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The objective of this study is to provide information to assist GMIC members in gaining a better 
understanding of ways in which more post-consumer cullet can be recycled and to investigate technical 
changes GMIC could catalyze to make that happen.  This White Paper Study was led by David Rue with 
input from Robert Lipetz (GMIC Executive Director) and input from experts on collection, processing, 
characterization, procurement, and re-use of cullet. The opinions of experts are often but not always in 
agreement. Efforts have been made to include input from all parties. To obtain the most open possible 
input, the names of all respondents have been excluded from this document. No proprietary information is 
included. Several company names are included, with the understanding that these references are for 
illustration and informational purposes and not as endorsement of the companies themselves. 

Introduction 

Glass is 100% recyclable. Recycled glass competes with raw material batch and must rely on cost to drive 
utilization. A wide range of factors affect the cost of cullet to the glass companies. Most surveys (EPA, 
Container Recycling Institute, GPI) agree that roughly 11 million tons of glass is disposed of each year in 
the US, and 32-34% of that glass is recycled. Approximately 2.7 million tons were recycled to container 
glass and 1 million tons to fiberglass in 2017 (Resource Recovery magazine, 2018). The recycling rate in 
the US peaked around 2010 and is either stable, plateaued (Strategic Materials, Inc. (SMI) term), or 
slightly declining.  

The first step in recycling of glass cullet is collection from the waste stream. Efforts are not made to 
recover all post-consumer glass. The fate of post-consumer glass is dependent on the disposal method. 
Glass is distributed among the following waste streams. The labels for these streams are in common use 
but not universal. 

Trash – Trash is waste or garbage that is not sorted. Glass thrown into the unsorted trash is rarely 
recovered and ends up in landfills.  

Single stream recycling – In the majority of US locations, and in increasing amounts, glass is included 
with other recyclable materials and is sorted at a Material Recovery Facility (MRF). The equipment and 
technology utilized in the more than 400 US MRFs varies over a wide range. Many MRFs do not recover 
any glass while other MRFs recover as much glass as possible. The different processing approaches 
depend on the available sorting equipment but also on whether a market exists in that location for the 
separated cullet. 

Multi-stream recycling – In some locations, glass is pre-sorted by consumers. This produces the highest 
available glass quality for recycle. Generally, this glass bypasses the MRFs and goes directly to cullet 
separation facilities. 

Construction and demolition debris – Glass is a minor constituent of the CD stream, and glass is generally 
not recovered from this stream. While the great majority of glass in other waste streams is container glass, 
the CD stream glass is predominately flat glass and insulation glass. There is little market for post-
consumer flat glass recycle in the US. The post-consumer flat glass that is recycled is returned to 
container or fiberglass makers.  The reasons for this situation include the high quality standards of flat 
glass makers and the relatively small stream of clean flat glass cullet available. 
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There are many reasons why more glass is not recycled. For cullet to be melted into new products, the 
cullet must meet: 

• Needed glass industry quality standards 
• Consistency of composition in sufficient quantity  
• Price targets to warrant use instead of raw batch materials. 

When survey respondents were asked what matters most in recycling, some said quality and others said 
cost. After speaking to several dozen experts the answer is clear that both matter. If the price is too high, 
procurement staff will not buy cullet. If quality is too low, no matter what the price, the glass company 
will not buy the cullet. Consistency and availability of supply is important. A number of respondents 
pointed out that quality might be met but variation from load to load is a challenge and must also be 
acceptable. Availability is important because irregular access to sufficient quantities of cullet makes glass 
formulation more labor intensive. Many glass plants have access to cullet from only a single supplier. 
This makes competitive pricing and maintaining quality specifications challenging. The reverse is also 
true. If glass is collected in locations with no glass plant customer nearby, the economics of recovery and 
transportation may prevent economic sale of cullet to a glass plant. 

Transportation costs factor into the cost of cullet, and transport costs are always a function of distance. 
Cullet local to a glass plant is much more economical than cullet that must be transported a long distance. 
The same economics apply to batch materials, and this factors in the economic decision between cullet 
and batch. There are non-cost factors that influence the choice of cullet over batch. For this reason, cullet 
suppliers and glass company procurement officers work to develop appropriate prices for cullet. 
Universally, respondents agreed that cullet provides benefits to the melting process. There are, however, 
disagreements regarding the value of these benefits. There are also limits on the fraction of cullet that can 
be melted in specific furnaces. The value of specific benefits of cullet can be a matter of disagreement 
between suppliers and glass companies. 

Glass Recycling Rates 

Current and historical glass recycling rates are published in a number of sources. The Appendices of this 
report present data from the US EPA and the Container Recycling Institute (CRI). These are excellent 
data compendiums that contain information from a wide range of sources in Europe and the US. 
Available data is for container glass only. Container glass makes up perhaps 90% or more of discarded 
glass by weight because 1) more than 60% of produced glass is container by weight, and 2) containers 
have a much shorter lifecycle than other glass. 

European recycling rates for container glass vary significantly between EU countries. The figure below, 
published by CRI, shows most EU countries are recycling at 70% or more of the container glass. 
Recycling rates have increased dramatically over the last 20 years. This is a result of aggressive 
government efforts including convenient multi-stream recycling, consumer education, improved sorting 
processes, and other targeted programs. These impressive recycling rates confirm that high levels of 
recycling are possible and could be achieved in the US with the right collection approaches and consumer 
education. The larger transport distances in the US compared with Europe could make the maximum 
practical US recycling rates lower than the European rates.  

The figure shows that US recycling rates have remained stagnant over the last 20 years. The overall US 
numbers do not tell the whole story. The US data must be broken down into smaller parts of the country 
to get a better picture of efforts that are underway, some of which have been very successful, to increase 
recycling rates. The most comprehensive publicly available data has been collected by the Container 
Recycling Institute. 
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The rate of container glass recovery and recycle varies a lot across North America. The table below, 
published by CRI, shows the recent range. The ten bottle bill States (States with bottle refunds) have 
higher recycling rates, as expected, but even locations with no bottle bill can have high recycle rates. 
Kansas City is home to Ripple Glass. Ripple has placed sixty purple bins for glass collection in strategic 
locations. This ensures a clean glass stream and leads directly to higher recycle rates. California and 
Oregon have had a 5 cent bottle value, bottle redemption centers, and dedicated, separated curbside 
collection.. However, the bills have not covered wine and spirit bottles that make up one third of beverage 
containers. Oregon has recently expanded the bottle bill to a 10 cent redemption value covering more 
classes of containers. California is unique in the US in requiring 30 percent cullet content in insulation 
glass and 35% cullet content in container glass. 

 
A lot of work over many years has been devoted to increasing recycling rates by producing a cleaner glass 
stream. Multiple individuals and organizations have been and are currently involved in increasing the 
recycling rate in the US and North America. Some groups look at all recyclable materials, but the primary 
glass dedicated groups actively engaged in this effort are: 

• Glass Packaging Institute (GPI) 
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• Glass Recycling Coalition (GRC) 
• Container Recycling Institute (CRI) 

Information is available on websites maintained by each of these groups. They maintain extensive lists of 
contacts, operate as coalitions, and pursue targeted engagement programs. Other groups with a broader 
mandate regarding recycling of solid materials including glass are: 

• Institute of Scrap Recycling Industries (ISRI) 
• Solid Waste Association of North America (SWANA) 

These organizations work in different ways with state and municipal leaders, consumers, MRFs, and 
waste haulers. ISRI and SWANA pay more attention to other recyclable materials than to glass, but they 
do include glass in their efforts to increase recycling. Along with the strong advocacy of GPI and GRC 
with policymakers, several recent efforts are expected to help increase glass recycling. 

1. ISRI, together with GPI, has issued voluntary guidelines for the quality of MRF glass being sent to 
cullet recovery companies. These guidelines are not yet universally followed, but efforts are 
underway to achieve that goal. The guidelines are presented on their website and in an Appendix and 
are discussed in more detail below. 

2. GRC conducted a Glass Recycling Survey in 2017 which has been updated in 2018. The survey 
results are presented in an Appendix and on their website. Survey answers provide valuable insight 
into the status and possible future paths for US glass recycling.  

3. CRI (as well as GPI and the US EPA) publishes comprehensive data on national and local glass 
recycling. This information is needed to provide guidance on advancing recycling in municipalities 
and States. 

GMIC can work with these organizations from a more technical angle. While these organizations gather 
data, advocate for improved recycling and collection processes, work with policymakers, and establish 
MRF standards, among other crucial activities, GMIC can complement these efforts in a number of ways. 

The Chain of Custody 

Post-consumer glass that does not go into the trash and directly to a landfill passes through a chain of 
custody before eventually ending up back at a glass plant. Each step in the custody chain impacts quality 
and cost. Any improvement in cullet use depends on improving one or more of the links in that custody 
chain. A simplified description of the custody chain consists of the steps below. A number of trade 
associations, companies, and governmental bodies work to modify practices in one or more links of the 
chain. Some of the changes that would be beneficial are social and behavioral while others are technical. 
In general, the impacts of social changes are more important on the early steps in the chain, and the 
impacts of technical improvements are more important on later steps in the chain. The chain of custody is: 

• Consumers and generators of glass of all types and their disposal of the glass 
o Approximately 11 million tons of year of glass is disposed of each year in the US. This glass 

is predominately container glass. While approximately 65% of US glass production is 
containers, containers have a much shorter lifecycle than other glass. Although no numbers 
can be found describing the fraction of container glass in the disposal stream, container glass 
easily constitutes 80 percent, and likely 90 percent or more of all glass in the trash and waste 
streams. 

o Consumers have a large impact on the first step of glass sorting 
o Different motivations drive the disposal of glass in waste, single stream, or multiple stream 

recycling 
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• Waste collectors and haulers 
o Waste haulers actions are driven entirely by economics. Haulers use the lowest cost methods 

allowable by their contracts to collect wastes and transport them either directly to landfills or 
to MRFs 

o Waste is compacted in trucks by the haulers. This leads to crushing that converts a portion of 
the glass to unusable undersized particles and to blending that can complicate separation. 
Changes in equipment and methods to reduce glass crushing would help with cullet retrieval. 

• MRFs – Materials Recovery Facilities – there are more than 400 MRFs in the US 
o MRFs use a multi-step process to recover materials of value for sale, with unsaleable 

materials sent to landfills. 
o Handling depends on the equipment available at a MRF, and on whether a market exists in 

that location for specific recycled materials. Materials that do not have a local market are sent 
to landfills. 

o The order of recovery of materials reflects the best income stream and best engineering 
organization of the facility. Respondents have explained that most MRFs remove glass as 
early in the sorting process as possible. The hardness of glass leads to excessive wear on 
equipment which MRFs attempt to avoid. Also, MRFs focus most attention on more valuable 
streams and seek to remove glass early so attention can be focused on other recyclables. 

o Glass has a low value compared with other recycled materials. Budgets for sorting equipment 
improvements favor other materials more than glass. 

o Excessive crushing and blending of glass with streams such as shredded paper and ‘muds’ 
can produce cullet that is not marketable. 

o The glass stream sent to cullet suppliers is only partially cleaned. ISRI and GPI have recently 
developed a protocol for MRFs to assure glass streams have met minimum standards. 

o Sometimes, and increasingly, a MRF finds it more economical to not separate the glass and to 
just send it on to a landfill. 

• Culler Suppliers  
o Facilities are located to get access to MRF feed and to minimize travel to glass plant 

customers. They are constrained by the limited number of customers for sorted cullet. 
o Cullet is primarily produced for container glass and fiberglass. Fiberglass is dominantly 

insulation glass. There are indications that continuous fiberglass producers are interested in 
using cullet but do not use cullet today. Work in this area is proprietary and must overcome 
the low alkali limits for continuous fiberglass compared with container glass. Float glass gets 
little post-consumer glass due to the improper cullet Ca/Mg ratio, high optical quality 
standards, small fraction in the MRF stream, and larger potential impacts of off-spec glass 
contaminating the continuous sheet.  

o Cullet suppliers work with glass companies to meet specifications. This is done on a company 
by company basis and is not standardized across the industry. Some companies are more 
structured than others. As a general rule, fiberglass makers are more engaged than container 
makers, but this is not always true. Also, as a general rule, larger companies have a more 
highly engineered approach to cullet than smaller glass companies. 

o Pre-sorting to remove impurities (iron, aluminum, paper, cardboard, and organics) is always 
done. Then careful crushing is performed with a focus on minimizing fines. Respondents 
have provided different limits on particle size with minimum acceptable cullet ranging from 
¼ to ½ inch. The cullet is then dried, also aiming to minimize fines formation. A polishing 
step then removes other materials and color sorting is done. Color sorting is not always done. 
For example, the fiberglass makers get a tri-mix of finer sized cullet.  
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• Glass companies 
o The procurement staff purchases the cullet as well as the batch used as furnace feed stocks. 

All companies have developed formulas to help calculate the value of cullet considering the 
cullet quality and benefits offered by the cullet. These formulas are proprietary and not 
standardized. Some formulas used by companies are more sophisticated than others. 

o The engineering staff establishes cullet quality standards, works with cullet suppliers, 
monitors delivered cullet (often intermittently), and handles the batching and furnace 
operations. 

o Some glass companies have joint ventures that supply cullet to their plants. This is more 
common in Europe than in the US. 

o The engineering staff will say that quality is the critical factor. Suppliers say this is a matter 
of cost. The equipment makers say quality is the responsibility of the MRFs. 

o Container companies can usually get the green and amber glass they want but are commonly 
limited on availability of flint cullet. Glass companies consistently say they would like more 
cullet if they can get sufficient quantities of cullet that meets specifications at a competitive 
price with batch. 

Post-Consumer Glass 

Post-consumer glass enters the waste treatment process in multiple ways. There are advantages and 
disadvantages to each path. 

• Combined waste. All recyclable materials including recyclables, organics, yard waste, etc. is in a 
single stream 

o Pros – simplest and cheapest collection method, no education of consumers required, no 
training required for waste haulers, least amount of capital equipment for collection. Much of 
this type of waste is never sent to a MRF and goes directly to landfills. 

o Cons – most complex and costly sorting requirements, lowest yield of clean cullet, most glass 
in this stream ends up in landfills 

• Single stream recycling. Consumer-separated recyclables including glass are combined by the 
consumer, collected, and delivered to a MRF for separation and sale for upgrading and recycle. 

o Pros – moderate cost increases for collection are offset by a cleaner recyclable stream that can 
be sent to a MRF. Consumer education is not excessive. 

o Cons – added cost compared to a combined waste stream, MRFs must be organized and paid 
for to handle separation of each type of recyclable material. 

• Dual stream or multi-stream recycling. Glass, generally container glass, is collected separately from 
all other materials. Glass may be further separated by color by consumers. 

o Pros – highest yield of recoverable cullet, higher quality and value of cullet sold to cullet 
suppliers, decreased glass to landfills 

o Cons – significant consumer education, continued effort to maintain compliance, highest cost 
for collection 

Post-consumer glass collection varies by location and municipality. Single stream recycling is the most 
common approach in the US, and single stream recycling is growing in popularity according to survey 
respondents. MRFs and cullet suppliers report that the quality of single stream recyclables is decreasing. 
Too often consumers combine non-recyclable materials in the recyclable stream. This presents a 
challenge and adds costs for MRFs that need to add more labor and equipment to separate recyclable 
materials for sale to metal, paper, plastic, and glass upgraders. Quality of MRF input streams also declines 
with disposal of plastic bags and fine paper particles such as from shredders. 
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Only the glass that is recovered and available and that then meets sufficient standards can be sold to cullet 
suppliers. The fraction of all discarded glass that is in the waste stream never gets upgraded, and a 
significant fraction of the glass entering MRFs also goes to landfills. Only dual stream glass is clean 
enough to ensure a high fraction of the discarded glass to bypass the MRFs and ends up sent directly to 
cullet suppliers. 

Waste Collection and Hauling 

Waste haulers act according to the rules in each municipality and charge accordingly. Any changes in 
waste streams or charges to meet contract requirements for collection are passed directly to municipalities 
whether they collect garbage themselves or contract a company such as Waste Management to do this 
work. 

There are locations where the waste haulers also operate the MRFs. In this situation, the company has the 
ability to optimize the collection and sorting to maximize their income. Even in this situation, the waste 
collection and hauling is kept to the lowest possible cost. 

In most places the waste collection system in the US could be improved to recover more glass. More glass 
(and other recyclables) could be collected with an improved waste collection system. Also, a cleaner post-
consumer glass stream (and cleaner streams of other recyclables) would be more valuable. The challenge 
is to improve the waste collection process at less expense than the value of cleaner glass and non-glass 
recyclables is increased. Curbside separation is rare in the US but has been successfully implemented with 
substantial increase in glass recycling rates in some cities. For example, Fayetteville, Arkansas has a 
system in place where glass is sorted at curbside into bins in collection trucks. This produces a clean, high 
quality waste glass stream. Some areas have glass redemption centers, but the consumer must transport 
glass themselves to these facilities. Other locations, such as Kansas City, follow the European model and 
have a large number of drop-off bins for glass. Ultimately, the waste haulers perform the designation 
work whether collecting waste, collecting single stream recyclables, or collecting multi-stream recyclable. 

Material Recovery Facilities (MRFs) 

There are more than 400 MRFs in the US of various sizes and ages. These facilities cover a wide range in 
capabilities based on age of equipment and regulations. Operations can vary, but a common sequence is: 

• Waste haulers dump loads onto the tipping floor – this crushes glass further 
• Frontend loaders and other equipment load waste onto conveyor belts 
• Manual pre-sorting is carried out to remove undesired materials such as textiles, hoses, large pieces of 

metal and cardboard, etc. 
• Light materials such as cardboard and paper are removed – one modern approach is to use widely 

spaced star screens which allow cardboard and some paper to pass across the top of the stars and 
everything else to drop between the star screens 

• A second set of star screens set at an angle then separates out paper that climbs up the incline while 
all heavier materials passes through the screens 

• Magnets are used to separate the iron 
• Glass is removed using a glass breaking screen followed by a hammer mill to size the glass 
• Eddy current devices are used to then separate out the aluminum 
• At this point the stream consists of plastics and some residual paper, organics, and plastic film and 

bags 
• Optical sorters are used to first remove the residual paper and then to sort different types of plastics 
• Paper, cardboard, aluminum, and plastics of different types are bailed for sale 
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• Glass and iron are sold to cullet suppliers and iron recyclers 

Several good videos are available on line that show the MRF process. The Rhode Island MRF that serves 
all Rhode Island cities and towns is covered in this video: 

https://www.youtube.com/watch?v=Jda_9_30-WU 

Single stream recycling and MRFs are designed to work together. The integrated nature of recovery and 
recycling presents various challenges. First, the MRF equipment is expensive and operation is still labor-
intensive with a requirement for manual pre-sorting. Second, the quality of the inlet stream affects 
operations. Plastic bags, organics, wet items, fine paper, and co-mingled materials impact operations. 
And, finally, markets must exist for the recovered materials. The Rhode Island facility, for example, was 
sending the MRF glass to SMI for cullet upgrading and sale. SMI’s primary customer, Ardagh, recently 
shut their beer bottle plant in Milford, Massachusetts. With no market for the recovered cullet, the MRF is 
now forced to find a new glass company customer (unlikely due to transport distance), send cullet to 
landfills, or have cullet used for ground cover. 

The hardness of glass causes wear of MRF equipment. Efforts are made to remove glass as early in the 
sorting process as possible to decrease equipment wear. In many cases where a market does not exist for 
the MRF glass, glass is removed as early as possible and shunted to the landfill stream.  

Another challenge for glass recovery at MRFs is that plastics and metals are more valuable than the cullet. 
For this reason, MRF operators invest in equipment to sort and upgrade these materials before spending 
resources to improve glass recovery rates or glass quality. When cullet can be sold, MRFs seek only to 
meet the standards required for sale. They leave the upgrading of the cullet to their cullet supplier 
customers. This has contributed to a gradual decrease in the quality of MRF glass available to the cullet 
suppliers.  

GPI and ISRI have worked to address the MRF glass quality issue by developing the ISRI Scrap 
Specification Circular 2016. A copy of this cullet specification is attached as an Appendix. In summary, 
the specification deals with the following issues. 

• Cullet value is directly related to non-glass residue and fraction of undersize glass.  
• Load can be rejected for >0.025% pyro-ceramics, gypsum, wallboard, drywall, glass from 

construction debris, and moisture-absorbing dessicants. 
• Load can be rejected for any CRT glass, leaded glass, tempered glass, flammables, radioactive 

materials, weapons, medical waste, insecticides, poisons, heavy metals, asbestos, and other hazardous 
wastes. 

The ISRI cullet specification is planned as a voluntary guideline for MRFs and cullet suppliers. The 
specification has been adopted by a number of organizations but not yet by all of them. As an extension of 
this effort, the Container Recycling Institute has advocated for developing a national standard for glass 
specifications that would help MRFs meet higher standards with superior uniformity of product cullet. 

Cullet Suppliers 

There are a number of these companies in the US. According to GPI data from 2013 there were 46 glass 
container manufacturing plants operating in 22 states (this is container plants). 16 cullet supplier 
companies were operating 51 glass beneficiating facilities (aka "glass processing" plants) in 27 
states.  The largest cullet supplier by far is Strategic Materials, Inc. SMI currently has more than 40 
facilities located around the country, most supplying cullet to glass companies and some supplying 
abrasives and roadbed material to other markets. Most other cullet suppliers operate only one or two 

https://www.youtube.com/watch?v=Jda_9_30-WU
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facilities. For example, Carry All Products (CAP) operates two facilities in Pennsylvania and ABCA 
Recycling in New Jersey has 15 employees and operates one facility. 

In the past, cullet suppliers often built their own equipment, but today they almost always use purchased 
equipment. A number of companies build equipment used by the cullet suppliers (and by the MRFs). A 
high percentage of these equipment makers are headquartered in Europe. The higher cullet requirements 
and stricter regulations in Europe have driven equipment evolution which places the equipment developed 
in Europe at a higher development level than most American equipment. The major European equipment 
makers have American affiliates to work with MRFs and cullet suppliers in the US. 

Cullet suppliers purchase MRF glass and cleaner glass from dual stream recycling. Cost to the cullet 
supplier is based on the quality of the input cullet. After sorting and upgrading, cullet is sold into multiple 
markets including container glass, fiberglass insulation, abrasives, and construction fill markets. Cullet 
makers are constrained by their customers, primarily the glass makers, on the price they can charge for 
clean cullet. At the same time, they must purchase, operate, and maintain costly equipment. They also 
upgrade their equipment as needed to meet tightening standards set by the glass companies. For example, 
one cullet supplier explained that recently quality standards have tightened and now require removal of all 
lead from the cullet stream. This adds cost to the cullet supplier with no way to pass that cost on to the 
customers. Cullet suppliers constantly strive to lower cullet costs by finding ways to process more tons of 
glass per hour through the same equipment and by utilizing better sorting and separation systems to 
improve cullet quality. 

The photographs below from the New York City Department of Sanitation (Processing and Marketing 
Recyclables in New York City, May 2004) illustrate the large difference in quality between separated glass 
(or dual stream glass) and glass collected in single stream recycling. The dual stream glass is much more 
easily processed to marketable cullet with a much higher quality. 

 
The cullet supplier sorting process is similar to that of a MRF but targeted at cullet upgrading. Equipment 
is a mix of older and newer hardware but with modern improvements. Conveyor belts, sensors, air jets, 
and collection bins are used. Drying chambers and glass breaking screens and/or hammer mills are also 
used at certain locations. 

The following general sequence is followed by one cullet supplier: 
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• Inlet MRF glass or glass from glass recovery facilities is tested for quality to establish price to be paid 
to the MRF and glass recovery facility 

• Impurities in the glass stream are then removed 
• Paper and light organics are removed, often using a star screen and air blowers 
• Metals are removed using magnets to push iron off the belt and eddy current to push aluminum off 

the belt 
• Along with the glass, the stream now includes ceramics, stones, and porcelain (CSP), and glass 

ceramics 
• If necessary, a drying step is included. The dryer can be a fluidized bed or other type but should not 

create glass undersized particles during drying 
• Glass is sized as needed for sorting. A common range is ¼ inch to 2 inches. Anything below ¼ inch is 

sent either to tri-mix for fiberglass makers or to abrasives production 
• Dried and sized cullet is then sorted. XRF and XRT have traditionally been used to separate out glass 

containing heavy metals such as lead. Today, this equipment is being replaced with spectral scanners. 
The scanners look at cullet pieces under specific wavelengths of light and then use air jets to blow 
undesired pieces into separate bins 

• Ceramics and glass ceramics are then removed 
• The final stream is glass only, and again spectral and hyperspectral imagining systems are used, this 

time to separate the cullet into amber, green, and flint streams 
• The glass is then sized for the customer 
• Quality is measured again 
• Finally, the cullet is sent back to glass manufacturing plants 
• The cullet sent for abrasives production is sized and bagged, often into a number of different size 

ranges. Abrasives are worth more per pound than cullet sent to glass manufacturers, but abrasives cost 
significantly more to prepare – one respondent stated that the cost to sorting and bagging the 
abrasives was more than the added income received 

• Other undersize glass is sent either for roadbed material, construction aggregate, landfill cover, or 
landfill 

A cullet supplier facility without sorting for glass ceramics has been depicted graphically by Dalmiyn and 
Houwelingen (Glass, April 1996, 137-41). The sequence of operations is varied as needed. For example, 
the drying step may not be needed for part of the year, or the drying step may be set at different points in 
the sorting process dependent on the amount of water removal required. 
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Cullet sorting lines can be arranged in different ways. As another example listed below, another 
respondent described the sorting steps starting with MRF glass that is arranged to produce cullet for sale 
to container or fiberglass companies: 

• Pre-sorting 
o Cullet from MRFs is transported up a conveyor 
o Magnets are used to remove ferrous material 
o Organics are then removed on a screen deck 
o Material is then crushed to size with care taken to minimize undersized cullet 
o Cullet drops through a screen to an organics separator – an air fan is used to blow out light 

paper and organics 
• Sorting 

o Drying process – commonly a fluidized bed or vacuum dryer 
o Air blown through the dryer also removes residual paper, sand, and dust 
o Dried cullet is segregated by size for the sorters – a coarse cut and a finer cut 
o Cullet on belts with nozzles and air jets is used to blow glass into desired bins 
o XRF is used for leaded glass and heavy metals removal 
o Heat resistant materials (Pyrex, etc.) is removed 
o Secondary ferrous is removed – if needed 
o Eddy current is used to remove aluminum 
o Hyperspectral imaging is used to separate ceramics, stones, and porcelain 
o Additional imaging sensors are used to separate final glass by color – if needed 

Technology and processes have improved over time. Quality requirements always match up against 
processing costs. In some facilities, cullet is run through the process twice to improve quality. Another 
effort is to process as many pounds of glass per hour as possible through the facility with the understand 
that final glass quality declines with increasing production rate. Most equipment is marketed by European 
companies to the US. The main types of sensors used are: 

• XRF – used for lead and heavy metal detection. Use is decreasing as improvements are made 
available in imaging equipment 
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• Hyperspectral imaging – used for color separation and detection of ceramics and porcelain. These 
systems can operate in the UV, visible, and IR bands or with multiple wavelengths 

• Magnets – iron removal 
• Eddy current – aluminum removal 
• Density and air streams – for paper and organics separation 
• Drying – technology designed to dry cullet without crushing or dust formation. Fluidized beds are 

common with vacuum dryers gaining in popularity to reduce dusting 

Recent process improvements have focused on ways to be more flexible while lowering labor and overall 
cullet processing costs per ton. Areas of improvement in cullet separation in the last 10 years include: 

• Less expensive and more compact XRF 
• Improved hyperspectral imaging 
• More accurate cullet separation using more air nozzles with developers limited by the time lag of 2-3 

msec between particle detection and air jet activation 
• Improved controls and diagnostics leading to more accurate separation at faster speeds 
• Higher throughput, faster speeds, and fewer passes to achieve needed cullet quality 

Improvements in the cullet supplier process and in measuring glass quality are left to the companies 
carrying out this work and to the makers of the deployed hardware. Organizations working to increase 
recycling rates and to improve MRF separation rates do not generally look at issues of cullet sorting and 
upgrading after the cullet leaves either the MRF or the glass recovery facility. 

Cullet is the most valuable product from a cullet supplier. Not all glass meets the needed standards, so 
companies make some cullet into less valuable products. Products in the order of most value are: 

• Flint glass cullet 
• Green and amber glass cullet 
• Tri-color glass cullet 
• Abrasives – higher price than cullet to glass makers but more costly to produce 
• Highway beads 
• Almost none is sold as aggregate – aggregate has almost no value 

Cullet suppliers and glass companies interact on a one-on-one basis. In practice this means that cullet 
suppliers must meet the requirements established by glass company procurement officers and the 
specifications established by glass company technical staffs. With some customers, cullet suppliers 
provide information on the quality of glass cullet. With other customers, cullet suppliers work regularly 
and actively with glass companies to establish and maintain cullet specifications. 

Cullet suppliers must establish prices for their product that glass companies will accept so cullet can be 
sold. Cullet is a replacement for raw batch, but the two feed materials are not identical. Cullet offers 
several advantages over batch. These include: 

• Energy savings – Energy costs drop about 2-3% for every 10% cullet used in the manufacturing 
process (GPI) 

• Longer furnace life – cullet can lower melt temperature and have less LOI and volatiles materials 
• Higher production rate – this benefit is not independent but is at the expense of energy savings and 

extended furnace life  
• Decreased CO2 emissions - One ton of carbon dioxide is reduced for every six tons of recycled 

container glass used in the manufacturing process (GPI) 
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• Social and marketing value – use of cullet is marketable as a ‘green’ technology but is hard to 
quantify 

Not all parties agree on the quantitative value of different benefits and savings provided by the use of 
cullet.  The energy savings are generally accepted and are factored into the value of cullet by cullet 
suppliers and glass procurement staff.  Longer furnace life and higher production rate are real but not 
achievable under all circumstances. Furnace life extension is most valuable at the end of a furnace 
campaign and not highly valued early in the campaign. Furnace production rate increase is only valuable 
during periods when furnaces are pulled at maximum or somewhat above maximum design pull rate. 
Longer furnace life and higher production rate are considered most valuable when a furnace is run 
steadily for long periods with the same batch formula. Changes in batch formula and furnace adjustments 
are seen as minimizing or eliminating these benefits of using cullet. Cullet is shown to reduce CO2 
emissions because fuel per ton is decreased and because cullet contains no carbonates that decompose 
during the melting process. Most glass companies in the US, however, are not CO2-constrained and place 
no dollar value on evolved CO2 emissions. This prevents procurement staff from placing a dollar benefit 
on CO2 emission reductions. There is social, marketing, and governmental regulatory benefit to using 
cullet. Placing a dollar value on this benefit is difficult, and procurement staff will claim it has no cash 
value. In some locations, specifically California, regulations require new containers must be made using 
at least 35% cullet. In these types of locations, the social benefit is minimal since regulations require all 
glass makers to use cullet. 

Glass Companies 

Although all glass can be remelted into new product glass, many industry segments do not recycle glass. 
Most recycled cullet is melted in container furnaces. Cullet is also melted in insulation fiberglass 
furnaces. There are efforts underway to accept cullet in continuous fiberglass furnaces, but information on 
the development status in this area is not publicly available. Continuous fiberglass has strict European and 
US alkali content limits that prevent use of high volumes as higher alkali-content cullet such as from 
container glass. 

The primary reasons most cullet is sold to container makers is that the vast majority of the waste stream 
glass in container glass (likely 90% or more). This makes recovery of sufficient quantities of other types 
of glass too costly to be practical. Container glass can be used in insulation fiberglass furnaces because 
these furnaces can utilize a certain amount of properly sized tri-mix container glass cullet. The second 
reason other glass industry segments do not accept post-consumer cullet is the higher quality standards for 
other glass products such as flat glass.  

Glass segments that do not purchase post-consumer cullet are making efforts to melt in-plant or dedicated 
external cullet. This allows these glass makers access to higher quality cullet with compositions either 
matching or similar to the glass being melted. These efforts are being undertaken on a company by 
company basis, often in cooperation with cullet suppliers who have the needed equipment and expertise 
for cullet sorting and upgrading. 

The vast majority of the MRF glass stream is sorted by cullet suppliers into clear (flint), amber, and green 
cullet. Some cullet is not sorted by color. This tri-mix of 3-mix glass is sold to fiberglass companies, is 
used to make abrasives, is sold for construction needs, or ends up as landfill cover. Cullet separated by 
volume is available in different quantities, has different specifications, and has different value. One 
general specification quoted was that flint must be at least 90% flint while amber needs to only be 70% 
amber. Specifications differ from plant to plant and company to company.   
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Glass companies carry out minimal inspection of the received cullet according to most respondents. The 
quantities are too large to inspect the received cullet without spending a large amount of labor. Past 
practices included regular inspection, but these practices have been largely abandoned. Glass companies 
rely on specifications of delivered cullet provided by cullet suppliers. This practice puts pressure on cullet 
suppliers to maintain needed quality standards. If specifications are not met the cullet supplier risks 
having delivered cullet loads returned or rejected. 

A problem for glass companies is that often there is only one source of cullet. This limits flexibility in 
supply and batching operations. Also, supplies vary depending on the glass color. Amber glass is most 
readily available and can be obtained most easily in desired quantities. Green cullet is less available, and 
flint cullet is in shortest supply. Multiple container glass companies stated that they would melt more flint 
cullet if there was more available supply. 

As noted with cullet suppliers, glass company procurement staff must buy cullet that meets specifications 
and is available with needed quantity and consistency. The sophistication of pricing models varies 
between glass companies and these formulas are proprietary. The larger companies tend to have invested 
in development of pricing formulas that account for quality of cullet. These formulas are unique to each 
glass company and are not shared since they are proprietary and competitive information.  

Cullet Sorting and Sensors – Quality Improvements 

Experts in dealing with cullet have identified multiple situations that occur with MRF glass and the glass 
recycling facility glass that can affect the cost and complexity of obtaining a clean, high quality cullet 
stream. These issues are not present at all cullet supplier facilities. The largest issues include: 

• Fine paper – Very small paper particles can be difficult to separate from fine cullet particles. Better 
ways to remove this paper are of interest. Some respondents indicated this is a growing problem, 
while other respondents stated that this is not a problem. 

• Water – Wet cullet is much more difficult to sort than dry cullet. The challenge is to develop efficient, 
fast drying processes that do not create undesirable undersized particles. Fluidized bed dryers are fast 
but can generate undersized cullet. Partial vacuum dryers are now being deployed to address the 
concerns of other dryers. This is not a universal concern. Wet inlet cullet is a concern at some cullet 
supplier facilities but not at all of them. 

• Undersized particles – Steps in the cullet chain of custody, including hammer mills designed to 
reduce the top size, produce undersized particles. Currently undersized particles (< ¼ inch) are used 
to produce glass abrasives or sorted and sold to fiberglass companies as a finer unsorted cullet tri-mix. 
Several respondents stated that fiberglass furnace operators are able to accept a finer particle size 
cullet than are container glass furnace operators. 

MRF glass and recycling facility glass often contains small amounts of metals, plastic, and paper that 
must be removed from the glass stream. Processes similar to those used in MRFs are deployed to reject 
these materials. Air jets, star separators, and gravity/density separators is used to remove plastics and 
paper. Iron is removed using magnetic separators. Special note must be made regarding glass with wire 
mesh inside. This material must be removed by magnetic separation. Eddy current separators are used to 
remove aluminum and other metals. Magnetic separators operate by pulling iron and steel pieces from the 
mixed stream. Eddy current separators create a varying electric field that creates repulsive forces in 
metals that push them away from the mixed stream. 

After removal of residual metals, plastics, and paper, the cullet stream is dried if necessary. The stream 
now contains mixed glass along with glass ceramics and a certain amount of ceramic, stone (small, 
crystalline particles), and porcelain (CSP) contaminants.  
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When the cullet stream contains CRT glass, other leaded glass, or glass containing heavy metals, these 
glasses must be removed. Older facilities relied on x-ray fluorescence (XRF) detectors that easily spot 
these heavy metals. X-ray based systems, or x-ray transmission (XRT), is a relatively fast, indirect sorting 
technique that can capture x-ray images in a few milliseconds. An imaging module focuses high-intensity 
x-rays into a sample. Some of this energy is absorbed and the rest is transmitted to a detector below the 
sample. The detected radiation provides information about sample atomic density, and this information is 
used to spot cullet containing lead and other heavy metals. X-ray sorting is generally performed with 
either dual-energy x-ray transmission (DE-XRT) or x-ray fluorescence (XRF) instruments. 

These XRF and x-ray transmission (XRT) devices have become more compact, but they are being 
displaced in the most modern sorting facilities. Removal of XRF and XRT devices eliminates the need for 
safety requirements with x-rays, and new imaging systems are less expensive.  

The change from CRT-based televisions to LCD and LED displays initially led to high volumes of 
discarded CRT glass, but the process has advanced to the point that less CRT glass is currently entering 
the waste stream. CRT glass can also be recycled, but this is not a common practice today in the US. 
Recycling requires melting the CRT glass and recovering the lead in a reduced metal form. The largest 
stockpiles of CRT glass in the US were amassed by Closed Loop Refining and Recovery. Closed Loop 
closed in 2016 having amassed the largest stockpiles of CRT glass. They left behind stockpiles estimated 
at 326 million pounds in Arizona (158 million pounds at multiple sites) and Ohio (168 million pounds at 
two sites). Disposition of these stockpiles to landfills is under negotiations (Resources Recycling, June 
2018). 

After removal of glass containing lead and heavy metals, optical sorters using spectral imaging are used 
to remove glass-ceramic and CSP contaminants from the cullet stream. These systems usually operate at 
wavelengths outside the visible range. Both UV and IR imaging are employed as is multiple wavelength 
imaging. In practice, cullet moves along a belt. Each piece is scanned and diagnostics are used to 
determine if the piece is glass or one of the contaminants. Air jets are used to knock contaminants off the 
belt and into collection bins. There is a lag time of 2-3 milliseconds between a diagnostic decision to 
remove a piece and activation of the air nozzle. This time delay is factored into the process. Also, the 
number and precision of air jets has improved with the latest models. 

The latest sorting systems used after removal of metals, paper, and plastics are optical and hyperspectral 
imaging systems.  

In optical sorting systems, the sensor scans and measures the attenuation of light of various colors which 
pass in view of the sensor. This technique is used in both the visible and ultraviolet regions. The figure 
below from Gundupalli, et.al. (Waste Management, Feb. 2017) shows that glass first passes through an 
inspection zone and is illuminated by red, blue, and green LEDs. The cullet samples attenuates the LED 
lights depending on their color, and the attenuation is compared with reference colors to identify cullet 
color. Compressed air jets then knock the cullet into color-segregated bins. Where paper labels are a 
problem in sorting, infrared and ultraviolet light can be used to see through the labels and carry out the 
sorting process. 
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Ultraviolet light (UV) is used for separating glass ceramics, leaded glass, borosilicate glass, and other 
non-container glasses from the cullet stream. Samples on a belt are irradiated with UV light. Based on 
glass properties and composition, the UV light is absorbed and attenuated. The intensity of attenuation is 
compared with reference values to identify each cullet piece. Air jets are used to reject non-container 
glass into prepared bins. The latest developments in fused sensors combine both UV and visible sensors 
so that glass ceramics and metal-bearing glasses can be rejected and colored glass can be sorted in a 
unified operation. 

A number of spectral imaging systems for sorting are gaining prominence. Spectral imaging combines 
spectral reflectance measurements with image processing. Systems have been described for near-infrared 
(NIR), visible (VIS), and hyperspectral (HIS) imaging. A hyperspectral imaging system is similar to a 
laboratory spectrometer and can produce images over a continuous range of narrow spectral bands. In the 
real-world system, cullet on a belt passes under a monitor and a spectral CCD camera acquires spectral 
data continuously at a designed frequency. After data processing, cullet pieces are classified using a 
classification algorithm. As with other sorting systems, air jets are triggered by the diagnostics to separate 
cullet into segregated bins. An important area of development is in improving the performance of the 
classification algorithms. For example, for NIR imaging, principal component analysis is being applied to 
reduce the dimensionality for classification of the spectral data. The image below from Gundupalli, et.al. 
(Waste Management, Feb. 2017) illustrates the hyperspectral imaging sorting of glass ceramic 
contaminants. The system includes a CMOS spectrometer camera, a conveyor belt, air jet ejection system, 
and collection bins. 
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HIS systems operating in the mid-infrared range have been proposed, but commercial systems tend to 
operate using radiation in the NIR and visible regions. Many MRFs and cullet supplier facilities employ 
these devices. NIR is used in particular to classify glass ceramic materials. 

A list of references related to optical and hyperspectral imaging in presented in Appendix E. Discussions 
with experts have not yet determined which of the patented approaches have been reduced to practice at 
this time. 

A number of companies manufacture and support equipment for separating cullet from other recyclables 
and waste and for sorting the glass.  Most of these companies are based in Europe.  Major companies 
operating in this area include: 

• KRS Recycling Systems – www.krsrecyclingsystems.us – optical and hyperspectral sorting 
equipment, full line of equipment for sorting cullet 

• Eriez Meral Recycling Equipment – www.ereiz.com – primarily metals recovery 
• Austin AI – www.austinai.com – XRF, LIBS, and terahertz sorting equipment 
• Redwave – www.redwave-us.com – leader in XRF technology, also optical sensor, full turnkey plant 

design and support 
• MSS – www.mssoptical.com – optical sorting equipment, ColorSort line, division of the CP Group – 

www.cpmfg.com  
• Binder+Co AG – www.binder-co.com – world leader in optical sorting equipment, CLARITY 

systems used by SMI 
• SEA – www.seasort.com – part of Cimbria group – optical and hyperspectral sorters 
• Allgaier – www.allgaier-process-technology.com – optical, NIR, XRF sorting hardware 
• Sesotec – www.sesotec.us – S+S glass sorting systems 

In conversations with representatives of these companies, several trends are clear.  All respondents agree 
that optical sorting and hyperspectral imaging are the areas receiving the most current attention and 
achieving the largest improvements.  Most respondents claim that their equipment is better than the 
results actually achieved in American cullet separation facilities.  With proper design and expenditure, 
they argue that US facilities could achieve much higher product cullet standards.  No respondent felt 
metals or plastics are a major challenge because they can be quantitatively removed.  Various responses 
regarding challenges include fine paper, moisture (drying), undersized cullet particles, and organic 
material.  Equipment to deal with these stream contaminants is costly.  A further challenge is the 
variability of the cullet supplied from different MRFs.  Cullet separation facilities can be adjusted for 
variable make-up of the inlet cullet stream, but this adds cost and complexity that is usually not included 
in US cullet separation facilities.  To put the sorting challenge into perspective, the photo below shows 
the mixed inlet cullet supply to an SMI facility. 

http://www.krsrecyclingsystems.us/
http://www.ereiz.com/
http://www.austinai.com/
http://www.redwave-us.com/
http://www.mssoptical.com/
http://www.cpmfg.com/
http://www.binder-co.com/
http://www.seasort.com/
http://www.allgaier-process-technology.com/
http://www.sesotec.us/
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Despite the new ISRI standard for cullet leaving MRFs, cullet suppliers have pointed out that most are not 
yet working with or meeting that standard. 

Ways Identified to Increase US Glass Recycling 

A number of challenges facing cullet recycling in the US have been identified. Many of these challenges 
that must be implemented by policymakers and consumer practices are being addressed by other 
organizations. The technical aspects of improving cullet quality and lowering the cost of separating cullet 
streams are left to equipment manufacturers. Challenges of note that were listed by multiple respondents 
include: 

• The decreasing quality of available cullet from MRFs using single stream recycling. There are 
multiple reasons for this decline, but the largest seem to be a decline in the quality of the MRF inlet 
stream and a MRF focus on other recyclable materials with less attention paid to glass. 

• A significant fraction of glass enters waste streams never enter MRFs and goes directly to landfills. 
This problem must be addressed on a municipal level. Programs such as bottle bills, glass recycling 
centers, and curbside sorting (e.g. Fayetteville, AR) are needed to generate cleaner cullet streams. 

• There is a wide variation of sorting equipment in use in MRFs across the country. The quality of 
MRF glass improves when MRFs are modernized. This modernization must be locally supported with 
enough municipal and State officials backing the efforts. 
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• A significant fraction of the glass entering MRFs ends up in the landfill stream and not in the MRF 
glass stream. This is partly the result of handling practices and available equipment. Some loss of 
glass in the MRF is unavoidable. Changing practices is difficult because glass is the least valuable 
recyclable material sent to MRFs. MRF operators invest more in equipment to sort plastics than on 
equipment to sort glass or in practices to collect more cullet. 

• MRFs often do not have a ready market for glass. There are over 400 US MRFs and only a little more 
than 50 cullet supplier facilities. Transportation costs limit the distance for affordable hauling of MRF 
glass to a cullet supplier facility. The practical distance, however, increases with the quality of cullet. 
This means dual-stream glass or sorted glass can be profitably hauled a much further distance. 

• Many MRFs make more money by taking recycling credits and avoiding cullet transportation costs, 
with cullet ending up in landfills. 

• The single stream of recyclables is more valuable when glass is not included in the stream. For this 
reason, some MRFs and some single stream recycling programs do not accept glass. This can be a 
positive situation if glass is separated into a separate, clean stream either by consumers or at curbside. 
This can be a negative situation if glass is discarded in the general waste stream going to landfills. 

• There are location challenges with glass when MRFs are not near enough to the locations of glass 
recovery facilities and glass plants. 

• The high cost of cullet transport limits how much cullet is returned to glass plants. 
• Cullet supplier facilities are costly, and this cost must be recouped by selling cullet to glass 

companies. Cullet suppliers are price constrained because cullet competes against raw batch as an 
feed stock material. 

• The quality of MRF glass to cullet supplier facilities is variable. The ISRI quality standard for MRFs 
in helpful but not universally implemented. 

• The tonnage rate through cullet recycling facilities and the precision of separating the cullet is a 
hardware challenge. The goal is to lower capital cost per ton of product cullet while achieving the 
highest quality of cullet possible. 

• On-line sensors and the diagnostics for separation process control are constantly evolving. Sensors 
that enable rapid adjustments to monitor and maintain quality are critical to high quality cullet 
production. 

• Sensors for detecting glass with heavy metals (especially lead), CSP (ceramic, stones, porcelain), 
glass ceramics, and glass colors must evolve to meet tightening standards for glass company delivery. 

• There is no accepted standard for pricing the benefits of cullet. Suppliers and glass companies put 
different values on the benefits offered by using cullet. 

• Glass companies rely on cullet suppliers to meet the claimed quality in each load delivered. The 
ability to cross-check the quality of cullet would help improve the consistency of culet and would 
help furnace operators better calculate furnace formulations. 

• Education on the benefits of cullet varies between members of the cullet chain of custody, including 
glass company staff. Better information would teach plant operators how cullet can best be used to 
lower energy costs and to improve glass production. 

The information in this survey has been gathered through reading, study of publications, facility visits, 
and discussions with professionals actively involved in dealing with glass cullet. Many more companies 
and equipment makers could be contacted, but the picture presented is believed to be complete enough to 
provide the reader with a fair understanding of how post-consumer glass is collected, processed and 
ultimately returned as clean cullet to glass makers. This survey has also identified the primary types of 
organizations involved in the steps in the chain of custody 
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Increasing the amount of recycled glass in the US can be considered as a two-fold problem. 

1. Actions to increase the amount and quality of glass entering and passing through the chain of custody 
2. Actions to improve the quality and lower the cost of recycled cullet along with actions to educate 

organizations in the chain of custody 

A number of organizations are actively engaged in the first activity area. These include GPI, CRI, the 
Glass Recycling Coalition, municipal and State officials, ISRI, and others. Actions in the second area in 
the US have been primarily carried out by private companies. The second area is where GMIC appears to 
be suited to provide the largest impact. GMIC activities could include: 

• Support of organizations working to increase the fraction of post-consumer glass collected and 
processed through MRFs 

• Lifecycle analysis of post-consumer glass. An open-source, neutral analysis would provide the 
information needed by all organizations in the chain of custody, but particularly the cullet suppliers 
and glass companies, to assess the value of cullet. This analysis would provide means to compare the 
full cost of cullet against the full cost of batch materials. The analysis would also provide users the 
ability to assess the impact of quality changes. All benefits of cullet would be included with the 
option to weight the benefits in specific situations. 

• Education of organizations in the chain of custody and forums to showcase the lifecycle analysis and 
new technologies used as sensors and sorting equipment in cullet processing. Education can also 
include development of more comprehensive and standardized, open cullet quality guidelines as well 
as vetted protocols for confirming cullet composition and properties.  

• Leading research efforts into full MRF and cullet supplier facility automation and advanced sensors. 
Improvements are being made, but more development is needed in advanced areas. Specific sensor 
improvements cited by survey respondents include: 

o On-line sensors for ultra-fast monitoring of cullet during the upgrading process. These 
sensors must tie into advanced diagnostics. A promising area of research is in multi-sensor 
fusing and data fusing tied into advanced diagnostic systems (Gundupalli, Thakir, Hait, A 
Review of Automated Sorting of Source Separated Municipal Solid Waste for Recycling, 
Waste Management, Feb, 2017). 

o Further development of hyperspectral imaging sensors. These sensors have become very 
powerful, and they have become fairly inexpensive. As quality requirements tighten, there is 
a continued need for developing better camera systems. 

o Whole new classes of sensors using other material properties could be helpful. Examples 
include Raman spectroscopy and Laser Induced Breakdown Spectroscopy (LIBS) that are 
currently both too expensive to be used in real-world situations.  

o Portable sensors and open protocols for glass companies to check and monitor the quality of 
cullet. The large quantities involved make this a challenge, but such devices and protocols 
would provide glass companies ways to have more control over cullet analysis rather than 
relying completely on data provided by cullet suppliers. 

• Supporting research into alternative markets for cullet 

Ways GMIC Could Support Cullet Recycling 

No areas have been identified that would be considered transformational in cullet handling that GMIC 
could support.  However, several research areas have been identified that could make a significant impact 
on the quantity and quality of cullet recycled to the glass industry.  These identified areas include: 
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1. Fines or undersize particles – Fines are usually sent from MRFs to landfills and never recycled.  
In cullet separation facilities fines below 2-4 mm are separated out as either a waste stream or as a 
feed stream to make marketable glass abrasives.  Fine particles can cause handling problems, and 
identifying fine particles as glass and determining color is difficult.  Finding ways to recover and 
use these undersize particles would immediately increase the amount of recycled cullet because 
these fines are already in the MRF-cullet facility chain of custody.  Multiple options include 1) 
briquetting the fines, 2) using fines for alternative markets, and 3) developing sensors that can 
sort fine particles. 

a. Briquetting is promising but presents challenges including color separation, equipment 
and binder cost, impact of organic binders on the glass melting process, and stability of 
the briquettes. 

b. Alternative markets have economic challenges in that the glass may have less value then 
for glass making. Promising higher-value markets include filtration media and bricks 
with superior strength and water resistance. 

2. New classes of sensors – The larger sensor companies (such as Redwave) claim to regularly look 
at sensors based on other approaches, but are not selling them because they are currently too 
costly to develop and sell.  Research to develop Raman spectroscopy, LIBS, terahertz cameras, 
NIR absorption spectroscopy and other approaches would yield separation advantages in certain 
separations if the devices were fast enough, reliable enough, and inexpensive enough. 

3. True cost, lifecycle analyses, and characterization – Often the true cost of cullet compared with 
raw batch is not known accurately enough. Many factors must be considered and the benefits 
perceived by cullet suppliers may not be realized by the glass maker.  An open-source, unbiased 
cost analysis with variable inputs could help increase cullet use and develop stable and growing 
markets. Development of tools and protocols to characterize cullet compositions, color, and 
properties would enable clearer pricing and market paths. 

4. Real-time sensors and spot sensors – Several companies have technology to monitor cullet 
moving through the cullet separation facility.  This technology is rarely used in the US but could 
help improve cullet quality if implemented in a cost effective way.  Less expensive methods with 
better diagnostic interfaces would be beneficial. At the end of the cullet separation process, 
suppliers analyze the product cullet sent to glass companies.  Faster, more reliable, and less 
expensive hardware and protocols to conduct this analysis at the cullet separation facility and at 
the glass plant would help the chain of custody produce more reliable streams of cullet meeting 
ever tightening standards of quality demanded by glass makers.  

As a trade association, GMIC is best suited to carry out activities with the most interest to the largest 
number of its members.  Of the identified areas in which GMIC is suited to participate, true cost, lifecycle 
analysis, and characterization is an area in line with the interests of the most GMIC members and the 
broad glass industry. Work in this area would need to include organizations including at least one major 
university with expertise in lifecycle analysis and economic calculations, cullet suppliers, glass companies 
that purchase post-consumer cullet, and standards developers such as NIST.  A validated, open-source 
effort could be made available to all GMIC members as a benefit of association membership. 

The other technical areas in which GMIC can potentially guide developments include utilization of 
undersized particles to directly increase cullet recycle, in-line sensors for use during cullet separation 
operations, and practical, inexpensive, and reliable sensors to monitor the properties of cullet delivered to 
glass companies. 
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Final Thoughts – Expanding Glass Recycling – Alternate Cullet Applications 

Container glass accounts for the vast majority of glass in the post-consumer waste stream. But other glass 
compositions are also discarded. Construction and demolition waste (CD) can include a large amount of 
window glass, both glazed and laminated. CD waste is sent to landfills. Automotive windows are 
disassembled to recover the binder, and this glass can be recycled if markets exist. But this glass is not 
shipped to container glass makers. CRT glass is no longer manufactured in the US, so this glass cannot be 
returned to make new CRTs. CRT glass does have other potential applications such as for lead smelter 
feed stock, but its use to make bricks or stemware is limited. The recycle of fluorescent lighting tubes is 
complicated by the presence of mercury. Some fluorescent tubes are recycled to the insulation fiberglass 
market. 

Recycle of cullet back to new containers provides a closed loop process. Cullet prices vary but currently 
are in the range of $90/ton. The price of cullet is highest for flint, followed by amber, and then green 
glass. Note that (according to a Carry All Product expert) the small fraction of blue glass ends up mixed 
together either with amber or green cullet. The figure below illustrates the historic variation in cullet 
prices and the differences in prices for different cullet colors. This information is current only through 
2005 and is specific to New York City, but the trends are relevant across the US. 

 

Many organizations, companies, and municipalities have looked for alternative uses for recycled cullet. 
Cullet is routinely used to produce abrasives and used in a number of cement and road bed filler 
applications. In the early 2000s New York City produced glassphalt, asphalt with glass cullet replacing 
aggregate. Development found that cullet particle size was critical for success. Also, the asphalt binder 
sticks better to aggregate than to cullet. Despite these difficulties, the program was operated continuously 
for several years. Ultimately the program ended when cullet became in short supply. Also, new methods 
of recycling old asphalt into new road surfaces led to a 40% decrease in the amount of new asphalt 
needed for road surface repair. Despite these challenges, glassphalt remains an interesting opportunity for 
cullet recycling. 
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In 2003 the EPA published a well-sourced report examining the full range of possible alternative markets 
for cullet (Reuse/Recycle of Glass Cullet for Non-Container Uses, John Reindl, July 2003). The details of 
this study make for interesting reading. Offered here is the list of the non-container uses for cullet cited in 
the EPA report. 

• Art glass 
• Blasting abrasives 
• Industrial fillers 
• Component in paint 
• Septic filtration medium 
• Water filtration medium 
• Construction aggregate 
• Structural fill material 
• Dust control at construction sites 
• Glass with epoxy binders for countertops and decorative applications 
• Glassphalt 

Other applications of cullet listed by other developers but not described in the EPA report include: 

• Playground surfaces 
• In-ground pipe bedding material 
• Glass bricks 
• Landscaping for both structural and decorative applications 
• CRT glass cullet used for lead smelter fluxing 

Real markets exist for many of these applications. Some markets are small and have room for 
development. This list is intended to show the wide range of possible cullet applications. New 
applications are of interest to the recycling community. 

One challenge in the recycling of large volumes of cullet is that in many practical situations there is an 
oversupply of green and amber cullet and an undersupply of flint cullet. Researchers have experimented 
with approaches to convert colored glass into clear glass that can then be used to make new flint 
containers. Investigation has found these are all laboratory concepts at this time, but they are interesting 
approaches. Several of the studies may lead to future innovations in cullet handling and recycling. The 
British Waste and Resources Action Programme published a report titled Feasibility of the Reduction of 
Colour within the Glass Furnace (March, 2004, ISBN: 1-84405-090-4). Topics covered in this report 
include: 

• Dilution, decolorizing, and color balancing 
• Crystallization and phase separation 
• Reductive melting 
• Electro-chemical methods 
• Wet chemical extraction 
• Irradiation as an alternative coloring system 

While certainly not an exhaustive list, these approaches to color modification and removal of color 
demonstrate that means may exist to alter cullet chemistry to broaden commercial sale and recycling. 
Examining these and other cullet modification techniques is beyond the scope of this survey but may be 
of interest to the readers. 
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Appendix A – From Glass Packaging Institute’s Web Page 
(www.gpi.org) 

Glass Facts 
• Glass is 100% recyclable and can be recycled endlessly without loss in quality or purity. 
• Glass is made from readily-available domestic materials, such as sand, soda ash, limestone and “cullet,” the 

industry term for furnace-ready recycled glass. 
• The only material used in greater volumes than cullet is sand. These materials are mixed, or “batched,” heated to 

a temperature of 2600 to 2800 degrees Fahrenheit and molded into the desired shape. 
• Recycled glass can be substituted for up to 95% of raw materials. 
• Manufacturers benefit from recycling in several ways: Recycled glass reduces emissions and consumption of 

raw materials, extends the life of plant equipment, such as furnaces, and saves energy. 
• Recycled glass containers are always needed because glass manufacturers require high-quality recycled 

container glass to meet market demands for new glass containers. 
• Recycled glass is always part of the recipe for glass, and the more that is used, the greater the decrease in 

energy used in the furnace. This makes using recycled glass profitable in the long run, lowering costs for glass 
container manufacturers—and benefiting the environment. 

• Glass containers for food and beverages are 100% recyclable, but not with other types of glass. Other kinds of 
glass, like windows, ovenware, Pyrex, crystal, etc. are manufactured through a different process. If these 
materials are introduced into the glass container manufacturing process, they can cause production problems 
and defective containers. 

• Furnace-ready cullet must also be free of contaminants such as metals, ceramics, gravel, stones, etc. 
• Color sorting makes a difference, too. Glass manufacturers are limited in the amount of mixed color-cullet (called 

"3 mix") they can use to manufacture new containers. Separating recycled container glass by color allows the 
industry to ensure that new bottles match the color standards required by glass container customers. 

• Some recycled glass containers are not able to be used in the manufacture of new glass bottles and jars or to 
make fiberglass. This may be because there is too much contamination or the recycled glass pieces are too 
small to meet manufacturing specifications. Or, it may be that there is not a nearby market for bottle-to-bottle 
recycling. This recovered glass is then used for non-container glass products. These "secondary" uses for 
recycled container glass can include tile, filtration, sand blasting, concrete pavements and parking lots.  

• The recycling approach that the industry favors is any recycling program that results in contaminant-free recycled 
glass. This helps ensure that these materials are recycled into new glass containers. While curbside collection of 
glass recyclables can generate high participation and large amounts of recyclables, drop-off and commercial 
collection programs tend to yield higher quality recovered container glass. 

Glass Recycling Statistics 
• Glass bottles and jars are 100% recyclable and can be recycled endlessly without any loss in purity or quality. 
• The container and fiberglass industries collectively purchase 3 million tons of recycled glass annually, which is 

remelted and repurposed for use in the production of new containers and fiberglass products. 
• Over a ton of natural resources are saved for every ton of glass recycled. 
• Energy costs drop about 2-3% for every 10% cullet used in the manufacturing process. 
• One ton of carbon dioxide is reduced for every six tons of recycled container glass used in the manufacturing 

process. 
• There are 46 glass manufacturing plants operating in 22 states.  16 companies operate 51 glass beneficiating 

facilities (aka "glass processing" plants) in 27 states.  At the glass processing plants, recycled glass is further 
cleaned and sorted to spec, then resold to the glass container manufacturing companies for remelting into new 
food and beverage containers. 

• In 2013, 41.3% of beer and soft drink bottles were recovered for recycling, according to the U.S. EPA. Another 
34.5% of wine and liquor bottles and 15% of food and other glass jars were recycled. In total, 34% of all glass 
containers were recycled, equivalent to taking 210,000 cars off the road each year. 
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• States with container deposit legislation have an average glass container recycling rate of just over 63%, while 
non-deposit states only reach about 24%, according to the Container Recycling Institute. 

• Beverage container deposit systems provide 11 to 38 times more direct jobs than curbside recycling systems for 
beverage containers. (Source: The Container Recycling Institute, "Returning to Work: Understanding the Jobs 
Impacts from Different Methods of Recycling Beverage Containers"). 

• About 18% of beverages are consumed on premise, like a bar, restaurant, or hotel. And glass makes up to about 
80% of that container mix. 

• In 2008, NC passed a law requiring all Alcohol Beverage Permit holders to recycle their beverage containers. 
Since then, they have boosted the amount of glass bottles recovered for recycling from about 45,000 tons/year 
before the ABC law to more than 86,000 tons in 2011. 

• Glass bottles have been reduced in weight approximately 40% over the past 30 years. 
• Recycled glass is substituted for up to 95% of raw materials. 
• Manufacturers benefit from recycling in several ways—it reduces emissions and consumption of raw materials, 

extends the life of plant equipment, such as furnaces, and saves energy. 
• An estimated 80% of all glass containers recovered for recycling are remelted in furnaces, and used in the 

manufacture of new glass containers.  Source, Strategic Materials, Inc. 
• Recycling 1,000 tons of glass creates slightly over 8 jobs. (Source: 2011 Container Recycling Institute). 
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Introduction 
The Glass Recycling Coalition (GRC) is a non-competitive, collaborative coalition 
focused on making glass recycling work. In the spring of 2017, GRC conducted its first 
survey of the following groups in order to measure how different members of the glass 
recycling chain viewed the current state of glass recycling, to better provide services to 
improve it: 

 

• public sector (recycling coordinators and solid waste staff from cities, counties, 
solid waste districts, and state environmental departments) 

• materials recovery facilities (MRFs) 
• end market representatives (brands, bottle manufacturers, fiberglass 

representatives, and processors) 
 

GRC conducted the survey again in 2018 to measure changes in attitude, track progress 
in improving glass recycling, report out on current conditions, and guide the direction of 
future GRC efforts. 

 

This report presents the results of the 2018 Glass Recycling Survey with a comparison 
to the 2017 results. These findings provide a real-time attitudinal snapshot of how glass 
is currently recycled, how it is collected and processed, and where it ends up. The 
findings also show current beliefs about glass recycling from numerous perspectives. 
Finally, the survey offers insight into the types and extent of glass recycling challenges, 
as well as interest in tools and financial resources to aid with these concerns. GRC 
intends to conduct this survey annually to mold GRC effectiveness. 

 

KEY FINDINGS 

The attitudes and experiences about glass recycling found in the 2017 survey largely 
held true in 2018, with notable changes noted below. 

 

– Expectations of consumers and residents to be able to recycle glass decreased 
slightly. Ninety-three percent of respondents from the public-sector, and 92 
percent of the total three groups surveyed indicated that their 
residents/customers expect to recycle glass compared to 96 percent and 95 
percent, respectively, in 2017. 

 

– Concern about glass recycling decreased by 14 percent among public-sector 
respondents from 2017, while concern increased among glass industry 
respondents by 14 percent.  Both sectors identified cost-effectiveness as a top 
concern. 

 

– Respondents care what happens to recycled glass; 53 percent of public-sector 
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respondents and 74 percent of glass industry respondents indicated that the final 
destination of recovered glass is important to them (down from 75 percent and 85 
percent, respectively, in 2017). Both groups ranked bottle-to-bottle recycling as 
their preferred end use of recovered glass 

 

– Twenty-seven percent of MRF respondents have additional glass cleanup 
equipment, compared to 40 percent of MRF respondents in 2017. 

 

– About 50-60 percent each of public-sector and glass industry respondents facing 
glass recycling challenges expressed interest in public-private partnerships and 
grants to improve glass recycling. 

 

– Nearly 80 percent of respondents from each of the three groups surveyed believe 
the cost of collecting and processing recyclables should be shared among 
various members of the recycling chain, up from half of each group in 2017. 
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ABOUT THE GLASS RECYCLING COALITION 

The Glass Recycling Coalition (GRC) brings together a diverse membership of 40 
companies and organizations representing glass container and fiberglass manufacturers, 
brands that use glass to showcase their products, haulers, processors, material  
recovery facility, capital markets and end-markets to make glass recycling work. 

 

Established in April 2016, GRC is a non-competitive coalition of U.S. value chain 
members involved in glass recycling and dedicated to supporting the most accessible 
and viable glass recovery and recycling options for consumers. The coalition 
encourages financially sustainable mechanisms that produce quality cullet and 
strengthen glass markets. For more information, contact info@glassrecycles.org 

 

GRC Members: 
 

Allagash Brewing Company 
Ardagh Group 
Balcones Resources 
Bell’s Brewery 
Binder USA 
Brewer's Association 
Diageo 
CP Group 
Emterra Group 
Gallo Glass 
Good Planet Laboratories 
Goose Island 
Glass Packaging Institute 
Heineken 
Institute of Scrap Recycling Industries (ISRI) 
Knauf Insulation 
Machinex 
National Waste & Recycling Association 
Northeast Recycling Council (NERC) 
New Belgium Brewing 
North American Insulation Manufacturers 
Association (NAIMA) 
O-I 
Owens Corning 
Rumpke Recycling 

PACE Glass 
Pernod Ricard USA 
Pratt Industries 
Republic Services 
Ripple Glass 
Rocky Mountain Bottle Company 
Sierra Nevada Brewing Company 
Sims Municipal Solutions 
Southeast Recycling Development Council 
(SERDC) 
Strategic Materials 
The Recycling Partnership 
Urban Mining NE 
Waste Management 

 

Government Advisory Council Members: 
Massachusetts Department of Environmental 
Protection 

State of Washington State Department of 
Ecology 
City of Fort Collins Waste Reduction & 
Recycling 
Rhode Island Resource Recovery Corporation 
City of Houston Solid Waste Management 
Department 

mailto:info@glassrecycles.org
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Survey Results 
The GRC offered the survey to public-sector representatives, MRFs, and glass industry 
members nationwide for six weeks from the end of April through beginning of June 2018. 
Over 5,400 municipal officials, MRF contacts, and glass industry members received an 
email with an electronic link to the survey; 289 recipients clicked the survey link from 
these emails. Additionally, the survey was posted on the GRC website and social media 
pages and was promoted to the audience GRC’s webinar “Glass Recycling Solutions 
and the Role of Fiberglass as a Consumer and Industrial End Market” on April 26, 2018. 

 

More than 300 representatives throughout the glass recycling value chain provided their 
perspectives on the state of glass recycling in the survey. Figure 1 shows the breakdown 
of respondents amongst the public-sector (203 respondents), MRFs (82 respondents), 
and the glass industry (19 respondents) (note: some public-sector respondents also 
represent a MRF, and are counted under both sectors). Public-sector respondents 
represented 77 percent of total survey 
respondents. The 2018 survey 
received approximately 50 additional 
responses over the 2017 survey. The 
number of respondents increased in 
each sector increased; however, the 
2017 survey grouped “other” 
respondents in with the glass industry 
though this category was removed in 
the 2018 survey. 

 

Each sector answered a set of 
questions that pertained to their 
sector; the survey results are 
presented in this report by these 
groups. While a number of questions 
only pertained to one sector, the 
survey included common questions 

 

 

 

 

Figure 1- Breakdown of survey respondents by 
sector 

across each category to provide comparative analysis.  Given the small number of MRF 
and glass industry representatives that responded to the survey, comparisons can only 
be made for the survey respondents, and may not represent the industry as a whole for 
those groups. Furthermore, changes in survey results between 2017 and 2018 are due 
in part to the increase in survey respondents (e.g., the number of MRF responses more 
than doubled), not purely changes in the US recycling landscape. 

 

Figure 2 illustrates where respondents are from in the US. Survey participation was 
highest in the southeast. 
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Figure 2- Geographic Representation of All Respondents 
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Public Sector Responses 
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PUBLIC SECTOR 

Public-sector representatives from municipalities, counties, solid waste districts, and 
states provided insight on community recycling programs and the glass recycling 
challenges they face. Many are the respective policy makers in their jurisdictions, but 
this characteristic was not measured. Public-sector responses increased from 175 in 
2017 to 203 this year. 

 

Community Recycling Programs 

Table 1 shows the prevalence of different collection systems used to collect glass in 
respondents’ communities (note that percentages add to over 100 percent because 
communities may have more than one system for collecting glass). More than half of 
respondents have glass collection available through a drop-off program. Glass may also 
be collected at curbside in some of these communities, while in others it may be the only 
collection method used for glass. More than half of respondents collect glass through a 
single stream curbside program. Eleven percent of public-sector respondents do not 
recycle glass, similar to the findings from the public-sector in 2017. Finally, single stream 
recycling with glass continued to grow while older residential methods decreased, 
despite current difficulties with markets for many materials due to dramatic changes (i.e. 
China, tariffs, etc.) year over year. 

 

Table 1- Prevalence of different systems to collect glass among public-sector 
respondents 

 

Collection System Percent of Respondents 
That Use Collection 

System, 2018 

Percent of Respondents 
That Use Collection 

System, 2017 
Single stream curbside 55% 49% 
Dual stream curbside 6% 9% 
Glass collected 
separately at curbside 

9% 13% 

Source separated 
curbside collection 

5% 8% 

Drop off 59% 65% 
None 11% 12% 
Other 7% 4% 

 

Two-thirds of public-sector respondents have made changes to their recycling programs 
in the face of current market conditions (Figure 3). Over half of public-sector 
respondents have increased recycling education. One-third of public-sector respondents 
have made no changes in response to market conditions. Several respondents who 
selected “other” have increased manual sorting to reduce contamination. 
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Figure 3- Changes made to public sector respondents' recycling programs in response 
to current market conditions 

 

Residents overwhelmingly want to recycle glass: 93 percent of public-sector 
respondents indicated that residents in their community expect to recycle glass. The 
public sector’s responses illustrate the influence of their residents in their decisions 
around recycling. Respondents were asked for the top three reasons glass should be 
kept in recycling programs , and they most commonly selected “Residents want to 
recycle glass” (selected by 72 percent of respondents, down from 86 percent in 2017). 
The influence of residents’ concerns is not specific to glass recycling, but to recycling 
programs on the whole. 

Increased education 54% 

No change to current process 33% 

Changed acceptable recyclables 21% 

Other 15% 

Changed processors 5% 

Installed cleaning equipment 4% 

0% 10%   20%   30%   40%   50%   60%   70%   80%   90%  100% 
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Figure 4- Public-sector respondents’ top reasons glass should be kept in recycling 
programs. Common “Other” responses were to support manufacturers/jobs or that glass 
should not be recycled. 

 

 

When asked for the top three program priorities for recycling in their community (Figure 
5), respondents most commonly selected “resident satisfaction” (65 percent of 
respondents). The top reasons to keep glass in recycling and recycling program 
priorities were largely consistent with responses from 2017; however, one noteworthy 
finding is that the desire to reduce contamination in community recycling programs 
increased by 13 percentage points in 2018 as quality restricted market choices severely 
for residential programs in 2018. 

Residents want to recycle glass  
 

Divert glass from the landfill 

 

To meet recycling/sustainability goals 

 

51% 

50% 

48% 

Carbon emission and greenhouse gas savings 

 

Avoid landfill tipping fees 

Prevent illegal dumping/litter 

Other 

 

15% 

18% 

15% 

12% 

15% 

Less need for waste-to-energy 

6% 

 

0% 20% 40% 60% 80% 100% 

Percent of public-sector respondents 
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Figure 5- Public-sector respondents’ top priorities for community recycling programs 

 

 
Figure 6a illustrates which member(s) of the recycling value chain public-sector 
respondents suggested should cover the cost of collecting and processing recyclables. 
Over three-quarters of public-sector respondents believe that two or more entities should 
share these costs, up from about half of respondents in 2017. Of the respondents that 
selected one entity to cover the costs of recycling, most selected either residents or 
packaging manufacturers. 

 

Figure 6b breaks down which groups public-sector respondents believe glass recycling 
net costs should be shared with. Residents were most often selected. Packaging 
manufacturers, the most common selection in 2017, was second. Over half of these 
respondents indicated that cities/counties should share the service costs of recycling 
glass. 

Resident satisfaction with recycling program 

Meet recycling/sustainability goals 

Reduce contamination of recyclables 

Viable end markets 

Less need for landfills 

Revenues from recyclables 

Avoid landfill tipping fees 

Transportation costs 
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Figure 6a- Public-sector respondents’ choices of which group(s) should cover the costs 
of recycling in 2018 compared to 2017 
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Figure 6b- Public-sector respondents’ choices of which groups should share the costs of 
recycling 

 

 

 

Final Destination of Glass 

About half of public-sector 
respondents indicated that 
the final destination of their 
community’s glass is “very 
important” or “somewhat 
important” to them, (Figure 
87), down from 75 percent 
last year. 

 

Sixty percent of public- 
sector respondents know 
the final destination of the 
glass recovered in their 
community. One reason for 
this low number is the turn- 
key aspect of many recycling 
programs where the service   

Public Sector 2018 
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provider ‘owns’ the recycling material after it is collected. 
 
Another 12 percent of respondents do not accept glass in their recycling programs, and 
the remainder do not know the destination of their collected glass for recycling. 
 
Public-sector respondents held very similar preferences for glass recycling end uses in 
2018 and 2017. Respondents rated different glass end uses on a scale of one to five 
(one being the best end use and five being the worst end use). Figure 88 plots the 
weighted average score for each end use from most to least favorable; the lower the 
weighted average, the more preferable the end use. Public-sector respondents ranked 
bottle-to-bottle recycling most favorably and sending glass to the landfill with garbage 
least favorably. 
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Figure 8- Weighted averages of public-sector respondents’ preferred glass end uses, in 
order from most to least preferable 
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Glass Recycling Concerns & Opportunities 

Fifty-four percent of public-sector respondents indicated that they have some concerns 
with glass recycling, down from 63 percent of public-sector respondents in 2017. This 
answer surprised researchers. Table 2 details the challenges that these communities 
face. Not surprisingly, the most prevalent challenge among these respondents is 
contamination, with 34 percent of this group indicating they have a concern relating to 
contamination. Other main concerns pertain to end markets (for instance, they have no 
or few end markets nearby, or their nearby end markets will not consistently accept their 
community’s glass) and the cost-effectiveness of glass recycling. 

 

Table 2- Percent of public-sector respondents facing specific glass recycling challenges 
in their community 

 

 
 

Glass Recycling Challenges 

% Public-sector 
Respondents Facing 

Challenge in Their 
Community, 2018 

% Public-sector 
Respondents Facing 

Challenge in Their 
Community, 2017 

Contamination issues 34% 60% 

End markets (e.g. 
few/unreliable options) 

22% 82% 

Cost-effectiveness 22% 45% 

Hauler/MRF stopped accepting 
glass 

14% 16% 

Processing capability 12% 22% 

Hauler raised price to keep 
glass in the program 

12% 16% 
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Respondents who expressed concerns with glass recycling were asked about their 
interest in financial resources. Over 60 percent of this group expressed interest in grants 
and public-private partnerships, down from over 70 percent of public-sector respondents 
in 2017 (Figure 9). 

 

 

 

Figure 9- Interest in certain financial resources from public-sector respondents facing 
glass recycling challenges 

 

Respondents facing glass recycling challenges were also asked to select tools or 
information that would be useful to increase quality glass recycling in their community. 
The top three tools, each of which were selected by approximately 45 percent of those 
who are facing glass recycling challenges, were types of glass end markets, case 
studies of local governments making glass recycling work, and information on grant 
funding for glass recycling (Table 3). Interest in information about glass recycling for 
legislators and decision makers increased from 29 percent of respondents to 44 percent 
of respondents, while interest in options for preserving glass in recycling collection 
decreased from 40 percent of respondents to 24 percent of respondents. Almost 75 
percent of these respondents indicated that webinars and presentations are the best 
way to share these tools and information; the response was similar in 2017 (Table 4). 
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Public-private partnerships 74% 
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Table 3- Percent of public-sector respondents experiencing challenges with glass 
recycling that would find the following tools to be useful 

 

Tool/Information Percent, 
2018 

Percent, 
2017 

Types of end markets that are available for glass 45% 54% 

Case studies of local governments making glass 
recycling work 

45% 40% 

Information on grant funding for glass recycling 44% 45% 

Information about glass recycling for 
legislators/decision makers 

44% 29% 

Best practices in glass recycling collection or 
processing 

43% 50% 

Options for preserving glass in recycling 
collection 

24% 40% 

A list of top considerations when making 
recycling program changes 

19% 16% 

Process of how glass is recycled into new 
containers 

14% 20% 

Other 12% 12% 
 

Table 4- Preferred platforms for sharing tools and information among public-sector 
respondents experiencing challenges with glass recycling 

 

Platform Percent, 2018 Percent, 2017 

Webinars/presentations 72% 77% 

Email alerts 68% 58% 

Newsletters 45% 45% 

Social media 22% 13% 
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Glass Industry Responses 
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GLASS INDUSTRY 

Representatives from the glass industry answered many of the same questions as the 
public-sector. The glass industry respondents provided similar feedback on the state of 
glass recycling to that from public-sector respondents. Glass industry responses 
consisted of 12 glass industry representatives and 38 “other” respondents in 2017, 
compared to 19 glass industry representatives (no “other” respondents) in 2018. 

 

Who should pay for recycling? 

Figure 10a illustrates which member(s) of the recycling value chain glass industry 
respondents suggested should cover the cost of collecting and processing recyclables. 
Similar to the public-sector, 84 percent of glass industry respondents believe that two or 
more entities should share these costs. Of those that indicated that the cost should be 
shared, 87 percent selected cities/counties as one of the groups that should share in the 
costs of recycling, up from 28 percent in 2017 (Figure 10b). 

 

 

 

Figure 10a- Glass industry respondents’ choices of which group(s) should cover the 
costs of recycling 
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Figure 10b- Glass industry respondents’ choices of which groups should share the costs 
of recycling 
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Why should glass be recycled? 

Like the public-sector, glass industry representatives revealed a push from the public to 
recycle glass. Ninety percent of their customers expect to recycle glass. Furthermore, 
when glass industry respondents were asked to select their top three reasons that glass 
should be kept in recycling programs, they, like the public-sector, most commonly 
selected “people want to recycle glass” though by ten fewer percentage points than in 
2017 (tied with “glass is a core recyclable”, which was selected by 63 percent of glass 
industry respondents up from 52 percent in 2017) (Figure 11). 

 

 

 

Figure 11- Glass industry respondents’ top reasons glass should be kept in recycling 
programs 

 

 

Final Destination of Glass 

Glass industry respondents also revealed that they are concerned with the final 
destination of recovered glass; 74 percent of glass industry respondents rated the final 
destination of recovered glass as “very important” or “somewhat important” (Figure 12), 
though 85 percent of glass industry respondents selected these options last year. The 
glass industry further revealed their concern about the final destination of their glass by 
rating different glass end uses on a scale of one to five (one being the best end use and 
five being the worst end use). 
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Figure 12- Importance of the final destination of glass recovered by community recycling 
programs to glass industry respondents 

 

 

Figure 13 plots the weighted average score for each end use from most to least 
favorable; the lower the weighted average, the more preferable the end use. Glass 
industry respondents ranked glass end uses in nearly the same order of preference as 
the public-sector respondents. Not surprisingly, respondents ranked bottle-to-bottle 
recycling most favorably and sending glass to the landfill with garbage least favorably. 
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Figure 13- Weighted averages of glass industry respondents’ preferred glass end uses, 
in order from most to least preferable 
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Glass Recycling Concerns & Opportunities 

Seventy-nine percent of glass industry respondents indicated that they have concerns 
with glass recycling. Glass recycling challenges they identified are listed in Table 5. Like 
the public-sector, the glass industry identified contamination as a top concern, though 
this was tied with a recognition of service providers that stop accepting glass and that 
not enough glass is being recycled. Interestingly, although contamination was selected 
as a top concern, only 26 percent of glass industry respondents identified a lack of 
advanced glass cleaning systems in MRFs as a challenge. End markets, surprisingly, 
has decreased considerably as a concern in the glass industry, similar to the public- 
sector, though this is an often-cited problem in the media. 

 

Table 5- Percent of glass industry respondents who identified specific glass recycling 
challenges 

 

Glass Recycling Challenges Percent of Glass 
Industry 

Respondents, 
2018 

Percent of Glass 
Industry 

Respondents, 2017 

Contamination/quality issues 53% 64% 

Some recycling service providers 
have stopped accepting glass 

53% 55% 

Not enough glass is being recycled 53% 22% 

Cost-effectiveness 47% 56% 

Lack of glass processing options 42% 40% 

End markets 37% 51% 

Lack of advanced glass cleaning 
systems in MRFs 

26% 38% 

Opponents’ efforts to remove glass 26% 16% 

Customer service issues trying to 
move glass 

11% 15% 

 

 

Glass industry respondents were also asked about their interest in financial resources to 
improve glass recycling. The glass industry, like the public-sector, expressed more 
interest in public-private partnerships and grants than in other types of financial 
resources, but less interest than expressed in 2017 (Figure 14). 
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Figure 14- Interest in certain financial resources from glass industry respondents 
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Material Recovery Facility Responses 
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MRFS 

Materials Recovery Facility respondents provided a glimpse into how recycled glass is 
currently processed and where it is sold. MRF responses increased from 31 in 2017 to 
82 this year. 

 

Glass Processing 

MRF respondents were asked which type(s) of processing system they operate for glass 
(Figure 15). The most commonly used processing system by MRF respondents is single 
stream or mixed recyclables; 55 percent of MRF respondents use single stream 
processing for glass (regardless of whether they use additional glass cleaning 
equipment). Although the percentage of public-sector respondents that do not accept 
glass remained consistent from last year, the percentage of MRF respondents that do 
not accept glass increased from four percent in 2017 to 15 percent in 2018. The general 
decline in MRF commodity revenue from market uncertainties over the past year is the 
likely cause of the increase as MRFs sought to shed existing net cost centers, though 
this needs to be tested. 

 

Twenty-seven percent of MRF respondents have additional glass cleaning equipment. 
Figure 16 shows the types of glass cleaning equipment these respondents use; most (64 
percent) use air knives, vacuums or blowers to remove paper and organics. Another 
seven percent of MRF respondents indicated that they do not have additional glass 
cleaning equipment but would consider it, and 10 percent have already considered 
additional equipment but determined it too costly. 

 

 

 

Figure 15- Processing systems used by MRF respondents for glass 
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Figure 16- Additional glass clean up equipment used by MRF respondents 

 

 

When asked about changes made to recycling operations in the face of current market 
conditions (Figure 17), only 15 percent have installed cleaning equipment. Most 
commonly, MRFs have increased recycling education, with 41 percent of MRF 
respondents doing so. Over a quarter of MRF respondents have made no changes in 
response to market conditions. Several respondents who selected “other” have begun 
landfilling recyclables. 
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Figure 17 Changes made to MRF respondents' recycling operations in response to 
current market conditions 

Destination of Collected Glass 

MRF respondents were asked to provide all of the end uses of the glass processed at 
their facility (Table 6). The MRFs’ most utilized end use is bottle-to-bottle recycling. 43 
percent of MRF respondents indicated that at least some of their glass becomes cullet to 
be recycled into glass bottles, and this now represents a minority of responding facilities 
compared to 2017. 

 

Table 6- Final destinations of glass processed by MRF respondents. Most “Other” 
responses named specific companies that may use the glass in multiple ways. 

 

 
Glass End Use 

% MRF 
respondents, 

2018 

% MRF 
respondents, 

2017 

Glass into cullet recycled into glass bottles 43% 58% 

Other 23% 8% 

Used as Alternative Daily Cover (ADC) in a 
landfill 

21% 19% 

Recovered for fiberglass 16% 23% 

Recovered as road base (aggregate) 15% 15% 

Increased education 41% 

Other 28% 

No change to current process 28% 

Changed acceptable recyclables 23% 

Installed cleaning equipment 15% 

Changed processors 1% 
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Any option for recycling glass is acceptable, 
as long as it isn't landfilled with garbage. 

11% 23% 

N/A: We don't accept glass in our recycling 
program 

11% 19% 

Recovered as sandblast medium 11% 12% 

It goes to the landfill as garbage, although 
glass is still accepted in our recycling 
program 

9% Not asked in 
2017 

 

 

MRF respondents provided up to three factors determining where they sell their glass 
(Table 7). Like last year, the top factors selected suggest that respondents prioritize 
cost, although the percentage of MRF respondents that selected factors related to cost 
decreased 15 percentage points or more from 2017. While public-sector and glass 
industry respondents reported that people’s desire to recycle glass is a primary reason 
that glass should be recycled, MRF respondents did not reveal a similar pressure in 
decision-making to act on customer’s desires. In fact, only 5 percent of MRF 
respondents indicated that customer expectations for recycled glass to be used in glass 
manufacturing is a top consideration in determining where they sell their glass – despite 
90 percent of MRF respondents reporting that their customers expect to recycle glass. 
Several of the MRF representatives who responded with “other” specified that they only 
have one outlet for their glass. 
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Table 7- Determining factors of where MRFs sell their glass 

 

 
Determining Factor of Where Glass is Sold 

% MRF 
Respondents, 

2018 

% MRF 
Respondents, 

2017 

Transportation cost 39% 54% 

Highest price paid per ton/lowest cost per 
ton 

28% 46% 

Highest and best end use 27% 27% 

Processor will take all glass I bring 16% 42% 

Other 16% 15% 

Any option for recycling glass is acceptable, 
as long as it isn't landfilled with garbage 

15% 23% 

Contractual obligations 15% 4% 

Landfilling is most convenient or cheapest 
option 

10% 8% 

N/A: We don't accept glass in our recycling 
program 

9% 4% 

Landfill construction material substitution 
(ADC, road base, French drains) fulfills 
recycling obligation 

7% 8% 

Most glass yielded (recovered) 5% 8% 

Customer expectations for recycled glass to 
be used in glass manufacturing 

5% 8% 
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Who should cover costs? 

Figure 18a illustrates which member(s) of the recycling value chain MRF respondents 
suggested should cover the cost of collecting and processing recyclables. As with the 
other two groups, about 80 percent of respondents believe that two or more entities 
should share these costs. Of the respondents that selected one entity to cover the costs 
of recycling, most selected packaging manufacturers. Figure 18b shows which groups 
MRFs who believe the costs of recycling should be shared should actually share these 
costs. Eighty-two percent of these MRF respondents indicated that residents should 
share the costs. MRFs were second-least often selected and privately run MRFs would 
expect to be compensated for service costs. 

 

 

 

Figure 18a- Breakdown of MRF respondents’ choices of which group(s) should cover the 
costs of recycling 

100% 

90% 

80% 

70% 

60% 

50% 

40% 

 

81% 

52% 

24% 

0% 0% 4% 2% 
8% 8% 9% 

2% 2% 4% 4% 

2017 2018 



  GMIC - Confidential 

34  
 

100% 

 
82% 

80% 

 

70% 

 

60% 

 

50% 

 

40% 

 Residents Cities/counties Packaging End markets 

f t  

MRFs Haulers 

 

 

 

 

 

    
68% 67% 

      59% 

      

    41% 

       

     24% 

   
       

       

 

 

 
Figure 18b- Breakdown of MRF respondents’ choices of which groups should share the 
costs of recycling 

 

Conclusion 
Values and vision about glass recycling are shared among the public-sector, MRF operators, 
and glass industry respondents who participated in this survey. All three groups face high 
expectations from their customers to recycle glass. Public-sector and glass industry 
respondents agree that the end use of recovered glass is important, but more than half of 
these respondents expressed concerns with glass recycling. Generally, both groups face 
glass recycling challenges pertaining to end markets, contamination and cost-effectiveness, 
and indicated that financial resources such as public-private partnerships and grants could 
be beneficial in addressing these concerns. Lastly, a large share of all three groups believe 
that costs associated with recycling should be shared among the members of the glass 
recycling value chain. These overall attitudes are similar to responses in the 2017 survey. 
GRC will continue to observe changes in perceptions on end markets, MRFs not taking glass 
(which should be monitored), and more transparency about who should pay for glass 
recycling services to see where trends may be developing. 
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Appendix C – EPA Report on Recycling Rates 
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Appendix D – ISRI MRF Glass Specification 
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Appendix E – References for Optical and Hyperspectral Imaging 
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