the sign that said, "Next time, try recycling." 
We're at that same kind of moment right now. And clearly the energy challenges that 
we're facing across the country are giving us the opportunity to bring in energy and 
environmental benefits again to real, singular kinds of conversations on how we can 
reduce greenhouse gases, how we can really make the planet that we all live on 
sustainable. So for us at this point in time, as recycling advocates, this is the time for us 
to make sure that we have the expertise we need, the tools we need, the models we need, 
and the knowledge we need to articulate those benefits that we've been talking about for 
the last 30 years in this broader conversation called Climate Change. Right now what 
we're seeing, both on Capitol Hill and at state legislatures across the country, is the 
opportunity to really drive home what's needed to make sure that recycling comes into 
policy. And there's two elements that I feel are critical and important for us to make sure 
that we work and focus on them.  
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First, the environmental impacts of recycling. And I think we're going to hear quite a bit 
of that from Josh as he presents some of his information in working at USEPA on the 
WARM model. The other aspect that's key is the protocol that we need to develop for 
recycling so that it fits within climate change policy. And that is something it will take 
experts like all of us, both here in the room and across the country, to make sure that we 
are mindful about all the aspects that take place within a recycling system, both upstream 
and downstream, and that we count those aspects and make sure that we can include 
those protocols within the large climate change policy. As a coalition, I think we have to 
drive forward to develop those protocols so that as other elements of the climate change 
conversation are moving forward with their initiatives, we have the same toe hold that we 
need to make sure that the activities that we've been advocating for all these years are 
incorporated in the work that we're doing.  
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So these two action steps are what we must do now. First, really pay attention to what 
USEPA is doing on recycling impacts as they tighten up the WARM model and make 
sure that any gaps that all of us have identified over the years within the articulation of 
those elements are captured correctly. And I look forward to what Josh is going to share 
with us today. And second, make sure that we engage a credible third party to help define 
those protocols for recycling projects. There's a number of national NGOs that have done 
that type of work, whether it's World Wildlife Fund or any of the other NGOs that are in 
that space so that we have the central line metrics that we need and the parameters that 
we really need when we test for additionality.  
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So what is going on in Washington? And then we'll get into the technical things. First, if 
you're a member of CRRA, you're a member of the National Recycling Coalition. And 
Ed Skirnolis, the policy director, is leading great work on climate change and making 
sure that recycling is counted and is encouraging the other parties, including the 



commodities manufacturers, the advocates, and the haulers, to be involved in the 
conversation. So make sure, if you're not an NRC member now and you're out there in 
the universe, that you become one because they are really leading that charge and doing 
great work.  
      Make sure that you're watching what the Federal Trade Commission is doing. They 
had a workshop earlier on environmental claims that have to do with climate. They could 
be out in front of all of this conversation. There was great testimony that was presented 
through that workshop, and they are working on really the framework for being able to 
make any claims that are associated with climate. And so that is another agency that is 
going to play a key role. They're also working on environmental claims for recycling for 
biodegradable/compostable. So that whole section of work is open right now. And the 
team is working on it.  
     The House Energy and Commerce Committee, which is led by Charles Dingel, has put 
out a white paper on climate change legislation design that was released in October of 
2007. That's definitely something we all should be paying attention to and reading 
because that is where the action will be on the House side. And then keep track of the 
Senate side, which is the Warner-Lieberman bill. That came out of the Environment and 
Public Works Committee that is chaired by Senator Barbara Boxer, All of you in 
California, keep track with your representatives. She is leading the charge to make sure 
that what comes out the back end is going to really be effective. And that is also where 
we were able to get recycling language included in the Warner-Lieberman bill.  
     And then lastly, we will have a new administration come next year. And if you put on 
very narrow blinders, both of the presumptive candidates have been working on this issue 
of climate and the environment. And we expect to see a stellar proposal, something that 
we hope we can all work with once they are seated and in place. So that administration 
proposal is something that we all should be looking to.  
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So now I'm going to turn it over to our first technical speaker, Dr. Jeffrey Morris.  
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FIRST SPEAKER: DR. JEFFREY MORRIS, SOUND RESOURCE MANAGEMENT: 
Thanks, Kate, and hello to the audience here live and out there in cyber space. I'm going 
to talk about measuring the environmental impacts of discards management: methods, 
models, and results. I'm going to kind of concentrate on the models. And because of that, 
I've included in the material you can download an appendix which has the results of the 
model that we've developed to try and make up for some of the shortcomings of the other 
models that I'm going to talk about.  
 
SLIDE 10:   

 
 
This slide is simply a summary of life cycle analysis for the product and services that we 
consume, and I've included it because I want to make sure you understand some 



terminology. When I say upstream, I'm referring to all the parts of the product supply 
chain that happen: they're gathering the raw materials, refining the raw materials, the 
manufacturing of products – the transportation of the products to the retail store, and the 
retail operation, all the things that happen before the customer actually gets their hands 
on the product - that's the upstream. That's the one part – the first part of the life cycle of 
a product. The second part is the use phase; that's when the customer uses the product. 
And the third part is the downstream and that's when the customer discards the product 
because they've used it up and either had leftover packaging or leftover product. Those 
are the three aspects of a product's life cycle that I'm going to refer to occasionally.  
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I wanted to show you a little bit about the complexity of doing life cycle analysis. This is 
a life cycle – only three stages of the automobile supply chain. And it simply shows that 
for a $20,000 car, there's a variety of inputs that are needed, an engine, the steel, the 
parts, the plastics. And then to make, for example, the engine, there's a variety of inputs 
that are needed. Again, some steel, aluminum, electricity. And then, for example, to make 
the steel, there's another variety of inputs that are needed. So the supply chain of any 
product is basically infinite, going back a long way in space and time. And life cycle 
analysis attempts to deal with that in various ways in order to recognize what the 
environmental impacts and the energy impacts are of actually making a product. The 
retail store where you buy the product is just the end of the supply chain and then you use 
it and then discard it.  
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This slide shows life cycle impact categories. In life cycle analysis, we don't only talk 
about climate change. So there are other environmental impacts that are important, and 
that's one of the reasons also that we developed our model because that one 
environmental impact is not the only one. And because if we focus only on that one 
environmental impact, we will end up at the same dead end or bad place that we ended up 
from focusing only on the financial bottom line. So sometimes I say, "Can a Cyclops see 
3-D?" This is a multi-dimensional problem. The environment is multi-criteria, multi-
dimensional, and any one dimension focus of it will make erroneous conclusions. And 
just to indicate what some of the other impact categories are, there's climate change, 
there's three human health impact categories, particulates come from the criteria air 
pollutants, toxics, and carcinogens. There's toxics that impact our ecosystems called – 
impact categories called ecosystems toxicity. There's acid rain, acidification. There's 
waterway over-nitrification called eutrophication. There's global ozone depletion, ground 
level smog formation, habitat disruption, biodiversity, and ecosystems services 
degradation and resource depletion. So all these things are dealt with in a full life cycle 
analysis, and all of them ought to be dealt with whenever you're considering what to do 
with your discards.  
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Let me now talk about some of the available models. The first one up here is the clean air 
climate protection model that the International Communities for Sustainability 
Organizations put out in which many local governments used to do their climate action or 
climate inventories, climate carbon dioxide, carbon inventories.  
     The second model is the USEPA's waste reduction model, called WARM, that many 
of you have probably used to evaluate what the impact is on global warming. Various 
choices you might make for managing your discards.  
     The third one was developed over a five year, almost 10 years now, period of time. It's 
called Municipal Solid Waste Decision Support Tool. It's still not publicly available, but 
Research Triangle Institute at Research Triangle Park back in North Carolina has it. And 
it deals with not only global warming impacts but a number of other pollutants also in a 
complicated model that includes the ability to optimize on one or more different criteria. 
So you could optimize on climate change, or you could optimize on your criteria air 
pollutants, or you could optimize on the bottom – financial bottom line. So that's a 
complicated model, and it hasn't been released, I think, in part because of its complexity 
and users have had some difficulties learning how to deal with it.  
     The fourth model up here is the Carnegie Mellon Economic Input-Output Life Cycle 
Assessment model. It's available for free on the Internet; the Internet address is up there. 
It's maintained by the Green Design Institute at Carnegie Mellon University. Its attribute 
is that it has all the toxics release inventory emissions that happen across the life cycle 
supply chain for any particular product embedded in it so that you can get not just 
greenhouse gases or not just criteria air pollutants. You can get all 500, approximately 
500, toxics release inventory pollutants, the emissions of those associated with whatever 
product you might be thinking of purchasing.  
     The fifth model is one that's used widely, I think, by the LEED people and for green 
building, called the Building for Environmental and Economic Sustainability and known 
as BEES. It was prepared by the National Institute of Standards and Technology, and if 



you type in B-E-E-S on Google, you'll get this. This model will give you the 
environmental impacts, again, across the supply chain of a variety of building materials 
you might use for a particular purpose; for example, metal framing materials rather than 
wooden framing materials, or concrete versus fiberglass or something like that.  
     The next one that's listed up here is US EPA's TRACI tool, a tool for the reduction and 
assessment of chemical and other environmental impacts. And this is a life cycle analysis 
tool that also includes the characterization factors that allow you to aggregate the various 
toxins and leach (ph) inventory, for example, the 500 or so pollutants, that you have into 
something like a single number or a few numbers so that you can communicate with that 
better. You can imagine what would happen if you went to your city council and said, 
"OK. Well here's a life cycle analysis and here's the 500 different graphs showing which 
emissions are higher or lower if you pick activity A or activity B." Their eyes would roll 
and they'd ignore you. So just like in climate change, we have characterization factors to 
aggregate carbon dioxide and methane and sulfur hexafluoride and nitrous oxide and 
chlorofluorocarbons into one number of carbon equivalents or carbon dioxide 
equivalents. We can do that also for all the other impact categories. And TRACI has that 
kind of rating scheme embedded in it.  
     Then the next one is a tool that we felt compelled to develop because of some of the 
shortcomings of the other models, which I'll talk about in a little bit. We don't have any 
official name for it other than (right now) it's called the U.S. Environmental Benefits 
Calculator or MEBCALC.  
     The National Recycling Coalition has a calculator that I think mainly gives energy and 
global warming outputs, and the Northeast Recycling Council also has a calculator that I 
think also gives energy and global warming outputs but it doesn't talk about the other 
environmental impacts.  
     Then the last one is something I'll come back to, the Consumer Environmental Index, 
which we developed for our Washington State Department of Ecology.  
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Now I want to list a variety of problems with the various models. Rather than being 
specific about particular models, although I might occasionally say something critical, 
since I'm the only one here and the other model representatives aren't here, I felt it would 
be unfair to just single them out and say, "OK, this model is wasted because of that." But 
let me indicate what some of the problems are and why we felt compelled to develop our 
own model.  
     1. The first problem is that for some models there are no upstream impacts. And for 
discards management, 75 to 90 percent of the story of environmental impacts is upstream. 
It's making a product out of virgin materials instead of recycled materials. So if you 
ignore the upstream, you've already ignored 75 to 90 percent of the story; this was a 
problem when we did the inventory for Seattle Public Utilities using the Clean Air 
Climate Protection model because at Seattle Public Utilities, we wanted to think about, 
"Well, what should we spend in terms of money for various programs?," and we wanted 
to think about spending money on recycling or spending money on a landfill or spending 
money on composting. To make that decision without looking at the upstream meant we 
would have ignored 75 to 90 percent of the story. So that particular method of accounting 
for greenhouse gases seems to me to be seriously deficient. It's as if, as an economist, we 
only looked at the cost of the product that you buy, or we were looking at the cost of the 
products you buy and we only looked at the cost at the retail store. Looking upstream, 
you know all of the costs that it took to make the product. So I think that that's a serious 
deficiency that we need to deal with in terms of our greenhouse gas accounting methods. 
And as a friend of mine at Carnegie Mellon, Scott Matthews, has quipped, this is the 
toeprint versus the footprint methodology. And we need to know what the footprint is. 
The toeprint is like you know you got your toe in the water; we need to know the whole 
boot if you're going to get in the water.  



     2. The second problem with some of the models is that they cover only a single 
environmental impact. Everybody's focused on global warming, so many models focus 
only on global warming. There's 10 or 15 other environmental impacts equally as 
important that we need to look at. When panels of experts get together and talk about 
how to rate the different environmental impacts, the most I've ever seen them give 
climate change would be about 40 percent weight. So again, you're leaving out a big part 
of the story if you don't have a model that tells you what the impacts are across these 
other environmental categories.  
     3. The third problem is that there's often no capital equipment impacts included in the 
life cycle assessments that are included in the models.  
     4. The fourth problem is a particularly serious one for discards management. There's 
no upstream composting impact, or very little upstream composting impact. And one of 
the benefits of composting is that building cleaner soils through compost means that you 
don't have to use synthetic fertilizers and you don't have to use as much pesticides. So 
when you begin to take into account the not producing the synthetic fertilizers and the 
pesticides and what those impacts are of not using the synthetic fertilizers and the 
pesticides, synthetic fertilizers emit nitrous oxide, for example, is one big climate change 
impact. Pesticides are nasty when they run off into ecosystems, toxic ecosystems; toxicity 
is one of their big impacts. Synthetic fertilizers have excess nitrogen that usually runs off 
because they're using too much too fast in nitrogen applied to the gardens or the farms or 
the lawns. And so it runs off into the waterways and that produces eutrification, another 
environmental impact that's important to keep track of.  
     5. A fifth problem with the various models is the energy offsets. It's a big deal what 
you decide to credit as an offset for your energy that you produce from the energy 
production disposal method. So whether you're burning the materials or whether you're 
landfilling them and gathering the methane, if the energy production that you're 
offsetting, if you think it's a coal plant, you get a lot more credit than if you think it's 
natural gas. And if you think it's a renewable energy, you don't get any greenhouse gas 
credit. So it's a big deal what you decide is the offset.  
     In particular, the WARM model always uses average fossil fuel as its offset and the 
decision support tool uses the average mix of fossil fuel across the country for its offset. 
And we've decided in some projects we've done for King County, Washington, and other 
places, in talking with the providers of electricity that the offset here is really natural gas; 
that's the marginal source of energy - the peaking source of energy is combined-cycle, 
natural gas-powered turbines. So if you use that as an offset and then burning materials 
with that, that's good because what you're offsetting is a clean source of energy, relatively 
clean.  Coal is relatively dirty, garbage is relatively dirty, but natural gas is relatively 
clean. If you burn garbage to offset natural gas, it doesn't look as good as if you're 
burning garbage to offset coal. And what you're really doing is when you burn garbage in 
either a waste-to-energy facility or a gasification plant to produce synthetic gas and you 
burn that, it's still burning garbage, you're offsetting. And say you're offsetting coal. That 
looks a lot better than if you're really offsetting natural gas which is what we think is the 
real story.  
     6. A sixth problem is whether the model is based on a process life cycle analysis 
[LCA] or an input/output LCA. In that automobile supply chain I showed you, a lot of 
life cycle analysis tries to go to the manufacturers and look at what they use as inputs and 



then go to the manufacturers of those inputs and look at them. And I talked about the 
infinite supply chain. So you can usually only go back three or four stages in the supply 
chain with a process LCA. Input/output LCA, on the other hand, can go all the way 
through the supply chain, through the magic of econometricians and mathematics. But, 
anyway, you can go all the way through the supply chain. So that's an important issue to 
know which models are doing what there.  
     7. Number seven is the problem that a lot of our emissions data is not as current as the 
small, sample emissions data we have; this applies to any of the models. We have a 
country full of accountants measuring the financial impacts of things; we have very few 
people keeping track of the actual emissions that are happening in the plant that's next 
door to you, in the facility, whether it's a discards management facility or a 
manufacturing facility.  We have very few people actually measuring the emissions on a 
day to day basis like we measured the pennies, the dollars and cents, the costs and 
revenues for those facilities. As a result, we are looking through a glass darkly when we 
look at the emissions. And so you need to be very careful and conscious of this degree of 
uncertainty that you have about what the environmental impact is of any particular 
process that you're studying.  
     8. The eighth problem is that we aggregate emissions only for the climate change 
impact. We should aggregate emissions for all 10 or 15 environmental impacts so that we 
can tell the full story.  
     9. The ninth problem is that these models are not user friendly, they are very complex. 
I mentioned a little bit about that before.  
     10.The tenth problem is that even if you roll them up into the different environmental 
impact categories, there's been no particular method developed that's really great for 
comparing environmental impacts, like if climate change goes up and human health 
toxics goes down, well, what do you say?  And then if carcinogens goes up, that's method 
A, and then on method B, greenhouse gases go down, toxics go up and carcinogens go 
down, what do you say to your decision makers? A lot of people have no idea, and these 
models don't give you much help.  
     11. And finally, our last listed problem, is that the characterization factors we use to 
aggregate our toxics and carcinogens and so forth are in flux because there's wide 
disagreement about what the metals impacts are when metals like arsenic, cadmium, lead, 
copper and on and on exist out there in relation to the environment.  
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This is some of the additional data we've used in the calculators that we've developed: 
USEPA's AP42 emissions data, which is a good source of emissions to look at when 
you're doing some of these environmental impact studies of discard management. Our 
Washington State Department of Ecology in its studies for Washington State on vehicle 
and home fuels air emissions; the use of cars and the use of fuels in your home, it's 
important to take that into account. And then there’s books and peer-reviewed articles, 
and those are listed in the references to this presentation which you can download.  
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Now I wanted to give a couple of examples of the outputs of our calculator to show you 
what the impacts are and to illustrate some of these points.  
     The first one is this definitions of terms on graphs. This is basically what the types of 
facilities and types of discard management streams I'm looking at are. Recycling, aerobic 
composting. WTE means waste-to-energy of the mass burn type (sometimes called 
advanced thermal recycling), then gasification/pyrolysis that use the so-called conversion 
technologies for turning our waste discards into energy sources, and then landfills. And 
the assumption is a 75 percent recovery rate for the methane, for the landfill gases. And 



there's dispute here because between 20 and 95 percent, some gas engineers say 90 to 95, 
but we have certain people that have studied it and they might say 20. We ask operators 
of landfills and they might say 50. So the USEPA WARM model is defaulting at 75% so 
I'm using that for these calculations and the graphs I'm about to show you.  
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This graph just illustrates the point that 75 to 90 percent of the emissions are from 
upstream sources. This graph shows what energy it takes to make products out of 
recycled materials versus virgin materials. And the bars are pretty clear.  
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This slide shows what happens when you add in all the energy outputs in the collection 
systems and the material recovery facilities and the hauling distances to markets. Just so 
you have something in the back of your mind, to haul a ton a mile in a tractor trailer truck 
takes between one tenth and 15 hundredths of a pound of carbon dioxide. So that's 
between one tenth and 15 hundredths, 0.1, 0.15. So transportation is de minimus here; it's 
the upstream that counts. And so when people criticize recycling, "recycling's bad 
because it puts extra trucks on the road;" if they're talking about climate change, that's 
just not true. You can take a material – so a tenth of a pound of greenhouse gases you can 
take a thousand miles and you've used 100 pounds of green house gases. In this slide 
you'll see a differential of a couple of tons between recycling and disposal methods. So 
transportation, collection and processing are not the issue; the upstream is the issue. It's 
the upstream, stupid. As you know, we used to say, "It's the economy, stupid."   
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This slide shows the difference in CO2 emissions between recycled and virgin. And of 
course there you can see (and this is in tons of emissions per ton of material) – so you can 
see the left-hand bars go up some and the right hand bars go up a lot more. So, depending 
on the material, there's a ton or two or three or four or seven or eight tons of green house 
gas savings by making materials and products out of recycled materials. In other words, 
aluminum cans can be shipped back at a minimum several times in a tractor trailer or on a 
train or a rocket ship before you'd use up the virgin savings, the virgin offsets, from 
making aluminum cans out of recycled materials.  
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Now we’re comparing recycling to various types of wasting In the green line, that’s 
emissions reduced by recycling; the white and black lines are the emissions made or 
reduced by incineration, pyrolysis, or taking the ton to the landfill with gas-to-energy at 
the landfill. In every case, recycling is best.  
 
The interesting thing here is that often when people talk about getting energy out of our 
waste materials, they forget that a lot of our waste materials are simply fossil fuels; 
plastic and rubber is a fossil fuel. So if you burn plastics and rubber, that's a fossil fuel 
emission. When you're making a calculation of how much greenhouse gases you save by 
getting energy from your discards, don't forget those discards are, in many cases, fossil 
fuels and so you're actually adding to the greenhouse gas flow in the environment by 
burning them.  
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This slide just shows the same sort of CO2 results for composting different materials.  
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This is the same scale as the recycling slide. Here we have an expanded view so you can 
really see the difference. This presentation starts to show you some of the things that are 
very important about composting that we've now added into our model: carbon 
sequestration, the offset of fertilizer, synthetic fertilizers and pesticides. And when you 
do that, you get a significant greenhouse gas savings from composting.  This slide also 
shows effective carbon storage. So for example, when you cut down a tree, the tree 
sequesters carbon until it's cut down. But if you didn't do anything with the wood, the 
carbon that was sequestered is still stored. Now, if you make it into paper, you lose about 
half of that carbon for some kinds of paper, maybe 15 percent for other kinds of paper. 
But this carbon is still in the paper. So as long as you have the paper or the furniture or 
the wood framing member, that carbon is still stored so it hasn't been released into the 
environment. You put that piece of wood in the landfill, it continues to be stored. If you 
burn it or turn it into an energy source, that carbon is released. So you need to somehow 
be able to release the stored carbon in comparing your disposal options of landfill or 
waste-to-energy or gasification or pyrolysis against recycling and composting or against 
each other. We need to keep track of what's still stored, what's been released, because the 
environment does not care whether it was an anthropogenic or a biogenic source of CO2. 
If there's more CO2 in the air from one method than the other, there's more CO2 in the 
air. End of story. So you need to know about storage. And we've taken that into account. 
So this shows how landfills, in the case of yard debris and paper, stuff that's got a lot of 
carbon stored in it and doesn't degrade very fast in a landfill doesn't emit a lot of methane 
beats waste-to-energy, beats gasification. That's important. With food scraps, it's the other 
way around. There's not much carbon stored in food scraps and they emit a lot of 
methane right away, even if you're collecting 75 percent. If you burn it, you emit less 



greenhouse gases. So it's not a simple one-sided story, but you need to look at this in a 
complex way.  
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This slide just shows the impact on particulate emissions for the various disposal options; 
here we see the same sort of thing. In the appendix, there's all the other environmental 
impacts, seven of them at least, that I talked about. So you can look at those.  
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This slide shows how, from the perspective of particulate emissions, how burning organic 
materials is worse than composting them. 
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Now we need to look at eutrification which we defined earlier as nitrogen emissions in 
waste-water. So here's an interesting thing to look at, with newspaper and cardboard, 
notice the virgin versus recycled content product difference isn't very much because 
making paper products out of recycled paper, you need to de-ink the paper and wash and 
repulp the materials so that the nitrogen emissions into the waterways as discards from 
that process are about the same for virgin as they are for recycled. This is one of the few 
instances like that.  
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Another slide here on eutrification.  
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This slide simply shows that newspaper has a net release of eutrifying substances because 
of the de-inking operations. So recycling in terms of eutrification of newspaper is not as 
good as the other methods of handling it, again the exception to the rule that, in general, 
recycling and composting are better. And then for composting, this shows the offset of 
fertilizers, the fact that the nitrogen is not running off if you use compost instead of 
fertilizers. So the eutrification bar plunges off to the negative zone for composting.  
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This is an example of different options for managing wood waste; it shows the difference 
between substituting the wood for a natural gas or coal as a fuel (the two middle bars) 
and then, on the right, the three uses in a landfill: gas-to-energy or flaring or venting. You 
need to remember that an internal combustion engine that we use to convert landfill gases 
to energy is not a clean item; it's got some emissions just like your car engine.  



     So, if you’re looking at GHG emissions, what you get from actually turning the 
landfill gases into energy is not such a big deal. You may as well just flare the gas, 
especially given the capital investment you have to make. And that's if you're substituting 
for natural gases.  
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I also wanted to show what the value is worth of recycling 100 percent of our materials. 
How do you decide what recycling is worth? We've had people say it's not worth 
anything and we've had people say it's the only thing we ought to be doing.  So here's a 
couple of comparatives based on this Washington State Consumer Environmental Index 
that we've developed. Capturing 100 percent of household curbside recyclable materials 
(that's just the standard curbside materials) is equal to a 60 percent cut in household 
vehicle fuel and oil use; it's also equal to 10 percent cut in all household electricity use, 
and it's equal to 100 percent cut in household meat and dairy consumption.  
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What about composting? Composting is more different materials but they have less of an 
environmental benefit. And that's partly because we haven't really done a good job of 
figuring out what happens to carbon in the soil when we use compost and how it builds, 
and we might actually sequester more carbon. But, again, composting 100 percent of 



household materials is equivalent to a 30 percent cut in household fuel and oil use, a five 
percent cut in electricity use, and a 50 percent cut in meat and dairy consumption. To put 
that in perspective, the average Washington State consumer generates 20 metric tons of 
carbon dioxide equivalents in a year from their purchases and use in discards.  
     These four things together: recycling everything and composting everything, cutting 
your gas and energy usage by maybe 25 to 50 percent and cutting your meat and dairy 
consumptions significantly might be able to reduce your emissions down by 10 or 15 or 
20 percent. So, when we talk about 90 percent reduction being the goal, it's because the 
world's oceans and forest and soils can absorb about two metric tons – in other words, 
one tenth of what the average Washington State household produces. So that's one way to 
judge what is the worth of recycling and composting. Another way is to put prices on the 
emissions.  
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Here are the prices. I don't have time to go into this, but it's in the references. This is a 
valuation of the various environmental impacts that are included in our model.  
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This is what the environmental value is of various kinds of recyclables. As you can see, 
for example, for aluminum cans it's almost $1,500, the environmental benefits of 
reducing the emissions by using recycled instead of virgin. The other materials are 
equally large, not quite that large, but in the $300 or $400 or down to $50 per glass and 
compostables is $50 to $100.  
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Just to compare those numbers to what the market price is for these materials are, this is 
in the Pacific Northwest. Right now we're at about $140 a ton for the average mix of 
curbside recyclables. And if you mix those environmental values for the various materials 
down by their share of curbside collection, they're worth in environmental benefits more 
than $140. So the environmental benefit is equal to or greater than the current market 
value. And just think how much recycling you can do if you could get twice as much 
revenue as you currently get. And that's, in fact, the social benefit of recycling that we 



ought to be making our decisions based on, not just the market value that we can get and 
the avoided disposal cost.  
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These are my references.  
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And that’s the end of my talk; thank you very much.  
 
 
 
 
 
SECOND SPEAKER: EVAN EDGAR, EDGAR AND ASSOCIATES: Hello, my name 
is Evan Edgar.  
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I'm not going to talk about the economic benefit; Dr. Morris did a great job on that. I'm 
going to talk about the policy benefit. I'm a lobbyist in California, about AB32  and 
what's going on with the California Air Resources Board [also known as CARB] and the 
Waste Board and how do we play carbonopoly. And it is a game that we could lose.  
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And about carbonopoly, the theme of your conference, we have to pass go and collect 
200 tons of mandated commercial recycling, stay out of the Landfill Jail. We have to 
promote the Community Chest of GHG benefits, take a Chance on bio diesel, sell 
ethanol, use compost in Marvin Gardens, turn the Electric Company green, and dream 
about carbon credits on Broadway and Park Place. But it's not really a game. It's more 
like double jeopardy at times, believe me.  
 
SLIDE 38:  



 
 
I'm going to talk about some direct emissions like what does it mean to the local garbage 
and recycling company? What does it mean to your home town? What does it mean to the 
system? And on a statewide level, we have to reduce 30 percent from business as usual 
by 2020. But from today's baseline, from 2002 to 2004, which is a baseline that we are 
doing today, it's only a 10 percent reduction. So if we do business as usual, it's 30 
percent. But from today, it's only 10 percent. The Institute for Local Government is a 
combination of the League of California Cities and the California Counties association. 
They got together to form one of the best practices on reducing the carbon foot print of 
the collection companies. And what is your carbon foot print? What can we do today? 
What's real? What's in front of us? And you can't manage what you don't measure.  
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Now I'm drawing on the lingo I use in Sacramento about the four As and the four Fs of 
climate change. First, we have assessment, and I'll talk about that. And then we have 
action – I'm talking early action which is what we should be doing now. Additionality is a 
buzz word, and who gets the carbon credits on assignment.  
     On a recycling system, the four Fs are: what are the fleets, the direct emissions from 
the fleets? What are the facilities, the indirect emissions? What about the feedstocks 
being recycled, which are the avoided indirect emissions? And what are the future of 



carbon credits? And when we talk about emissions, direct, indirect, and avoidance, it 
goes scope one, two, and three in priority because you have to actually reduce the direct 
emissions first and then indirect emissions and avoid an indirect are the last on 
everybody's list. And unfortunately, that's why we're here today.  
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We’re looking at the carbon footprint reduction for the California solid waste system; 
thinking about  what we can do here for the typical curbside collector with a MRF. 
You're making 50 percent. Where are you at today? And first of all, you have to baseline 
your early action. On case studies, we can baseline from back to 2001 or thereabouts. So 
some time along the way on green house gas inventory, you have to baseline it.  
     What we're finding out is that about 90 percent of the direct emissions in a curbside 
program are from fleet use - the fleets of trucks that collect material while only 10 
percent is indirect from the offices and MRFs.  What we're finding out, what Jeff pointed 
out, was about you know 80 to 20 tons (ph) were carbon negative due to avoided and 
direct emissions, and that's a big number. And recycling is everywhere within a scoping 
plan with regards to what's going on with all aspects of the AB32 climate change scoping 
plan. But how do you get your arms around being carbon negative? How do we account 
for it?  
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CARB did adopt a great scoping plan. Rome was burning in California when we had the 
drought fires due to climate change. It was 110 degrees in Sacramento, and we had the 
smoke-filled air. But CARB actually adopted a great scoping plan. People will forget 
about the world is watching with regards to the renewable fuels, if you go into lower 
carbon fuel standards, with regard to solar roof tops. A lot was happening in that scoping 
plan. Recycling was left at the curb, along with composting, but how do we get the 
recycling and composting back into the scoping plan? And one of the great policies of the 
low carbon fuel standard, a 10 percent reduction in carbon intensity by 2020. That's in the 
top four of the AB32 scoping plan for the reduction; 16.5 million metric tons by 2020. 
That is a great opportunity for everybody: low carbon fuel; it could be B20, biodiesel, it 
can be E15, ethanol, LNG, CNG, hydraulic hybrid. But what Jeff pointed out, a lot of 
these models, you don't get into a lot of upstream from like corn ethanol. You know how 
do you account for that? So there's some problems with some modeling of upstream use 
of ethanol.  
      CARB's ETAAC, the Economic and Technology Advancement Advisory Committee, 
they're looking at commercialization of – so they can set up (ph) ethanol. So we made 
ethanol out of our garbage, out of organic, instead of out of corn. And that's a policy 
that's being pushed by the ETAAC committee. CCAR, the California Climate Action 
Registry, made a decision that B20 and E15 fuels are biogenic resources so they don't 
count. So it goes back to Jeff's example, it's still carbon in the air; it’s surely part of your 
carbon footprint. But as a biogenic resource, it doesn't count. So that's a big policy 
decision that helps people reduce their carbon foot print with low carbon fuel. And of 
course then we have a Waste Board policy of diverting 50 percent of organics by 2020.  
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Several years ago the CIWMB adopted a strategic directive calling for 50 percent less 
organics by 2020; we need to go from 26 million tons of organics to 13 million tons in 13 
years. Over the next 13 years, we will have to reduce 13 million tons, a million tons per 
year. And how do we do it?  
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Here I just have some factoids about low carbon fuel. The Governor’s executive order 
had other features in it: he wants about 20 percent of the biofuel to come from within 
California by 2010 and 40 percent by 2020; California wants to be an eco-industrial 
complex. We've done the dot coms; we've done the military, we've done entertainment, 
but now we've got clean technology - that's our next horizon. And by making it in-state, 
we can use it in-state. We don't have to haul corn from the Midwest. One ton of organic 
waste can make about 77.5 gallons of ethanol. So just doing some math, if we get 20 
percent of the in-state fuel low carbon by 2010, that's about 2.5 million gallons of organic 



waste that could be diverted here. And then if you do 40 percent by 2020, that's about 10 
million tons. The trade association I represent, the California Refuse Removal Council,  
we practice "MRF first:”  you've got to go through a MRF first to get all the recyclables 
out in traditional recycling; you've got to maintain the existing infrastructure in regards to 
recycling and composting. What's left over can then go to these other types of low carbon 
fuels. And once again, the upstream greenhouse gas benefits are not part of the current 
modeling.  
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In this slide we look at how different fuel mixes can reduce our GHG emissions. If the 
League of California Cities and CSAC say that we can reduce your carbon foot print 10 
percent by 2010 or 20 percent by 2020, they did that in version four of the Best 
Management Practices. If you just look at the typical collection fleet that is out there, by 
using B20 or E15, LNG, CNG, or even the hydraulic hybrid (not on the market yet but 
soon) that would be a 40 percent reduction. There are ways that our fleet that have 90 
percent of emissions can reduce our carbon footprint by a low carbon fuel choice.  
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Now let's look at solar roof tops; I've been modeling different MRF roof tops with 
regards to that square foot on top. You do about 650 kilowatts and one megawatt, about 
67 percent you can use on site, and there's different power purchases agreements for 15 to 
20 years you can sign, and there's no capital costs. Very good incentives on solar right 
now.  But we can actually reduce the carbon footprint of our facility by about 67 percent 
by having that on solar roof top on our MRFs. And of course energy efficiency is a big 
bang for the buck, too.  
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Now we want to look at reducing the emissions from fleets of vehicles - we can reduce 
this by 13 to 20 percent. With facilities, we can do six to eight percent reductions. And on 
the system itself, up to 20 percent; we can do it. So when you focus on direct emission 
reductions and indirect emission reduction, that's the number one and two scopes going 
on right now that's in front of everybody and early action; we can do it.  
       Dr. Jeffrey Morris had a good factoid about the truck going out to pick up 
recyclables. In my modeling, a typical truck takes about five gallons of diesel to pick up 
about six tons of residential single stream; it’ll vary based on travel distance and time in 
transit but that’s a good average. If you do the math on this and run all the numbers 
through the federal WARM model unmodified, there’s a 60 to 80 times benefit.  The 
numbers for mixed commercial loads are about the same. There’s a lot of details in 



making all these calculations but the results are always impressive in the avoided tons of 
carbon dioxide not produced.  So there are a lot of good practices there where we could 
not only lower the carbon foot print but how do we increase recycling? How do we model 
that?  
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Here's some modeling I've done on the greenhouse gas benefits; I call these communal 
benefits because everybody benefits by doing this. I don't know who owns the credit and 
I'm not going to talk about that. So we can do eight to 20 times carbon negative on 
avoiding indirect emissions from recycling. A lot of modelists claim that recycling is 
carbon neutral. Well, if you look at the greenhouse gas benefits, they're carbon negative. 
There's a lot of good stuff there that beyond the curve that we can model.  
       But our modeling needs updating. As Jeff pointed out, there's a lot of models. People 
that use California – a federal model a different way. For a while, the WARM model was 
used to promote the carbon landfill. Well last year, working with CAW and working with 
stopwaste.org, we killed a carbon landfill on a policy side. The science to be there, you 
know the carbon and landfill had some good signs that maybe the science is there, but on 
a policy side, at the Air Resources Control Board and the California Energy Commission, 
we killed a carbon sequestration standard for landfills because we should have no policy 
standard to do that. Who killed the carbon-sequestering landfill?; that's a good one. CAW 
did good on that one and CRRC, working with stopwaste.org, we did it too.  
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Now I'm going to look at what is in the scoping plan and what we want to see there. 
Looking at the scoping plan as it stands today in draft, people have said that recycling has 
been left at the curb.  
       A few weeks ago, deep in the appendices, they talked about planned commercial 
recycling that is good for about 3.5 million tons of materials that can be recycled, an 
increase in compost use is good for about 3.1 million metric tons of CO2 reductions and 
anaerobic digestion. But it's buried very deep and it's not really quantified. There's no 
good factoids and it's on the "to be evaluated" list. So down the road some time it's going 
to be evaluated.  
       What we're trying to get through the CARB scoping plan as well is some type of 
recycling protocol in order for local governments and businesses to use because they 
keep on saying the CARB scoping plan, you can't quantify it and there's no good 
assessment tools. So that's one thing we've been working on is making sure that we have 
the assessment tools. What can we do now in order to assess the benefits of recycling so 
we don't have to wait down the road for five or 10 years before some protocol is 
developed.  
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Now we want to look at different GHG assessment tools and what is a baseline metrics? I 
think that was your term I liked, and your presentation in Washington, D.C. How do we 
baseline our metrics? What are the factoids? And I’ve been using the federal WARM 
model, and I dropped the carbon landfill aspect. We just don’t account for carbon 
sequestering. We use the energy mix from California that is more green than it is coal. 
So, we modify that federal WARM model. But we do it in a sense that, for program 
design. You know, how to design a program. And what’s your next program to roll out if 
you do mandated commercial recycling? What are the factoids? We use it for CEQA 
assessment. In California and starting now, any major project, depending if the attorney 
general sues you (but you should do this anyway), you have to assess the greenhouse gas 
effects of that project. Starting in July 2009, the Office of Planning and Research in the 
State of California [OPR] will be putting out guidelines on how do you CEQA 
assessment of greenhouse gas benefits and greenhouse gas emissions. So, we’re trying to 
develop those tools now, so as you go through the California Environmental Quality Act, 
as you go through our program design, we’ve got factoids that we can use to highlight the 
benefits of recycling.  
       With regards to the protocol development, that’s a slippery slope. When you look at 
a protocol, you can infer that you’re using it for carbon credits. But if you do a voluntary 
protocol in a voluntary market, that’s great. But if you do a compliance protocol, it has a 
high standard. At the California Climate Action Registry, it has some real high standards 
in order to develop a recycling protocol with carbon credits in mind. That’s a very 
important aspect, because we can spend three to five years, like they did on the forest 
protocol, to determine what are the greenhouse gas benefits for carbon credits for a forest. 
That’s a long, rigorous process. And if we don’t do the assessment tool first and get that 
in place, instead of – and do it just for assessment without the recycling protocol in mind 
for carbon credit, that’s the way to do it now, as a phased approach. But if we try to 
develop a recycling protocol with carbon credits in mind today, it can derail just doing 
simple assessment tools in order to get that information into the mainstream today, in 
order for program design and CEQA design.  
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Which brings me to additionality; it was one of the things that Kate touched on. What is 
additionality? And this is a question for CRRA membership, because you can do a couple 
of things on additionality. You can mandate things and push them through the system, 
like A.B. 939 was a supply push bill, people call it. And today, they’re asking us to wait 
for carbon credits that have a demand pull with it with regards to having money out there 
twice the value of and carbon credits could be out there.   
       So, with regards to California, we’ve always been leaders - this ain’t Kansas 
anymore. We’ve done 54 percent on some numerics. But if we go to 75 percent by 2020, 
SB1020, the Padilla bill, is going through committee right now and has the support of a 
lot of folks; it’ll probably be signed. Seventy-five percent by 2020 with mandated 
commercial recycling.  My trade association (the haulers) is supporting it. But by 
supporting that type of bill, which is a great concept of push more through and we can 
design the program with the greenhouse gas benefit, we do not pass the additionality test, 
or the regulatory test for carbon credits. So, people are out there hoping to get carbon 
credits. Well, in California, by having a higher standard, a regulatory test, a mandate or a 
percentage is mandated, there are no carbon credits. And plus, it’d have to be beyond 
business-as-usual, and there’s things that are called real, enforceable, permanent, 
transparent and independently verifiable. That would be by the California Climate Action 
Registry. And it’s really tough to do that.  
       There’s another CRRA policy being pushed by one of the technical councils. Linda 
Christopher of GRRN supports the policy of keeping organics out of landfills by 2012; a 
ban on organics, known as the Cool 2012 Campaign. Compost all organics and keep them 
out of landfills. And if that happened (and this is a great idea), there would be no 
additionality. So, as a trade association, CRRA has got to make a decision. Do you want 
to keep on mandating stuff and push it through, or do you just have policies and just wait 
for some carbon credits, maybe, that could happen later. CCAR is tough with regards to 
developing recycling protocols with regards to what is an operational area. The question 
becomes, who gets assigned the credits? There’s a long list of things that you have to 
look at.  
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Here, on slide 51, we’re looking  at additionally. Additionality can vary over time. There 
would be other bills in California, SB1020 or others, that could kill additionally. It could 
take three to five years to do, because it’s very complex. It’s huge, complex with regards 
to even getting your arms around the operational area. You know, do you account for the 
export of recyclables overseas to China? How do you account for that? Different energy 
mixes? Double counting. So, if you reduce on energy use, say electric, the electricity 
sector may want to get that credit. As part of the CARB Scoping Plan, 80 percent of the 
CARB Scoping Plan, of the reductions, will be regulatorily driven. That’s the cap. So 
we’re definitely capping it. The cap and trade?, we can cap 80 percent of emissions and 
that’s through all the different sectors. That will be regulations that’ll be rolled out in 
2009 and 2010,  to be enforceable by 2011, with mandatory reporting and enforceable 
caps. That’s a strong statement; eighty percent will be capped. The other 20 percent is 
cap and trade, where they can do different types of carbon credits. And the 20 percent is, 
you know, that’s going to be rigorous with regards to passing the CARB and CCAR 
compliance test on who gets the credit? What is a credit? And that’s one of my fear 
factors; if we try to wait to develop recycling protocols based on what could happen 
down the road, and not work on these models today, and put all the resources on who gets 
the carbon credits versus assessment today, we’ve got to put our time and energy by 
having the standardized assessment tools, so that we can model these programs.  
 
SLIDE 52:   



 
 
So, who gets the carbon credits? I’ve been at the table in Sacramento for 15 years, and if 
you’re not at the table, you’re part of the menu (that’s one way to look at it). Right now, 
the low-carbon fuel producers are under regulations; anything above that 10 percent 
carbon intensity by 2020, the fuel producers are going to get the credits. Whichever fuel 
producer makes a B-20 or the E-15, anything above the 10 percent carbon intensity, they 
get the credit. 
        I believe that domestic manufacturers should get the carbon credit. In the state of 
California, if you’re making plastic lumber, you should get the carbon credits. And 
you’re making a choice to use a recycled product.  
       Right now I’m at the table with the biomass energy guys; they want the carbon 
credits from all of the wood chips you guys make. Local government thinks it should get 
the carbon credit because local governments issue the franchises Some of the haulers 
want the carbon credits for their MRF. Everybody wants the carbon credits, but, you 
know what? There may not be any carbon credits, if we don’t pass the additionally test. 
And I don’t think carbon credits are to be had. But if they are to be had, whatever benefits 
there are will be part of the value chain for that commodity. So, whatever that commodity 
is, and if there are any carbon credits to be assigned, everybody wins. One thing they’re 
trying to avoid in Sacramento is a turf battle, that every meeting starts out on who gets 
the carbon credits versus designing the program for assessment and base lining the 
metrics. Early action. So, we get lost. The whole thing is lost on elbowing for carbon 
credits versus doing things we should be doing now.  
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Now, in summary, back to Carbonopoly.  I say we get a pass at “Go” and collect our 
recyclables. That’s part of the Monopoly that we’re playing up there in Sacramento.  
       1. We can do major carbon footprint reductions on direct and indirect emissions; we 
have the factoids to document that. CCAR is a good model to model reduction of fuel use 
and going to B20 and E15.  
       2. AB32 and the Scoping Plan is great opportunity for industry with regards to low 
carbon fuel, solar rooftops, making biomass chips to send off to the biomass plant. People 
have been very critical of the CARB Scoping Plan, but on a big picture, what it does is 
huge opportunities for our industry; huge. Right now there may be less recycling at the 
curb, but recycling's every place within the CARB Scoping Plan.  
     3. We need to develop the tools today for recycling for both program design and 
CEQA assessment.  
       4. Do not delay early action. People are sitting around wanting to delay early action. 
They’re delaying different programs, because they want to get carbon credits later. Don’t 
do that. We need it to start right now.   
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Thank you.  
 
MODERATOR KATE KREBS: Before our next speaker, I just want to remind people in 
the room and people on the Web that you can ask questions. And now, Lisa Skumatz. 
 



 
THIRD SPEAKER: LISA SKUMATZ, ECONOMIST, SKUMATZ ECONOMIC 
RESEARCH ASSOCIATES:  
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I’m Lisa Skumatz, and I’ll be talking about what provides the biggest bang, comparing 
the carbon footprint effects and the cash costs from recycling (or diversion)  programs 
with energy efficiency program results. In this case, we’ve been using modeling work to 
develop policies and to look at program and portfolio development for communities. And 
we wanted to walk you through some of those examples.  
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Specifically, we’re going to be looking at first, measuring the value of emissions impacts, 
then comparing the costs to reduce one metric ton of carbon equivalent – (and I’ll 
probably be using carbon sort of as a shortcut for that kind of term throughout this talk). 
Then we’ll be looking at the comparison of cost-reduced carbon from different initiatives,  
and, finally, developing some implications.  
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One of the things that is a really key part of when we're delivering our programs, while 
we mean to deliver certain kinds of effects, we also deliver a whole host of other effects. 
These are the omitted impacts that come from the programs that we deliver. Those 
programs and activities deliver direct and indirect effects: the direct effects from a 
recycling program might be diverting tons from a landfill, but some of the indirect effects 
might be the tons upstream that has been alluded to before, the air and emissions impacts, 
and also impacts at the household level.  
     We see impacts delivered to the participant of the program, to the deliverer of the 
program (that might be the solid waste agency), and to society at large or, as it was 
referred to earlier, communal impacts. Those kinds of impacts are really important, and 
they’re indirect and not what we usually pay attention to when we’re delivering our 
program.  
     The reason I got into this kind of analysis and concern about what are these outside 
impacts is because I spend about half my time working in the energy field. And in the 
energy field, we see a lot of these kinds of impacts. When you’re talking about what’s the 
impact to a participant in an energy efficiency program, yes, it’s more efficient lights or a 
new kind of manufacturing equipment, but there are indirect effects to them that include 
things like greater comfort, greater productivity, and other things like that. All these 
things are hard to measure, but they’re not impossible to measure, and they’re really 
important.   
       Landfill reduction programs or diversion programs similarly deliver savings and 
emissions, obviously, it’s very direct also for those kinds of emissions savings coming 
from energy programs. And that’s kind of how this got started.  
       One of the things that, as an economist, I can’t help but argue is that monetizing 
makes a difference. We’ve tended to track our things in tons, tons diverted, that sort of 
thing, but if we take that step of going to dollars as well, those dollar values help give 
value to the benefits from our program, to really help people pay attention. You’re getting 
beyond flag-waving; you’re getting beyond the sort of comparison of apples to oranges 
into something that’s apples to apples, dollars to dollars. And it allows us to figure out a 
better cost-benefit analysis, it lets us use some information and what people really value. 



You can market those things that people really value. You can look at a portfolio 
approach, trying to achieve goals. And you can go beyond some sort of fluffy 
measurements into something that's hard measurements, but not consistent measurement.  
        So, when we started looking at how are we going to go ahead looking at the kinds of 
omitted effects that we are getting, I wanted to start with a particular solid waste 
program. And not shockingly, I decided to pick pay-as-you-throw [known as PAYT] as 
an example. Why did I want to pick pay-as-you-throw as an example? One, because 
we’ve been studying it quite a bit. But two, it has a very strong impact at the landfill.  
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All the research that we’ve been doing shows that, if you put in a PAYT program, you’re 
going to save about 8 percent; that’s the smallest piece of pie on the left. On the right side 
I blow up the 8%; eight percent of the trash from the residential stream that would have 
gone to the landfill disappears; about a third of that material goes to recycling, a third of 
is going to composting, and about a third of it is going to be diverted into source 
reduction or waste that doesn’t happen in the first place. You look at this graph, it’s 
meant to say, if commercial disposal is between 40 and 60 percent, and the remainder is 
residential, then you see a pretty significant cut out of the whole disposal stream from a 
pay-as-you-throw program. So, this data led to one reason for considering pay-as-you-
throw as our first example.  
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These are the numbers from Slide 58 that I just mentioned.  
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Thousands of communities have pay-as-you-throw programs. And when you’re talking 
about something that thousands of communities have, any impact or analysis has a direct 
meaning to all those thousands of communities.  So, what we did was a number of steps. 
Back in about 1999, we had a source reduction project that we did partly for USEPA; it 
followed on the greenhouse gas and energy implications work that we had been doing 
previously starting in 1994, we had developed models that have been updated over time. 
What we did the first step was, we looked at the quantitative effects from the pay-as-you-
throw impact, and that included 1) the population covered by the programs at that point in 
time, 2) the disposal tons (what was being put into a landfill), and 3) what the diversion 
would be from that landfill, and into recycling, composting and source reduction. We 
then took USEPA’s WARM model, and using USEPA’s WARM model, we were able to 
estimate the emissions changes from the sort of base case (which was not pay-as-you-
throw) to the new, pay-as-you-throw, situation. We then used the valuations from the 
energy model that I mentioned, called the NEBIT model. But in any case, we have a lot 



of information on sources, about 30 different sources for emissions values at that time, 
and we gave value to the emissions.  
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On slide 61, we talked about that. And we used sources that were both regulatory in 
source as well as environmental in source, to try to get the range of what kinds of 
valuation might people be putting on these avoided emissions. As a result, we calculated 
metric tons reduction in a number of constituents for greenhouse gases, and we valued 
the ones that we could find values for. When we computed that all and backed that up to 
how many tons were diverted from an installed pay-as-you-throw program, we found that 
it added a premium of perhaps $1 to $6 per ton, which was a pretty conservative estimate. 
And we tried specifically to be conservative, and not make an extreme case, but make a 
very valid and believable and, you know, comfortable case for what kinds of values you 
might be seeing.  
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We then did an updated analysis of those numbers in 2006. We did another count of how 
many communities had pay-as-you-throw programs and we tried to figure out what did 
that mean. What were we seeing with the new values for emissions, with the new count 
of communities, and so on?  So, we did a new analysis, and we found that about 7,100 
communities around the U.S. had pay-as-you-throw, and about 75 million of the 
population was covered by those programs. We looked at the generation that was 
produced, and we used a number of sources for that. We used our diversion estimates of 
about 17 or 18 percent reduction, with a third to recycling, a third to composting, a third 
to source reduction. And we then used the WARM model to estimate the emissions 
effects of that diversion, so the base case and the scenario. Certainly, there are pros and 
cons to the model, as Dr. Morris pointed out and again, I think, that the numbers that are 
in there are conservative. So, what we did then was, we valued the emissions that came 
out, and we used the values in this particular case from the Chicago Climate Exchange.  
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We found that there were a number of direct impacts from adopting PAYT such as fewer 
BTU, fewer carbon equivalents, and so on.  
  
SLIDE 64 and 65:  



 
 
These two slides: When we looked at values from the Chicago Climate Exchange, and 
also from other sources, we saw values at that time between $4 and $5.50, in that range. 
When we computed that all back and tried to figure out what does that mean for a 
premium per ton, above and beyond the landfill disposal savings, we found a premium of 
around $4 to $11 per ton on the landfill tip fee savings.  
 
A large part of my work in the energy field deals with attribution, trying to figure out 
who gets to take credit for a light bulb put in place, that sort of thing. Attribution is a 
really key thing. So, who’s going to get these savings? How do you figure out whether 
you get them, or the people upstream? It’s a little bit tricky. And so, valuing this tipping 
fee addition is not sort of the be-all and end-all of all uses of this kind of work.  
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As I mentioned, one of the things that I do is, I work in a couple of fields. Because of 
that, I have sort of a portfolio approach, and looking at, gee, if we’re trying to achieve 
some green goals, how do we figure out where we ought to be spending our dollar, 
spending our time, spending our effort. And so, thinking about it from a portfolio point of 
view, you might look at this greenhouse gas emissions. Here you have a U.S. greenhouse 
gas emissions table from 2005 that shows where the greenhouse gas emissions seem to 
come from. And you’ll see that the big bangs on this chart are from electricity production 
and transportation. When you look at waste, you see a sad little three percent slice, which 
is kind of small; I thought, gee, that’s kind of depressing.  
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I think that’s depressing. But, you know, as I mentioned, though, one of the things that I 
work on is energy and looking at hard-to-measure effects. And I wanted to check out and 
say, you know, does that graph, does that pie chart define the way we should be moving 
forward in policy? Maybe not, is sort of where I wanted to find out. So, I thought I would 
look – and as an economist, one of the things I look for is cost effectiveness and cost 
benefit, and that sort of thing. And so, what I thought I would do is say, does that graph 
translate to policy?  
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So it occurred to me that I would try to figure out what do we get, in terms of delivering 
an equivalent amount of greenhouse gas reduction (carbon equivalent reduction) by 



spending  money on an energy program rather than or different from spending money on 
a diversion or a recycling program? We were running a lot of numbers, trying to help 
some of our clients measure the broader impacts of the green goals that they were 
approach in trying to reach, how exactly do we measure this stuff?  
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We have a lot of data on costs for energy efficiency programs from all around the 
country. We’ve evaluated programs from the Northeast to California, all over the 
country. So we assembled a lot of that information to figure out what kind of cost do we 
see per kilowatt hour to associate with energy programs. We used some emissions 
information from peer reviewed articles, but we made sure that when we were talking 
about peak load programs, we were using peak load marginal mix of power, and when we 
were talking about base load programs, we were talking about the appropriate mix of 
production for those base load programs. That is, when you’re talking about air 
conditioning, you’re talking about a peak program, and you’re looking at that marginal 
source of energy - that might be natural gas. When you’re talking about shell measures, 
you’re talking about insulation, windows, et cetera, you’re talking about a base load thing 
- that might be a base-load coal plant. So, those kinds of things are important in figuring 
out how many emissions you’re getting from a certain project, in what levels. So, we 
used different mixes of generating plants. And for the different utilities we had a mix of 
coal versus natural gas and average aging of the generating equipment, and so on. We 
used our model to figure out, filled it with a lot of secondary data, trying to model the 
greenhouse gas impacts and the cost. That gave us a cost for reducing per metric ton of 
carbon dioxide equivalent.  
 
SLIDE 70:   



 
 
Then we looked back at the trash and recycling side, and we said, OK. Now, we know 
what it costs to deliver a pay-as-you-throw program. We know what it costs to deliver a 
recycling program. We’ve done those numbers for many communities around the 
country. And so, what do we see for those numbers? And then we went through and 
figured out the cost per ton for delivering that program, using the WARM model effect 
results to figure out a conservative estimate of the diverted carbon. 
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At the end of all our work we came up with this table.  Of course there are many 
programs underneath this, but I thought I would simplify it for this presentation to make 
the main point.  I pulled together averages from a whole bunch of different programs 
around the country, and while we have dollar values in the underlying work, here we 
present it as multiples, so you get an idea of just how much difference there is between 
the costs rather than getting hung up in exactly what the dollar value is.  



       We first looked at commercial energy efficiency programs as our base. So, let’s look 
at that. And so we said, OK, the cost for an energy efficiency program on the commercial 
side we’re going to say is one – one unit. (Whether that $1, or a hundred dollars, it’s not 
terribly critical right now. So, in the last column we see that a commercial energy 
efficiency program costs about one unit. If we want to reach the same carbon reduction 
through a residential energy efficiency program, that’s going to cost us about three times 
as much as it does to deliver that same reduction in greenhouse gases through the 
commercial program. If we looked at wind and we look at photovoltaic, we see those 
numbers are currently higher than the two types of energy efficiency programs – not 
shockingly, given that avoiding something is often cheaper than making new. So, then we 
go down to the blue part. And the blue part tells us these similar kinds of numbers for 
curbside recycling, pay-as-you-throw. And we’re working on prevention and reuse, yard 
waste, and we’re also working on some water and transit programs – transportation 
programs. But this gives you an idea.  
        When we went to the curbside recycling program, we found that, actually, with 
curbside recycling, to deliver the same kind of carbon reductions, we’re seeing a cost of 
about two-thirds of the cost of that commercial energy efficiency program. And we look 
at pay-as-you-throw, we see it’s on the order of a third or less as costly as it is to deliver 
those cheapest energy efficiency programs that we’re seeing delivered in the marketplace 
readily now.  
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This is probably the most important slide in my talk. When we tried to illustrate this 
disparity graphically (those two tall bars are for wind and PV and they're cut off at seven; 
they're quite expensive), but if you look at the costs of residential and commercial energy 
efficiency (on the left side), as valuable as they might be, they're more expensive, more 
cash out of hand per GHG reductions, less bang for the buck, than curbside recycling or 
pay-as-you-throw.  
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And, of course, there's other things to look at besides actual program cost. When we’re 
looking at delivering GHG reductions through an energy efficiency program rather than a 
diversion or recycling program, we have a difference in speed and timing. Let’s look at 
that.  
       If you want to put in a pay-as-you-throw program, you can do that quite readily. You 
can put in an ordinance that says, haulers, you shall put in pay-as-you-throw, and you’ll 
see it happen pretty quickly. We’ve put in pay-as-you-throw programs in communities 
around the U.S., and those programs have gone in as fast as three months and routinely 
less than a year.  
       When you put in an energy efficiency program, it’s quite a lot longer. There’s a 
process, time needed for program delivery. For energy efficiency, there’s going door-to-
door; all that sort of stuff. It’s quite different in timeframe. What we found, in fact, when 
we’ve been working with some clients, one of our clients in particular found that, when 
they had established a greenhouse gas goal, they put together a whole bunch of programs 
to try to reach that: some transportation, some energy, some solid waste. And what they 
found after a five-year assessment was that 40 percent of the progress they had made 
toward reaching their greenhouse gas goals had been made through their recycling 
efforts, not through their energy and other efforts. That was not expected, when you look 
at that slice that tells you three percent.  
       Coverage is another issue. When you put in a pay-as-you-throw program, when you 
put in a curbside recycling program, and other types of programs, you find also that you 
immediately cover all the households in your area. Everybody in your town gets to help 
contribute toward diverting greenhouse gases. Everybody in town gets involved. The 
businesses get involved when you put in a commercial program, unlike the slow buildup 
that you often get from energy efficiency programs, where you do a few audits, you do a 
few more. It takes time.  
       Finally, another really important point is the authority. Counties and cities in 
particular and towns have authority over solid waste in most areas. They may not have 
invoked it, but they often have that power, at least at some level through their health and 
safety, their police powers, et cetera. That’s not always the case for energy. Energy is 



routinely delivered by a third party energy utility, investor-owned or public, or whatever, 
but not the city or county. And so, this is something where you have direct authority.  
       Retention – or, that is, how long will these savings and so on last – that’s an issue 
that hasn’t been well studied, nearly well enough studied in either energy or in recycling. 
So, I’m just going to leave that for now. It’s something that is a real pet peeve of mine.  
       So, if you had looked at that other graph (Slide 71), you would have seen one column 
that relates to how expensive it is to implement these options. The other column shows 
you the relative time it takes to implement the program.  The main message is that you 
have a chance to implement pay-as-you-throw and recycling and diversion programs 
really quickly, and in many cases more quickly than you see a lot of energy programs go 
in.  
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I wanted to mention some of the other impacts that go beyond the direct impacts. These 
results that I’ve pointed out are fairly conservative and, from a number of points of view - 
one of them being that the methane impacts are very important. As others have 
mentioned before, these waste-reduction programs are very front-loaded and that’s really 
important; it’s the solid waste programs that hit the methane, not the energy efficiency 
programs - they don’t do so much.  
       One of the things that I’ll show you in a slide coming up is the production effect, 
emissions effects that are many times more important than the disposal emissions effects. 
That information comes from David Allaway’s work at the Oregon DEQ; some of the 
numbers I’ll show you provide even more impact. They resonate more for me than 
saying, "OK, you saved this or that."  I’m certainly impressed by 95 percent of the energy 
savings for producing a new aluminum can are saved when you use recycled content, but 
there are some numbers that I’ll show you in a second that are pretty compelling as well. 
The energy savings upstream are much more important than the landfill diversion. And I 
think it’s really important for us not to just keep thinking about that three percent 
number; the impacts of proper materials management are far and above what happens at 



the landfill. Some of these effects have been demonstrated through some revised 
accounting that the EPA has been putting together. I’m going to defer to the next speaker, 
Joshuah Stolaroff, who’s really an expert on this and has updated this number, in fact, 
beyond the numbers that I received.  
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This is what we’re working towards. If you look only at what goes into a landfill, this is 
the end result of the production of goods and materials. Under this new accounting 
system that Allaway and Stolaroff favor, which has a different way of accounting for how 
energy and how greenhouse gas emissions are done and the sort of accounts exist beneath 
it, you find that "provision of goods and materials" is as large or larger than building 
energies or adding transportation together, and so on. Our little three percent slice is very 
likely not anything like the three percent when you look at it in this new, better,  and 
improved way.  
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These are David Allaway’s numbers (Ed: Day 1, Slide 26 with some variations) but 
they’re significant. We all know that if you recycle an aluminum can, you save 95% of 
the energy required to make that same can from all virgin materials. What David Allaway 
did was to calculate the number of how many miles could you truck that can before you 
were spending more energy to recycle it than to make it from scratch. He also looked at 
putting it in a rail car or moving it in a ship. Here on the chart, if you trucked that 
aluminum can 121,000 miles, you would still come out ahead. That’s how important 
those upstream savings are. That just gives you an idea of just how important recycling 
can be; it’s not just about the landfill.  
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In conclusion, you can measure the effects from greenhouse gas reductions. Our 
preliminary work shows that you get millions of tons in emissions savings, millions of 
dollars in savings, and you get some calculable premiums for the landfill diversion, sort 
of on top of landfill diversion amounts, to account for those emissions benefits. But more 
importantly, you can also compare the cost to achieve greenhouse gas reductions from an 
array of programs. When you’re trying to figure out in your portfolio where should you 
be, what should you be pushing, what should you be doing, you'll find that recycling is 
cheaper than energy conservation for some programs, and it’s cheaper than renewables. 
It’s faster to implement. You get greater coverage. More people are affected. More 
people are involved. And you have the authority to do it in most cases, where you don’t 
always in some of these other important, but maybe not quite as cost-effective, options 
that you could be putting in. Recycling and pay-as-you-throw and presumably some of 
the other programs that we’re investigating, these are really early, big bang, programs.  
     When you’re talking about the broader economic context and you try to make the case 
for diversion, one of the things that we’re seeing is that if you look at waste as three 
percent of the emissions pie, you find that a lot of the talk about how are we going to hit 
our green goals goes on without the recycling folks at the table. The energy folks, the 
transportation folks, they get to sit at the table because they’re seen to be big pieces of the 
pie, but these results show that we really need to be at the table, our programs need to be 
considered among the first batch that you put out and put in place. We don’t need to 
apologize for being at the table; they should be happy to have us there.  
 
In fact, we have information enough now to know that waste reduction and recycling 
should be a key part of any long-term greenhouse gas strategy. If you’re interested in the 
report that’s behind this claim, it’s almost done, and I’d be happy to send it back to 
anyone who e-mails me a request for that report.  
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Thank you very much.  
 
 
 
 
  



FOURTH SPEAKER: JOSHUAH STOLAROFF, SCIENCE AND TECHNOLOGY 
FELLOW, AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE:  
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Good afternoon. I’m Joshuah Stolaroff. I am a science and technology policy fellow with 
the American Association for the Advancement of Sciences, and I’m working in the 
USEPA’s Office of Solid Waste and Emergency Response. My disclaimer is that I’m not 
an official EPA employee so my views are not those of the agency. However, I have led 
development of a lot of estimates that I’m going to show you as part of the development 
of the climate change strategy for USEPA’s Office of Solid Waste and Emergency 
Response. That office is concerned with (broadly) three things, which include 1) 
materials management, like recycling, and most of the things we’ve been talking about 
here at this conference, 2) land cleanup, revitalization and reuse policies, (land recycling, 
if you will), and 3) emergency response and preparedness. Today I’m going to talk just 
about those first two things.  
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Today I will try to convince you that these two statements are true: One, “materials 
management and land management make up a significant share of greenhouse gas 



emissions,” and, two, “changes in materials and land management practices can make 
significant reductions in greenhouse gas emissions.” These are points that have been well 
made in a couple of the talks you’ve just heard; if you’ve listened to the other days in this 
series, like David Allaway’s talk [Day 1, Speaker #1], you will understand these points 
already. But I’m going to try to get you to take a little bigger picture, and to have you 
think of materials management as part of a larger story.  
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That larger story is what we call “prevention-oriented approaches,” although you may 
know them by many other different names such as green design, life cycle analysis, 
industrial ecology, design for environment, sustainable consumption, or energy efficiency 
approaches. All of these things are really trying to do similar things, which is that you 
meet the same human need with lower demand on resources and a lower impact on the 
environment. One of the advantages of all of these prevention-oriented approaches is that 
you tend to make emissions reductions at lower cost and you tend to get other 
environmental co-benefits while you do that.  
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If these prevention-oriented approaches are important to you, one of the things that you 
need is what I’ll call systems-oriented thinking. And that includes life cycle analysis, and 
it includes consumption-based accounting, which I’ll talk about later. But in 
understanding how materials management fits with greenhouse gas emissions and overall 
climate policy, it’s first good to take a look at the conventional perspective.  
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This is a typical portrayal of greenhouse gas emissions as commonly shown in the U.S. 
greenhouse gas inventory; I call this the sectors view. This method allocates greenhouse 
gas emissions at the point that they’re emitted, so if they’re coming out of an electric 
power plant or out of a vehicle, that’s the category they fall into. The larger story from 
this kind of picture is that, if you control emissions from electric power plants and from 
vehicles, then you really got the majority of greenhouse gas emissions. And if you 
include industry in there, then you’re getting pretty close to the whole picture. This is a 
useful view for targeting end-of-pipe solutions, which is, if you’re looking at the place 
where the emissions are coming out, if you change that process so they’re not coming out 
there anymore, that’s an end-of-pipe solution. And so, carbon capture and sequestration 
at electric power plants is an example of that.  
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Another method to make reductions sector-wide would be technology substitutions or 
process changes; so hybrid electric vehicles can help you get at that transportation slice. 
But when you look at this picture, it's not obvious where materials management or land 
management would fall.  
       And in particular, as we heard about waste (which is not usually on this chart, but if 
it were, it would be a three percent slice),  that’s not really showing the activities of 
materials management, which, although they do reduce emissions from the waste sector – 
for instance, composting does that – they also reduce emissions from many other sectors. 
Like aluminum recycling will reduce electricity use and those emissions.  
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We have now developed another perspective of greenhouse gas emissions which I call 
the systems view of greenhouse gas emissions, where we looked at what systems or what 
applications are driving the emissions. And there are a lot of different views you could 



construct a model based on systems, but this one is chosen with land management and 
materials management under consideration in particular. The story that you get from this 
chart is that the provision of goods and materials (and if you consider food a material, 
which in many ways it is) account for about almost half of total greenhouse gas 
emissions. Various categories associated with land management, like the emissions from 
clearing land for new development, which is part of the new land development slice, or 
the emissions from local passenger transportation, which is affected by our local land use 
planning, those also are a part of land management; they make up a significant share.  
     And also, this faded outer ring in the pie chart, labeled the natural land sink, represents 
emissions absorbed by natural lands, primarily regrown forests. And it’s important to 
think about that as part of the overall greenhouse gas picture, because that’s offsetting a 
significant share of our emissions at 11 percent.  
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The systems view is useful for targeting prevention-oriented strategies, because 
prevention- oriented mitigation tends to reduce emissions from a bunch of different 
sources, but they do act on a particular system. And so, if you take this perspective and 
you say, OK, land management practices and materials management practices influence a 
pretty large share of greenhouse gas emissions, the next question is, can changes in those 
practices reduce emissions? Let’s look at the next slide.  
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This is a breakout of the “provision of goods and materials” slice; you can see that the 
emissions come from a bunch of different sources: you’ve got industrial sector fossil fuel 
combustion, there’s electricity used by the industrial sector, you’ve got process emissions 
in industry like non-CO2 greenhouse gases, you’ve got emissions from freight moving all 
of the materials around from place to place, and, finally, from waste, including landfills. 
Then there’s an adjustment to account for some of those emissions that are in other slices, 
and what you end up with is close to three billion metric tons of CO2 per year that’s 
attributable in this provision of goods in the materials slice.  
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If we look at the new land development slice (and this includes some new research as 
well as recompiling existing data) you can see that this story looks a little different; some 
of these emissions are not included in the U.S. greenhouse gas inventory. We’re actually 
dominated by the biogenic carbon, that is, lost soil carbon, lost (above-ground) biomass 
and lost dead organic matter [DOM] when you clear land for development. There’s also 
emissions from building roads and sewers and pipelines. 
       If you add all these things together, the emissions from clearing land (roughly 2.2 
million acres per year of land in the U.S. is cleared for development) that comes out to 
about five percent of total emissions. A very rough number. Maybe it’s two percent, 
maybe it’s six percent. This is a first-cut analysis. But the point is that it’s significant on 
this scale of our total greenhouse gas emissions, that land development should be 
considered in our greenhouse gas policies. And so, if you think about the potential for 
land recycling, this is sort of the maximum potential, if you most efficiently managed to 
reuse land instead of clearing new land for development, this is the size of the emissions 
slice that you’d be able to squeeze, if you will.  
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This slide is our rough analysis of the technical potential of a bunch of different materials 
management mitigation opportunities. This is a scoping analysis, looking at what 
technically might be possible. What happens if we do all of these things? What sort of 
ordered number are we looking at? Is it big enough to worry about? And that’s really the 
intention of these calculations. And most of these are based, they’re extrapolations of 
information in the WARM model.  
     But going down the list here, we can see that, if you source reduced 25 percent of a 
whole bunch of stuff that’s covered in the WARM model, including cans and plastic and 
consumer paper, depending on how such a huge change in materials use affects forest 
management, your reductions range between 30 and 100 million tons of CO2 reduction 
per year. Or, as sort of an alternate take on a similar change to the materials system, if 
you reduced packaging use overall by 50 percent, then you could make 150 million tons 
of CO2 reductions per year. Again, this is compared with the total of 7,000 million tons 



of CO2 emissions; not gigantic but still significant on that scale. And actually, they 
compare with other greenhouse gas mitigation policies that are frequently discussed on 
the sort of national policy scale.  
     So, for instance, if any of you have seen the report from McKinsey and Company 
entitled “CO2 Emissions Reductions: How Much at What Cost?” – a very influential 
report where they tried to go through every sector of the economy and looked at where 
could you make greenhouse gas reductions between now and 2030 for costs that are 
reasonable. One of the sectors that they found you could get 60 million tons of reduction 
from building shell improvements, so, essentially, from improving the insulating capacity 
of buildings. Or cellulosic biofuels, if you made those work and used them up to their 
economic potential, you could make 100 million tons of reduction.  
     These are things that are frequently discussed as part of climate policy, and they’re on 
the same order of magnitude as reductions that you could potentially get from materials 
management changes like recycling. On the other hand, these numbers are not so big 
compared to that three billion tons of total emissions from provision of goods and 
materials that we saw in the pie chart. So, there’s still a connection to be made. And this 
is a challenge for the recycling community, or for the materials management community 
more broadly, is that it’s not just about recycling. If you go and recycle essentially 
everything you possibly and/or economically could, you’re still a pretty far step from that 
3,000 million tons potential. And so, you have to think about other strategies, too, which 
include source reduction, changes in which materials are used, extending product 
lifetimes, service sizing, all sorts of more advanced things. And those are more 
challenging activities to assess the potential of. And so, that’s something we continue to 
work on, is how do we think about the more advanced materials management practices 
and the reductions possible from those? It’s important to keep a perspective on both 
sides: recycling matters on the scale of national greenhouse gas policy, but, if you want to 
think about materials management broadly, it’s also not the whole story.  
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So, another thing we’re interested in for the OSWER climate strategy is, what are the 
effects of land management policies, in particular for us, land recycling policies, again, 
doing the same technical potential sort of calculations. You know, if you went out and 
did all of this stuff, is it big enough to matter? And to answer those questions, we first 
had to figure out how much contaminated land is out there. It’s sort of the equivalent to 
how much material is currently going into landfills – which was not an easy question to 
answer. But looking at just the databases that we have available in EPA, we find that 
there’s about 17 million acres of contaminated land out there, which is roughly the size of 
West Virginia. And a lot of that is remote, abandoned mining sites and other places that 
are not where you would imagine developing houses on. And so, part of the question is, 
what can you do with urban sites to recycle them into new housing, for instance? But 
then, what do you do with all of these remote contaminated sites that may be lying barren 
after being mine scarred and have nothing growing on them? Is there something useful 
you can do in climate terms with those sites?  
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In this slide we look at some of the opportunities for the land revitalization. Implied in 
our pie chart calculations is the potential for urban land recycling, which is in the 
hundreds of millions of tons. 1) There’s a lot of acres of abandoned mine lands that could 
be reforested; a very rough estimate of the emissions you could offset by doing that is 
about 80 million tons per year. 2) If you looked at all these 17 million acres of 
contaminated lands and took all the ones that are on solar class six and seven sites, and 
put utility-scale solar on them, you could almost have enough electricity to power half of 
the country.  3) There’s a similar calculation for wind; if you took all the wind class five 
and six contaminated sites and put windmills on them, you could get 30 million tons of 
reduction by offsetting fossil fuel (using the current mix of fuels making electricity). 4) 
As we clean up all these sites, which tends to be an energy-intensive process, if you make 
the cleaning process more energy efficient, there’s four million tons out there to grab.  
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I have three points to make here:  

1. You can’t look at the conventional sector pie chart and figure out where your 
prevention-oriented policies are going to be; you have to figure out where are the 
systems.  

2. When you look at the whole system and say, how do I make this system more 
efficient? (cutting across all of the various sectors that make it up), then you can 
figure out the scale and the benefits of those policies. You can use technical 
potential calculations like these; the OSWER Climate Strategy is slated to be 
public in September, and at that point, hopefully you’ll be able to see the 
methodology for these things, but certainly contact me if you’re interested in 
details. [Ed: This is the book listed in the afterword at “Items Since the Webinar,” 
Item 10.] 

3. This is the kind of process that can be applied across any scale or strategy. If 
you’re a locality, and you’re looking across your options, the first-cut analysis you 
can do is, well, if I went and changed all of the zoning regulations this way, what 
would be the technical potential reduction from that? So, the technical potential 
calculations are useful for scoping out potential policies. The analysis, the sort of 
systems-oriented pie chart, can be done at a lot of different levels. It can be done 
for a city or for a state, or, in this case, for the country. And I’ll give one example 
of extending this analysis.  
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In the previous chart I followed the US GHG inventory and showed only domestic 
emissions. But you can imagine that if we account for emissions based on consumption 
rather than production, if we think about all of the goods we consume in addition to all of 
the activities that we do domestically, and the emissions associated with those systems, 
and then we subtract the things that we produce that are consumed elsewhere, then you 
get a consumption-based accounting.  I put our analysis together with some numbers 
from the Weber and Matthews paper cited at the bottom there, to figure out what does 
this picture look like, if you include international emissions for producing goods we 
consume here, and then subtract out emissions from goods we export.  
       What happens is that the goods and materials emissions increase by about a third and 
that makes the goods and materials take up an even bigger portion of the pie. Because we 
export more food than we consume here, food emissions decrease slightly. But overall 
emissions increase 12 percent, with an uncertainty range of four to 18 percent. And in a 
sense you could say, well, you know, that’s bad to do consumption-based accounting, 
because it looks like we emit more. But on the other hand, the advantage of this is that it 
puts more emissions on the table for you to reduce.  
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So, if you’re a locality or a state, and you want to use prevention-oriented policies to 
reduce emissions, you need some sort of systems-based accounting to be able to see that. 
If you draw the border around your municipality and you don’t have a manufacturing 
plant there, but you reduce emissions by recycling that reduce emissions at a 
manufacturing plant, that’s not going to help you meet your climate change emission 
reduction goals, but if you have an accounting system that’s based on consumption, then 
those benefits of recycling will show up. And similarly, even looking at the whole 
country, if we have a policy that reduces emissions, say, by increased recycling of steel, 
but what that offsets is steel that we’ve imported from abroad, then those emissions 
reductions are not going to show up in our national reduction target.  
     There is a role of consumption-based accounting in that it puts more opportunities on 
the table, because a lot of these prevention-oriented strategies lower costs and have 
environmental co-benefits compared with end-of-pipe solutions. And the end-of-pipe 
solutions will always reduce emissions at the point that you’re targeting. So, if you’re a 
municipality and you do have a manufacturing plant, and you use an end-of-pipe strategy 
to reduce emissions from that plant, it’ll show up in your accounting, but with the 
prevention-oriented strategy, not necessarily.  
       That’s one reason why these things are useful. And I hope that it’s clear from this 
discussion that materials management, a lot of the materials management approaches, fit 
in this systems and prevention-oriented framework.  That’s all.  
 
 
 
 
 
 
 
 
 
 
 
 



 
PART FIVE: QUESTIONS AND ANSWERS OF THE FOUR PANELISTS:  
 
Q1. KREBS: One of the things that Jeff and I spoke of before the session started was 
some of the work being done in different communities. And in trying to approach 
community planning for recycling or composting collection infrastructure, what is the 
best model? I think you talked about a community up in Washington that you’re working 
with that's trying to really encourage recycling but thinking of going to biweekly 
collections of recyclables. One of the questions that came in was from a city in Southern 
California that turned down a weekly yard trimmings program and decided to keep 
collection at a biweekly level, thinking that truck emissions would double and they'd be 
picking up only half-full carts. Did they cut their nose to spite their face in trying to be 
more efficient?  
 
A1. JEFFREY MORRIS: Yes.  
 
Q1a. KREBS: So, what do we look at?  
 
A1a. JEFFREY MORRIS: To elaborate, I said it's a tenth of a pound of greenhouse gases 
per ton per mile. That’s sort of what we’re looking at, versus the big numbers that you 
save by recycling or composting more. So, if you decrease the frequency of your 
collection, you will decrease the amount of material you collect. If you don’t come by 
every week, and the garbage truck comes by every week, then, when they forgot the 
previous week, or they have something smelly that they don’t want to keep for two 
weeks, they’ll put it in the garbage. So, basically, if your recycling frequency (especially 
organics collections) is not the same as, or more frequent than, the garbage collection 
frequency, you’ll lose some tons. And losing those tons, you don’t have to lose very 
many of them before you’ve lost more greenhouse gases than you would incur by having 
the extra collection. So, “yes” is the answer.  
 
Q2. KREBS: I have one more for you. Which public model shows the most advantageous 
benefits of recycling? And which is the most widely used?  
 
A2. JEFFREY MORRIS: I have no idea which is the most widely used. I think our 
calculators has got more benefits in it, because that’s the way we created it. The publicly 
available models – you know, WARM is the only one that’s really publicly available, 
unless you build your own, as we’ve done. The decision support tool is not really user-
friendly and is not publicly available. You have to use it through Research Triangle 
Institute. So, I don’t think there is a comprehensive model out there, and that’s why we 
developed what we have. And we give it to people if they want to use it, but we don’t 
provide backup service for it. We don’t answer a million questions, but we’ll give it out 
to you, if you want to use it.  
 
Q3. KREBS: You said that recycling is everywhere within the CARB Scoping Plan. 
Where specifically? I don’t see it.  
 



A3. EVAN EDGAR: Recycling is collection, processing, and then the feedstocks for 
manufacturing. Thirty-eight percent of the emissions are transportation. And the number 
one aspect of the CARB Scoping Plan is to reduce direct emissions from transportation. 
And one aspect is to have low carbon fuels. And in order to have a B20 E15. If you’re out 
there collecting all of the material for recycling, the transportation sector is the largest 
greenhouse gas emitter. I like what Dr. Stolaroff said about taking a systems approach; 
that’s what I tried to do today in my presentation, what is a recycling systems approach? 
Ninety percent is transportation, 10 percent is facility energy use, and then the eight to 20 
times communal benefit is the recycling of feedstock. So, that’s a big part of it. With 
regards to the energy use, 10 percent of your energy is from processing recyclables. So, 
by processing different woodchips we can make bio energy out of the woodchips. And by 
promoting the RPS standard, we can have more solar rooftops, and we can promote 
reduction of indirect emissions through alternative energy. So, that’s a big part of it. And 
then, what they did leave their recycling, they have a protocol development. And that’s 
what I’ve been trying to do, but it stalled out in Sacramento because people start going 
for carbon credits from day one. They get in a food fight over carbon credits versus a 
simple assessment tool that Jeff is working on, that we’re working on, to get that front 
and center.  
       So, recycling is ubiquitous throughout all sectors, and I think the systems approach 
that Joshuah and Kate talk about captures the idea that recycling is more than just 
recycling feedstock. It’s manufacturing material overseas. They use energy, a different 
energy mix. It’s everywhere. While recycling as a sector does not exist, but as a system, it 
is very prevalent.  
 
Q4. KREBS: Got another one here for you. SB1020 is still pending; what is the status?  
 
A4. EVAN EDGAR: SB1020 is the Padilla bill. There’s some good language out right 
now. It calls for 60 percent disposal reduction equivalency by 2015 and 75 percent by 
2020. We tried to add language, like everybody else in Sacramento, to have this preserve 
carbon credits. We have some language, but I doubt it’s going to get any air play, because 
everyone else is trying to preserve their carbon credits while increasing mandates.  
       I believe that SB1020 will pass this year. Our trade association is supporting it; I 
think the governor will sign it. And I think it’s a good bill. And it kind of ties it to 
SB1016, the Wiggins bill, that shifts the accounting system away from percentages, 
where people have practiced waste generation inflation. We have consumed our way to 
resource conservation goals on a consumption pie chart, by, again, 54 percent, because 
we produced 13.4 pounds per person per day in 2006, to inflate our way to 54 percent. 
That’s a fallacy of percentages. And what SB1016 does, it has disposal-based accounting, 
where what goes into the ground, we’re actually 6.2 pounds per person per day disposal. 
The rest of America is about 4.5.,  Europe is under three. But even with their high 
recycling rate in California (54 percent) we’re still very high with 6.2 pounds per person 
per day. And what SB1016 does is have that accounting system be the indicator of 
success. And we couple it with SB1020, what it means is about 16 million tons of 
garbage will be recycled in 2020. It adds up to about 36 million metric tons of CO2, 
which in the CARB Scoping Plan, that would be all of the trade that’s left. The number 
one strategy would be 36 million metrics tons is in the CARB Scoping Plan for cap and 



trade. And if all what was recycled became a carbon credit, it would use up all of the 
trade.  
 
Q5. KREBS: Are there other things that CRRA can do to help with the work that’s going 
on in Sacramento?  
 
A5. EVAN EDGAR: Yes. I was encouraged and inspired by CRRA this year by hiring an 
executive director that can show up. I think they have good letter campaign writing skills. 
We used to have Gary [Liss] show up more often at the waste board or at the CARB. But 
I’m glad to see some letter writing campaign by Julie Muir, the president, is happening. 
And today was some good CORC workshops on organic aspects of it. But I think you 
need to show up; you need to be present to win.  
 
Q&A6. KREBS: How can individuals and organizations such as CRRA most effectively 
influence national climate change policy? Letters, calls, donations and to whom? I'm 
going to take this question. I think I said in my opening comments, the National 
Recycling Coalition is playing a great role in trying to make sure that all the parties are 
being heard on climate change legislation. So be sure you’re an NRC member. Watch out 
for those action alerts and participate, as they ask for calls for actions. I think Barbara 
Boxer will continue to play a key role as will Nancy Pelosi. They represent your state 
here in California. So, staying in touch with their field office is also important.  
 
Q7. KREBS: Questions for Lisa; the questions are both about pay-as-you-throw. If you 
could quickly just talk about what exactly is pay-as-you-throw. And the second question 
is, pay-as-you-throw can come in a variety of ways. Do you have a very sophisticated one 
in mind, such as scales on a collection truck and charging customers individually for 
weight? Or simply the larger the container, the higher the cost?  
 
A7. SKUMATZ: If I can, I’d like to take one second and first elaborate on one of the 
earlier questions. Jeff and I are both economists and you asked the question very 
narrowly, but I think that we need to look at one step about the question you asked about 
every-other week collection. And yes, I think that you’re absolutely right in terms of, you 
get a win in terms of your emissions by collecting more material, but don’t forget the cost 
side. And I think it’s really important to look at the fact that, if you collect every week, 
yes you’ll collect a couple of percentage points more material which has great upstream 
benefits and all that, but don’t forget that by going every-other week you’re saving about 
40 percent of the cost for the collection program. And that may free up money for you to 
add a whole new stream, add a collection of another material, all kinds of things like that. 
There are tradeoffs in economics and that’s the whole fun of it. And on the emissions 
point of view, that box, absolutely. On the broader scale, things aren’t so simple. So, 
anyway …  
 
Q8. KREBS: And defining pay-as-you-throw?  
 
A8. SKUMATZ: Well, pay-as-you-throw, what we’re talking about here is, instead of 
paying a fixed bill for unlimited collection, or instead of paying for trash and potentially 



recycling, but trash collection through your taxes, we break that out, and instead you’re 
ending up paying for your trash by the can, by the bag, some volume indicator. Some 
cities are bag or sticker systems (that’s very common in the Midwest and the Northeast). 
In the West we see most commonly can-based systems. So, people get issued a 30-gallon, 
a 60-gallon or a 90-gallon wheelie. And their bill varies, depending on how big that 
container is. And so, those couple of systems are very common. Hybrid systems are 
another option. But in any case, those are the main systems. I’m talking not about the 
garbage-by-the-pound program that we started, sort of initiated, piloted and now is being 
adapted by another place back in the ‘80s (ph). That garbage by the pound weighing on 
the backs of trucks, it’s practical, but that’s not even what I’m talking about. I’m talking 
about the bag-based or the can-based programs.  
 
Q9. KREBS: Mr. Stolaroff, one of the questions that came in that you touched on, that it 
would be great to have you talk a little bit more, is any work that’s being done on source 
reduction and calculating in source reduction from a greenhouse gas reduction standpoint.  
 
A9. STOLAROFF: Well, the WARM model does include estimates for the benefits of 
source reduction for every material that has the benefits of recycling. And typically, 
source reduction is better for the environment than recycling. And I’m sure, as we 
continue developing estimates for other materials and for new strategies, we’ll be looking 
to source reduction as part one of the primary strategies.  
 
Q10. KREBS: Could you explain a little bit more about the five NPL treatment 
technologies, and are they related to the top five contaminants?  
 
A10. STOLAROFF: The answer to that is, well, the NPL is the National Priorities List, 
so it’s a list of contaminated sites. The top five treatment technologies are related to the 
top five contaminants, if you will. Or they’re essentially the most energy-intensive 
technologies. So, if you improved those five, which account for most of the energy and 
most of the greenhouse gases used in the treatment, then that’s where that estimate comes 
from. That, along with the other estimates, will be detailed in the OSWER climate 
strategy when that is public in the fall.  
 
WRAP-UP WITH TIMONIE HOOD (USEPA): Thank you very much for participating 
in today’s West Coast Webinar on accounting systems, modeling and economic 
incentives. Speakers, thank you very much. Your presentations were incredibly 
informative and useful, and we really appreciate your contributions to this exciting field.  
 
THE END  
 
 



POSTSCRIPTS:  
 

1. DEVELOPMENTS SINCE THE WEBINAR:  
 
The webinar ended on August 6, 2008 and since that time there have been many 
developments in the field; your editor can’t hope to cover all of them but it seems that 
some of the major ones should be mentioned.  
 

1. Stakeholders assembled from webinar participants gathered in Seattle on 
September 11-12, 2008 and formed seven working committees. Second meetings 
are planned for December 1-2, 2009 in Sacramento, California  

2. December, 2008: California Air Resources Board upgrades Recycling and gives it 
a place in the state’s Climate Action Plan. Chairperson Brown of CIWMB offers 
last-minute approval. 

3. March, 2009: Sierra Club National Board approves a new policy opposing the 
development of landfill gas-to-energy systems. Stephanie Young’s comment in 
answer to question #4 on Day 2 indicated flares work better than turbine engines 
at destroying methane. Sierra Club position is that turbines are so much less 
efficient in many ways as to preclude their use. Confirmation for this position is 
also found in Jeff Morris at Day 3, slide 28.  

4. The Cool 2012 Campaign (mentioned in Liss, Day 2, at slide 78) is slow to gain 
momentum.  

5. There are no reports that ICLEI (mentioned in Liss, Day 2, at slide xx) is getting 
more recycling-friendly.  

6. USEPA has not yet officially modified its position on the methane effects of 
composting.  

7. The question of when landfills actually begin to create methane is not a point of 
agreement. Stephanie Young says (Day 2, slide 5) that methane starts forming one 
or two years after deposition of wastes; Sally Brown says (Day 2, Slide 27 and 
31) that methane starts forming within the first twenty days after deposition.  

8. July 9, 2009: USEPA holds second “EPA Waste Reduction Model Webinar, Part 
II” with presentations by xxxx, Jennifer Brady of USEPA and John Davis of 
CRRA. Only powerpoints posted as of late November. Renewed interest in 
recalculating the virtue of composting.   

9. Professor Rachel Morello-Frosch, an associate professor in the School of Public 
Health at UC Berkeley, says in her website, The Climate Gap, that increased 
GHG emissions have a more deleterious effect on communities of color and 
poverty than for dominant or favored groups.  

10. In September, 2009, USEPA publishes OPPORTUNITIES TO REDUCE 
GREENHOUSE GAS EMISSIONS THROUGH MATERIALS AND LAND 
MANAGEMENT.  28 pp. plus 64 page appendix. Big picture estimates of the 
impact of total recycling on USA emissions. Presumably Stolaroff’s concluding 
work  at USEPA.  

11. On October 15, 2009, IPCC Chair says that any rise in CO2 must stop by 2015 at 
xxx ppm. (CO2 is now world-wide at about 380 ppm.) 



12. On October 24, 2009, 350.org group in USA conducts hundreds of public 
assemblies throughout USA to call for deflation of CO2 levels to 350 ppm ASAP. 

13. On October 27, 2009, ISRI announces supports for increased recycling to reduce 
GHG emissions but wants only slow progress to keep markets for materials from 
getting overloaded on the supply side.   

14. Copenhagen assembly (December 7-18, 2009) hopes to extract more substantive 
goals and objectives for GHG reductions from USA.  

15. The role of meat-eating in creating large GHG emissions has been getting more 
attention in 2009. The huge investment of materials and energy in the animals we 
raise, slaughter and eat is increasingly being isolated as causative of major GHG 
emissions in our society. 

16. The CIWMB contracted for a report from Research Triangle Institute on the 
environmental benefits of composting organics materials as superior to burying 
those materials in landfills. The report was completed in the summer of 2009 and 
had not been accepted by the board as of the end of November, 2009. Kaufman 
refers to this report in her remarks (Day 1, Slide 44).  

 
 
 
 
 
 
 
 

2. GLOSSARY / ABBREVIATIONS:  
 
 
AB 32: popular referent for the California Global Warming Solutions Act of 2006, now 
encoded at Health and Welfare Code, sections 38500-38599.  
 
CAR: Climate Action Registry, see CCAR, below.  
 
CARB: California Air Resources Board.  
 
Carbon storage in landfills:  
 
 
 
CEQA: California Environmental Quality Act. 
 
CIWMB:  The California Integrated Waste Management Board, overseeing the CIWM 
Act from 1990 to the end of 2009.  
 
CCAR: The California Climate Action Registry, renamed in late 2008 as the Climate 
Action Reserve. Provides standardized accounting for a facility’s impacts and offsets. 
 



Fugitive emissions: this refers to the methane and other volatile organic compounds that 
escape from the landfill into the atmosphere. See Day 2, Slide 7.  
 
McKinsey and Company: Authors of a major report, “CO2 Emissions Reductions: How 
Much at What Cost?” was published in June, 2008 (cited at Stolaroff, Day 3, Slide 90).  
 
Methane generation rate: See Day 2, slide 11.  
 
Methanogenic and methanotropic bacteria: (See Stephanie Young, Day 2, Slides 5 and 9). 
Methanogenic bacteria create methane in a landfill, methanotropic bacteria eat methane 
in a landfill or in its cover materials.  
 
Mitigation: If the function of a property and designed, built, and operated has certain 
unavoidable but negative environmental consequences, the owner can undertake 
additional activities that will the negative impacts; these activities are called mitigations. . 
 
Offset:  An unregulated facility conducts business to reduce emissions below normal 
practice. This emission reduction can be sold to another facility as a credit to the second 
facility. The merasured emission is an offset. (See Day 2, slide 22).   
 
Stop Trashing the Climate: In June, 2008, the Institute for Local Self-Reliance in 
Washington, Eco-cycle of Boulder, Colorado and GAIA in Berkeley, California co-
produced an online book of this title. The book took the WARM data and calculated the 
effect of taking all the materials now being wasted and recycling them instead.  
  
Stop.waste.org. Trade name of the Alameda County [California] Waste Management 
Authority, parent also of the Alameda County Source Reduction and Recycling Board.  
 
Wasteberg: A term invented in the early 2000s to explain that waste that is commonly 
seen and measured (usually known as “municipal solid waste”) is only a small portion of 
the total, non-municipal wastes (e.g., agricultural, mining, forestry, etc.) that is created 
upstream from the consumer products that are sold to the public. (Similar to the idea that 
with an iceberg you only see 10% of the mass of the iceberg; the rest is under the water). 
Mentioned in this webinar at Liss, Day 2, Slide 78.  
 
 
 
 

3. INDEX: (For this first publication of the Reader’s Edition of the webinar, no 
index has been prepared; possible for later, revised versions of the text. ) 
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