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Executive Summary 

Background, Purpose and Scope 

The State of Vermont, Department of Environmental Conservation (VT DEC) commissioned a waste 
composition study of municipal solid waste (MSW) generated within the State of Vermont. The primary 
purpose of the State-wide Waste Composition Study (Study) was to estimate the composition of MSW 
and Construction and Demolition waste (C&D) from residential and Industrial/Commercial/Institutional 
(ICI) sectors delivered to Vermont transfer stations.  The resultant data will help guide VT DEC as it 
embarks on an effort to implement Act 148. 
 
The Association of Post Consumer Plastics Recyclers (APR) also contributed funds for the study in an 
effort to gain a better understanding of the types of plastics being disposed in the waste stream. 
 
This Study was carried out by DSM Environmental Services (DSM) and MidAtlantic Solid Waste 
Consultants (MSW Consultants). The roles of each firm are summarized below.  
 
MSW and C&D sampling was carried out over the course of two seasons (August 20 ς 24, 2012 and 
November 12 - 16, 2012), with waste sampling activities occurring at four permitted solid waste facilities 
ŎƘƻǎŜƴ ōȅ ±¢ 59/ ŀǎ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ƻŦ ±ŜǊƳƻƴǘΩǎ ǇƻǇǳƭŀǘƛƻƴΦ ¢ƘŜ ǘƛƳŜ ǇŜǊƛƻŘǎ ŦƻǊ ǎƻǊǘƛƴƎ ǿŜǊŜ ŎƘƻǎŜƴ 
to avoid high yard waste generation seasons which could distort the relative magnitude of the various 
materials sorted. 
 
Sorting in August occurred at the All-Cycle (Williston, Casella) and Highgate (Casella) transfer stations. 
Sorting in November occurred at the Triple T transfer station (Brattleboro) and the Sunderland (Casella) 
transfer station. MSW was sorted into 55 primary categories, with plastics sorted into a total of 46 sub-
sort categories. C&D wastes were visually divided into 8 major categories and 40 sub-categories. 
 
Because of the limited budget for this study, sample data by season and for individual sites are not 
statistically valid, and are therefore not presented in this report. Instead, aggregate, state-wide 
residential and ICI waste composition is presented, assuming that the four facilities where sorting 
occurred are representative of the State as a whole.  
 
Data are presented as a percentage of the total material sampled, and on an assumed state-wide 
tonnage basis. While data on the amount of waste generated in Vermont are not maintained by 
generator type, a reasonable assumption has been made that 60 percent of the MSW generated in 
Vermont is residential and 40 percent is ICI waste, with the material percentages applied to these 
tonnages to estimate total tons of residential and ICI waste by material type.1 

                                                           
1
 The Project Team has conducted analyses of the split between residential and ICI waste delivered to facilities in 

Delaware and Connecticut as part of those state-wide waste characterization studies. DSM has also worked with 
the Chittenden Solid Waste Management District to allocate tonnage generated in Chittenden County. In all three 
cases residential waste represented roughly 55 percent of the total MSW and ICI waste 45 percent. However, 
because of the rural nature of much of VT, and because of the large amount of economic activity on the New 
Hampshire side of the Connecticut River, it has been assumed that residential waste represents 60 percent and ICI 
waste 40 percent of the total MSW delivered to transfer stations in Vermont. Note that varying the assumption by 
10 percent would make very little difference to the total tonnage estimates in most cases because of the 
similarities in the composition of the sampled residential and ICI waste. 
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Results - Residential MSW Composition 

Figures ES 1 and 2 summarize the residential MSW composition by percent and by estimated total 
tonnage (413,517 tons c. 2012). Note that while the waste composition study was conducted in 2012, 
final data on waste generation has only been compiled by VT DEC through 2011. Therefore the tonnage 
data are reported as 2011 tonnages, even though the composition study was carried out in 2012. There 
is no reason to believe that there would be significant differences between 2011 and 2012. 
 
FIGURE ES-1:       FIGURE ES-2: 
COMPOSITION OF VERMONT RESIDENTIAL MSW  ESTIMATED 2011 DISPOSAL OF RESIDENTIAL 
(Percentage, By Weight) MSW BY MATERIAL TYPE (In Tons) 

Results - ICI MSW Composition 

CƛƎǳǊŜǎ 9{ о ŀƴŘ п ǎǳƳƳŀǊƛȊŜ ±ŜǊƳƻƴǘΩǎ L/L ǿŀǎǘŜ ōȅ ƳŀǘŜǊial type and tonnage (Tons, CY 2011). 
 
FIGURE ES-3:       FIGURE ES-4: 
COMPOSITION OF VERMONT ICI WASTE ESTIMATED 2011 DISPOSAL OF ICI WASTE 
(Percentage, By Weight) BY MATERIAL TYPE (In Tons) 
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Results - Plastic Sub-Sort 

Plastic wastes were sorted into 46 categories. The following pie charts summarize the results by resin 
type and by material type for residential and for ICI wastes. It should be noted that whenever a plastic 
material could not be identified by either the resin code (because there was no resin code) or by use of 
the Delta NU resin meter the product ǿŀǎ ŎŀǘŜƎƻǊƛȊŜŘ ŀǎ ŀƴ άƻǘƘŜǊΦέ This was especially prevalent for 
large bulky plastic materials (which are less likely to have a resin identification code) that were black or 
another dark color and therefore not readily identified by the resin meter. It is ǘƘŜ tǊƻƧŜŎǘ ¢ŜŀƳΩǎ 
ǇǊƻŦŜǎǎƛƻƴŀƭ ƧǳŘƎƳŜƴǘ ǘƘŀǘ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ŀƳƻǳƴǘ ƻŦ ǘƘŜ άƻǘƘŜǊέ ŎŀǘŜƎƻǊȅ ǿŀǎ ŀŎǘǳŀƭƭȅ t9 ŀƴŘ ttΣ ōǳǘ 
there was no definitive way to determine this in the field. 
 
FIGURE ES-5:       FIGURE ES-6: 
COMPOSITION OF RESIDENTIAL PLASTIC WASTE COMPOSITION OF RESIDENTIAL PLASTIC 
BY RESIN TYPE (Percentage, By Weight) WASTE BY PRODUCT TYPE (Percentage, By 

Weight)  

 

FIGURE ES-7:  FIGURE ES-8: 
COMPOSITION OF ICI PLASTIC WASTE BY  COMPOSITION OF ICI PLASTIC WASTE 
RESIN TYPE (Percentage, By Weight) BY PRODUCT TYPE (Percentage, By Weight)  
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Results - Construction and Demolition Waste 

While C&D wastes were disposed as MSW, some portion of the waste delivered to Vermont transfer 
stations is categorized by at the scale house as C&D waste, as opposed to mixed solid waste. Truck loads 
of C&D waste were visually sampled to estimate the composition of this material, and the results are 
summarized below. 
 
Figures ES-9 and ES-10 below present the total composition of C&D waste (Figure ES-9), and then the 
composition of the material classified as C&D debris (Figure ES-10). 
 
 FIGURE ES-9 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 

FIGURE ES-10 
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Introduction 

Background, Purpose and Scope 

The State of Vermont, Department of Environmental Conservation (VT DEC) commissioned a waste 
composition study of municipal solid waste (MSW) generated within the State of Vermont. The primary 
purpose of the State-wide Waste Composition Study (Study) was to estimate the composition of MSW 
and Construction and Demolition waste (C&D) from residential and Industrial/Commercial/Institutional 
(ICI) sectors delivered to Vermont transfer stations.  The resultant data will help guide VT DEC as it 
embarks on an effort to implement Act 148. 
 
The Association of Post Consumer Plastics Recyclers (APR) also contributed funds for the study in an 
effort to gain a better understanding of the types of plastics being disposed in the waste stream. 
 
This Study was carried out by DSM Environmental Services (DSM) and MidAtlantic Solid Waste 
Consultants (MSW Consultants). The roles of each firm are summarized below.  
 
DSM Environmental Services, Inc. coordinated the Project Team in all activities and had primary 
responsibility for: 
 

¶ Project Management 

¶ Logistics 

¶ Sample Site Selection 

¶ Plastic Sub-Sorting 

¶ Visual C&D sampling 

¶ Problem Resolution 

¶ Preparation of the Draft and Final Report 

 
MSW Consultants was responsible for:  
 

¶ Field Supervision 

¶ On-site Logistics 

¶ MSW Sampling and Sorting 

¶ Sort Crew Training 

¶ Sorting QA/QC 

¶ Compilation of Sorting Data 

¶ Statistical Analysis 

¶ Report Tables Preparation 

¶ Report Review 

 

MSW and C&D sampling was carried out over the course of two seasons (August 20 ς 24, 2012 and 
November 12 - 16, 2012), with waste sampling activities occurring at four permitted solid waste transfer 
stations chƻǎŜƴ ōȅ ±¢ 59/ ŀǎ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ƻŦ ±ŜǊƳƻƴǘΩǎ ǇƻǇǳƭŀǘƛƻƴ. Sorting in August occurred at the 
All-Cycle (Williston, Casella) and Highgate (Casella) transfer stations. Sorting in November occurred at 
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the Triple T transfer station (Brattleboro) and the Sunderland (Casella) transfer station. This final report 
presents the results of the study. 
 
Because of the limited budget for this study, sample data by season and for individual sites are not 
statistically valid, and are therefore not presented in this report. Instead, aggregate, state-wide 
residential and ICI waste composition is presented, assuming that the four facilities where sorting 
occurred are representative of the State as a whole.  
 
Data are presented as a percentage of the total material sampled. Data on the amount of waste 
disposed at Vermont facilities are not maintained by generator type, and therefore there is no way to 
accurately allocate the residential and ICI waste by total tons. However, because it is useful to not only 
report materials by percent, but to report materials by tonnage, an assumption has been made that 60 
percent of the MSW delivered to transfer stations in Vermont is residential and 40 percent is ICI waste, 
with the material percentages applied to these tonnages to estimate total tons of residential and ICI 
waste by material type.2 
 
  

                                                           
2
 The Project Team has conducted analyses of the split between residential and ICI waste delivered to facilities in 

Delaware and Connecticut as part of those state-wide waste characterization studies. DSM has also worked with 
the Chittenden Solid Waste Management District to allocate tonnage generated in Chittenden County. In all three 
cases residential waste represented roughly 55 percent of the total MSW and ICI waste 45 percent. However, 
because of the rural nature of much of VT, and because of the large amount of economic activity on the New 
Hampshire side of the Connecticut River, it has been assumed that residential waste represents 60 percent and ICI 
waste 40 percent of the total MSW delivered to transfer stations in Vermont. Note that varying the assumption by 
10 percent would make very little difference to the total tonnage estimates in most cases because of the 
similarities in the composition of the sampled residential and ICI waste. 
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Study Design 

Site Coordination and Communication 

LOGISTICS  

The first task of the Study was to identify MSW transfer sites around Vermont that: (1) would be 
representative of state-wide waste composition; and, (2) had sufficient throughput to support 
continuous sampling and sorting throughout the day. Ultimately four sites were selected to represent: 
urban and rural populations; geographic diversity; and, areas with expected high recycling rates (due 
primarily to parallel access to recycling and waste collection) and areas with the potential for lower 
recycling rates. The four sites selected were: 

¶ All-Cycle Transfer Station in Williston owned and operated by Casella; 

¶ Highgate Transfer Station in Highgate owned and operated by Casella; 

¶ Triple T Trucking Transfer Station in Brattleboro owned and operated by Triple T Trucking; and, 

¶ Sunderland Transfer Station owned and operated by Casella. 

Before the field work commenced, DSM worked with the selected facilities to collect facility-specific 
logistical information necessary to develop the sampling plan.  The following information was collected: 

¶ ¢ƘŜ ŦŀŎƛƭƛǘȅΩǎ ŎƻƴǘŀŎǘ ƛƴŦƻǊƳŀǘƛƻƴ;  

¶ ¢ƘŜ ŦŀŎƛƭƛǘȅΩǎ Řŀȅǎ ŀƴŘ ƘƻǳǊǎ ƻŦ ƻǇŜǊŀǘƛƻƴ; 

¶ The vehicle traffic expected for each sector (residential and ICI) on each day of the week, and 
the estimated peak time of day for each type of load; 

¶ Location of the sorting area; 

¶ Coordination between the scale house and the Field Supervisor to determine the net weight of 
each sampled vehicle; 

¶ Facility-specific health and safety procedures and emergency contact numbers; and, 

¶ ¢ƘŜ ŦŀŎƛƭƛǘȅΩǎ ŀōƛƭƛǘȅ ǘƻ ǇǊƻǾƛŘŜ ŀǎǎƛǎǘŀƴŎŜ όŜΦƎΦ ŦǊƻƴǘ ƭƻŀŘŜǊΣ ǎƻǊǘƛƴƎ ǎǇŀŎŜΣ ǾŜƘƛŎƭŜ ǎŜƭŜŎǘƛƻƴΣ ŜǘŎΦύ 
to ensure safe and accurate sampling and sorting. 

 

TRAINING AND SUPERVISION 

At the outset of both sampling seasons the Field Supervisor led a detailed training session on the 
morning of the first day of the sort. The training covered all aspects of the safety and health 
requirements, as well as sorting and weighing procedures.  Training included: 

¶ General facility overview; 

¶ Learning and reviewing the material categories and definitions;  

¶ Facility-specific health and safety requirements; 

¶ Personal protective equipment (PPE) requirements; 
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¶ Waste handling techniques; and 

¶ Productivity strategies and daily sorting quotas. 

 

Sampling Plan 

DEFINITIONS OF WASTE SECTORS 

Sectors of the waste stream analyzed in the study were defined as follows: 

¶ Residential ς MSW generated in Vermont and brought to VT DEC permitted facilities by 
commercially or municipally operated vehicles, in which 80 percent or more of the waste is from 
single-family and/or multifamily residential sources.  Loads from transfer trailers entering the 
facility were not sampled because the generator types could not be determined. Several 
residential samples were also obtained from the residential drop boxes at the Sunderland 
Transfer Station to assure a steady supply of material to sort and because these boxes contained 
primarily residential waste. 

¶ Institutional/Commercial/Industrial (ICI) ς MSW generated in Vermont and brought to VT DEC 
permitted facilities by commercially operated vehicles, in which 80% or more of the waste was 
from institutional, commercial, or industrial sources. This sector excluded Construction and 
Demolition debris as well as Bulky Waste.  Vehicles chosen for sampling in the ICI sector 
included Compacted Drop Boxes where the generator could be identified and Packer Trucks.  
Commercial self-haulers using several other truck types were also accepted in this category. 

¶ Unacceptable Loads ς Loads that contain less than 80% of either residential or ICI waste, and 
loads originating from outside of Vermont were omitted from the sampling. However, in some 
cases where the majority of loads entering a facility were mixed residential and commercial and 
it was not possible to obtain a sufficient number of samples of residential or ICI loads from 
trucks with over 80% of the designated sector, a decision was made by the Field Supervisor, 
after discussions with the truck driver, to sample from the portion of the load which the driver 
indicated was primarily residential or ICI waste. 

¶ C&D Loads ς Loads that contained 80 percent or more of material generated from construction 
and demolition activities in Vermont. Note tƘŀǘ άŘǊȅ ǿŀǎǘŜέ ƻǊ ōǳƭƪȅ ǿŀǎǘŜ ƭƻŀŘǎ ǿŜǊŜ ƴƻǘ 
analyzed, even though they are often characterized as C&D waste by facilities in Vermont. Loads 
of C&D waste were visually sampled from both commercial roll-offs and from contractors 
delivering C&D waste in pickups and trailers. 

 

ALLOCATION OF SAMPLES BY SITE, SECTOR, AND SEASON 

The study design called for hand-sorting 100 samples of residential and ICI waste, each weighing 200 to 
250 pounds.  The overall quota of 100 samples was split evenly over two seasons.   
 
As shown in Table 1 below, greater numbers of samples were allocated to the ICI waste sector.  The 
waste found in the ICI stream tends to be more variable from load to load than that found in the 
residential stream.  Higher variability means that additional samples of ICI waste are required to provide 
precision levels comparable to the residential waste sector. 
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TABLE 1: 

Estimated Allocation of Samples by Sector 

Sector Number of Samples 

Residential 40 

ICI 60 

Total 100 

 
In addition to hand sorting of MSW samples, 66 loads of C&D waste were visually characterized over the 
course of the two seasons.  The exact number of loads was dependent on sufficient quantities of C&D 
waste delivered to the facilities during the course of the MSW sampling at each facility and the ability to 
safely survey the loads within the facility after they had been dumped. 
 

Acquisition of Samples 

MSW VEHICLE SELECTION 

The Field Supervisor attempted to follow a systematic selection procedure to identify residential and ICI 
waste vehicles for sampling by establishing a sampling interval at each facility.  The sampling interval 
was determined by dividing the total expected number of loads for each sector arriving at the facility on 
the scheduled day ς based on questions asked of each facility in the planning phase of the study -- by 
the number of samples needed each day.  The resulting number is the sampling frequency, which 
determines whether every third vehicle, every sixth vehicle, or every 20th vehicle is selected for 
sampling. This ǎǘǊŀǘŜƎȅ ƛǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άǎŜƭŜŎǘƛƴƎ ŜǾŜǊȅ ƴth ǾŜƘƛŎƭŜέ ǿƛǘƘƛƴ ŀ ǿŀǎǘŜ ǎŜŎǘƻǊ. 
 
Vehicles entering the facility that met the definition of the nth vehicle were surveyed by the Field 
Supervisor to determine if they were eligible for sampling.  In order for a vehicle to be eligible for 
sampling, the load had to fit within the residential or ICI definitions.  If the load was selected for 
sampling then the Field Supervisor collected data regarding the vehicle type and waste type, and 
identifying information for use in obtaining a net weight from each selected vehicle from the scale 
house. 
  
Note that there were five instances where the nth vehicle approach for selecting a vehicle for sampling 
was modified: 
 
Á On the day of sampling and sorting, if the number of loads expected to arrive at the facility was 

less than previously anticipated, the sampling frequency was ǎƘƻǊǘŜƴŜŘ ŀƴŘ ŀ ƴŜǿ άƴth vehƛŎƭŜέ 
selection strategy calculated and followed; 

 
Á If the nth residential vehicle selected was found to contain over 20% of ICI waste, the next load 

of residential waste (nth + 1) was taken as a replacement; 
 
Á If the nth commercial vehicle selected was found to contain over 20% residential waste, the next 

load (nth + 1) of ICI waste was taken as a replacement;  
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Á If the sort crew had completed sorting of all available stored samples and was set up and ready 
for the next sort, the Field Supervisor was allowed to take the next available residential or ICI 
load in place of the nth vehicle if necessary to keep the sort crew busy; and, 

 
Á In the event that the waste was not from Vermont. 

 
The Field Supervisor obtained and recorded the following information on the Vehicle Selection Form for 
each vehicle that was selected for sampling: 

¶ Waste sector ς Residential or ICI; 

¶ Vehicle type --Compactor, Transfer Vehicle, Packer Truck or Other Type; 

¶ Date and Time of Day; 

¶ Truck Identification information (Hauler License or Plate Number); and, 

¶ Net weight of the load (obtained from the scale house using the truck identification 
information). 

 
The Crew Chief then recorded the date and time, sample number, and facility location, and noted on the 
Field Data Sheet any unusual circumstances associated with the load or the sample.  
 

C&D VEHICLE SELECTION 

The selection of C&D loads for visual surveying was not subjected to the same degree of rigorousness as 
the MSW sample selection.  This is because it was not clear how much C&D waste would be received at 
each host facility; and, the data collection team committed to conducting the visual C&D analysis was 
not devoting 100% of the time to monitoring and capturing C&D loads as they were also conducting the 
plastic sub-sorting.  C&D loads were therefore taken as they arrived, within the constraints established 
by the Facility Manager, and recorded on the C&D Visual Survey Form. 
 

MSW SAMPLE SELECTION 

In most cases, one sample of waste was selected from each load ōŀǎŜŘ ƻƴ ǎȅǎǘŜƳŀǘƛŎ άƎǊŀōǎέ ŦǊƻƳ ǘƘŜ 
perimeter of the load.  For example, if the tipped load is viewed from the top as a clock face with 12:00 
being the part of the load closest to the front of the truck, the first sample of the day would be taken 
ŦǊƻƳ о ƻΩŎƭƻŎƪΣ followed by the next sample of the day at с ƻΩŎƭƻŎƪΣ ǘƘŜƴ ф ƻΩŎƭƻŎƪ ŀƴŘ мн ƻΩŎƭƻŎƪΣ 
followed by мΣ пΣ тΣ ŀƴŘ мл ƻΩŎƭƻŎƪΣ ŀƴŘ ǎƻ-on. Following a random sample selection process from the 
dumped loads is designed to minimize άŎƘŜǊǊȅ ǇƛŎƪƛƴƎέ ǿŀǎǘŜ ǘƘŀǘ ǿƻǳƭŘ be easy to grab and/or sort. 
However, the Field Supervisor was allowed to deviate from the sample selection process in the event 
that the load was dumped immediately adjacent to another load or the main waste pile making it 
impossible to take the sample from the prescribed location. In that case the sample was taken from the 
first area potentially available for sampling. 
 
Once the area of the load was identified for sampling, the facility loader operator would grab a sample 
of the waste using a skid steer loader or front loader. The Field Supervisor would then pull waste out of 
the bucket and place it in garbage cans, weighing the waste until a sample weighing roughly 225 pounds 
was obtained.  Each sample was then labeled by its identifying number using reusable white boards and 
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set aside until it was ready to be sorted.  If material larger than a garbage can was part of the sample, it 
was separately labeled and placed next to the garbage cans that made up that sample. 
 

C&D SAMPLE SELECTION 

In the case of C&D loads the entire load was visually surveyed by a trained professional based on 
estimates of the volume of each material type. 
 
The professional first observed the load being tipped, in order to note material(s) that might be covered 
from view.  Then observations were made from all angles to attempt to summarize major categories of 
C&D waste.  Finally, the detailed C&D waste characterization form was completed with the professional 
noting all types of waste present and estimating their approximate volume in the load.  Volumes were 
later converted to weight using standard conversion factors developed from other waste 
characterization studies in the United States.   
 
This procedure is described in more detail in the results section. 
 

Characterization of Samples 

HAND SORTING PROCEDURE FOR MSW 

The photograph below (Figure 1) presents the idealized layout of the sorting table and bins into which 
each targeted material was sorted.   
 

 
FIGURE 1:   

Layout of Hand-Sorting Table 
and Bins 

 
Once the sample was acquired 
and placed on the sorting table, 
the material was sorted by hand 
into 55 categories (Table 2).  
Plastic 20-gallon bins with sealed 
bottoms were used to contain 
the separated components.  The 
sorting crew members typically 
specialize in groups of materials, 
such as papers or plastics, and 
assigned to those materials for 
the day, or the duration of the 
sort. 
  




















































