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1. Introduction and Background 

Medrecycler-RI Inc. plans to construct a new medical waste (MW) processing facility and 
generate electricity from synthesis gas (syngas) production.  The facility will be located at 1600 
Division Street in West Warwick, Rhode Island, 02893. 

The plant will house a pyrolysis system supplied by Technotherm, Inc.  Pyrolysis of waste 
material is a relatively new and innovative concept.  Operation experience with pyrolysis has 
been limited in the US.  However, a significant body of research has been conducted 
internationally and published.  Medical waste production has likely increased significantly 
because of the COVID-19 pandemic, and there is a national need to have better solutions for 
managing the large volume of waste generated.  The pyrolysis plant proposed by Medrecycler-
RI is a superior solution (compared with landfill disposal or incineration) for the medical waste 
challenge. 

The pyrolysis process transforms the packaged medical waste into products mostly consumed 
inside the plant to run the process, such as syngas, oil, and tar.  The pyrolysis component of the 
plant is oxygen-free heat destruction of the medical waste materials.  The medical waste is 
transported to the plant in medical waste containers inside a large bin by truck.  The bin 
content is emptied at the plant into a receiving unit that feeds into a shredder system.  The 
shredder (called a macerator) cuts the containers and the waste inside into smaller pieces.  The 
smaller pieces are transferred into a dryer to dry with hot gases (from the engine).  Water 
vapor, gases, dust, and any small particulates are processed through cyclone separators into a 
thermal oxidizer which neutralizes any pathogens or materials into gas form.  The gasses from 
the thermal oxidizer are sent to an emission control system and then to a gas stack and 
released.  The thermal oxidizer is similar to a furnace. It uses air for combustion and heat 
treatment of the gases (and any particulates) passing through it.  The oils and tars from the 
pyrolysis step are used for heating the pyrolysis chamber and the vitrifier. 

The disintegrated dried solid parts of the waste are fed into a pyrolysis chamber in the absence 
of oxygen at a temperature range of 800-900°C (1472-1652°F).  Significant amounts of carbon 
monoxide (CO) and hydrogen (H2), and lesser amounts of methane (CH4), and water vapor 
(H2O) is gasified out of the solids and liquids in the medical waste.  The mixture of gases is 
called syngas and is combustible as a source of heat energy.  Some of the syngases are 
combusted to provide heat to parts of the plant.  The remainder is sent to engines that are 
connected to generators for the production of electricity.  Natural gas (CH4) from the pipeline 
may supplement the fuel needed for the engine's smooth operation and fuel needs for the 
thermal oxidizer, the vitrifier, and other plant needs such as emergency power.  Natural gas 
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from the pipeline is used for plant startup in all furnaces and the engine to bring the plant to 
temperature when a regular operation starts from cold conditions. 

The pyrolysis step also produces liquids (oil and tar) that are combusted to generate heat for 
the pyrolysis chamber and the vitrifier.  The drying process uses the hot exhaust gasses from 
the engine.  The remainder of the pyrolysis process material is solids and a small quantity of 
ashes that did not disintegrate in the pyrolysis chamber (for example, metals).  They are 
transferred from the bottom of the pyrolysis chamber into a vitrifier for further heat processing 
at a temperature range of 500-1000°F.  The ash and the solids solidify, further forming glass-
type material and other solids that can be disposed of in a landfill or possibly used in concrete 
or asphalt mixes.  

In this document, certain aspects of the proposed pyrolysis system are analyzed to define the 
process further and identify those features that may raise safety or environmental concerns or 
require further research and analysis. 

1.1 Medical Waste 

It is critical to understand the medical waste's content and composition that will be processed 
at the proposed facility.  Such an analysis can be performed at the generation site or at the 
transfer facility where the medical waste is currently collected and packaged for disposal. Only 
one such transfer facility is licensed to operate in Rhode Island, Stericycle Inc., located in 
Woonsocket, Rhode Island.  Stericycle will be one source of medical waste shipments to the 
proposed Medrecycler facility.   

According to the Medrecycler application, the type of medical waste that will be accepted at 
the proposed facility (consistent with RICR-140-10-1) include: 

• Cultures and stocks 
• Pathological/Anatomical waste 
• Human waste, blood, and blood products, body fluids 
• Animal waste 
• Chemical Waste 
• Incinerate Only Wastes 
• Unused sharps 
• Spill/cleanup material Mixtures 
• Legend drug waste/Non-RCRA pharmaceutical waste 
• Sharps and reusable sharps 
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Non-hazardous solid waste mixed with regulated medical waste is considered regulated 
medical waste, as stated in section 2.03 of RIDEM medical waste regulations.  

Medical waste is characterized in various studies to contain paper, plastic, cotton, metal, glass, 
and other miscellaneous items. Plastics include gloves, containers, tubes, bowls, bags, etc. with 
a chemical composition that ranges the entire spectrum of plastics, including polyethylene 
terephthalate (PETE), high-density polyethylene (HDPE), polyvinyl chloride (PVC), low-density 
polyethylene (LDPE), polypropylene (PP), polystyrene (PS), polycarbonate, polylactic acid, and 
others.  Paper in medical waste includes paper towels, newspapers, office paper, etc.  Metals 
include aluminum cans, metal cans, needles, instruments, clips, etc.   

In a study performed by Hong et al. (2018), the composition of medical waste was analyzed as 
indicated in Table 1. 

Table 1. Typical Characteristics of Medical Waste (source: Hong, et al. (2019)) 

Composition Percent by Weight 
Plastics 45% 
Wastepaper and cotton 13% 
Glass 10% 
Water 20% 
Metals 5% 
Other 7% 

 

Another study by Wong, et. Al (1994) sampled medical waste from two large hospitals in Florida 
and summarized their findings shown in Table 2 below. 

Table 2. The average content of red-bag waste (source: Wong, et al. (1994)) 

Composition Percent by Weight 
Plastics 32.64% 
Cotton 34.38% 
Paper 24.39% 
Glass 2.72% 
Metals 2.23% 
Other 3.64% 

 

The application references a paper by Dor & Bartocci (2020) where the medical waste's 
elemental composition was presented as the "Bayer Waste Range." Still, a reference for the 
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"Bayer" data was not provided in the Dor & Bartocci article, nor could it be found through 
literature search. 

Technotherm has performed a characterization experiment with Veterinary waste (similar to 
medical waste in composition).  They observed a reasonably consistent and well-mixed stream.  
Results from that experiment are shown in Table 1.  Figure 1 shows the waste form after 
maceration. Figure 2 shows the material forms before and after the oxidizer. 

Table 3. Technotherm sample processing of veterinary waste similar to medical waste. 

Pyrolysis Output Form Percent of Total 
Condensable 28.75% 
Residue 36.25% 
Gas 33.69% 
Moisture 0.00% 
Solids 0.00% 
Residue after oxidation 5.50% 
Residue as a percentage of initial material 5.50% 

 

 

 

Figure 1. Output of the macerator. 
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Figure 2. Residues before and after vitrifier. 

There is no universal agreement on the inventory of materials that make up medical waste.  
The only way to properly characterize the contents of medical waste proposed to be processed 
by Medrecycler is by performing a set of tests, as suggested later in this report.  An assessment 
of the medical waste will be helpful to fine-tune the pyrolysis facility because the system's feed 
rates and process controls will depend on the composition and physical form.  The makeup of 
the gaseous, liquid, slag, ash, metals, and solids will also be directly dependent on the 
composition of medical waste fed into the process.  Consequently, it will be helpful to perform 
some of the characterization tests at regular intervals. 

It should be noted that Technotherm has many years of operational experience with their 
Pyrolysis system for processing waste streams that included similar contents that are found in 
medical wastes such as plastics, paper, cotton, etc.  Therefore, the proposed pyrolysis system is 
capable of processing the proposed quantities of medical waste. 

1.2 Medical Waste Rules and Regulation 

Rhode Island Department of Environmental Management (RIDEM) regulates medical waste.  
United States Environmental Protection Agency (USEPA) has not had authority for regulating 
medical waste since the Medical Waste Tracking Act (MWTA) of 1988 expired in 1991. In 1991 
EPA concluded that the disease-causing potential of medical waste is greatest at the point of 
generation. The risk tapers off with time and transport away from the point of generation. 
Thus, the hazard to the general public of disease caused by exposure to medical waste is likely 
to be much lower than healthcare workers' risk. 
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Other federal agencies have regulations regarding medical waste. These agencies include the 
Centers for Disease Control (CDC), Occupational Safety and Health Administration (OSHA), US 
Food and Drug Administration (FDA), and potentially others. 

In Rhode Island, medical waste management is regulated through rules and regulations 
provided under 250-RICR-140-10-1. 

2 Objectives 

The objectives of this analysis are as follows: 

• Provide a scientific explanation of the differences between pyrolysis and 
incineration. 

• An analysis of the safety of using pyrolysis to treat medical waste as proposed in 
Medrecycler-RI's application; and 

• Provide an analysis of the environmental effects of using pyrolysis to treat medical 
waste as proposed, considering the system's ability to minimize air pollution, etc. 

3 Comparison of Pyrolysis versus Incineration of Medical Wastes 

Incineration and pyrolysis processes are complex scientific and engineering topics. There have 
been significant amounts of research performed by many investigators and literature available 
for in-depth understanding.  A listing of the relevant literature is provided in the bibliography 
section of this report.   Here, simple explanations are offered of each to provide context for 
comparison. 

3.1 Combustion 

Combustion is the rapid release of heat by chemical reactions. The reactants are fuel and an 
oxidant, which converts the fuel's chemical potential energy to thermal energy. The most 
common oxidant in combustion is air which contains the necessary oxygen for combustion.  
Combustion takes place according to stoichiometric principles.  Stoichiometric air (ideal air) is 
the exact quantity of air needed to provide oxygen for the fuel's complete combustion.  
Stoichiometric oxygen can be determined from a balanced chemical reaction equation.  Some 
common stoichiometric combustion reactions that will be present in the processing of waste 
materials include: 

 2 C + 0.5 (O2 + 3.76 N2)  → 2 CO + 1.88 N2  (1) 
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 C + (O2 + 3.76 N2)  → CO2 +  3.76 N2  (2) 

 

 2 CO + (O2 + 3.76 N2)  → 2 CO2  +  3.76 N2 (3) 

 

 CH4+2 (O2 + 3.76 N2)  → CO2 + 2 H2O + 7.52 N2 (4) 

 

 2 CnH2n+3n (O2 + 3.76 N2)  → 2n CO2 + 2n H2O + 11.28n N2 (5) 

 

Stoichiometric air quantity is expressed in units of mass (kg or lb) of air for solid or liquid fuels.  

The ratio of the air to fuel masses is known as the air-fuel ratio �𝐴𝐴
𝐹𝐹
� and expressed as: 

 

 
𝐴𝐴
𝐹𝐹

=  
mair

mfuel
 , (6) 

 

Where, m is the mass, and the subscript indicates air or fuel. 

Complete combustion occurs when all of the fuel is burned.  If there is insufficient oxygen, it 
will result in incomplete combustion, and some carbon monoxide will appear in the combustion 
products. 

Combustion is enabled by the feedback of some of its output (e.g., heat, material, fluid 
dynamics, or various combinations). This feedback creates and maintains an environment for 
fuel and air to continuously mix for temperatures and times needed to sustain the desired 
exothermic chemical reactions. The energy feedback can occur by thermal radiation from the 
flame to the combustible air-fuel mixture or by convective flow of hot turbulent combustion 
gases entrained into the fuel-air mix. 

A basic comprehension of combustion is essential to understand the challenges and 
opportunities of sustainable energy: 

• Combustion is the dominant means of transforming fuels (including biomass and 
waste/refuse) to other useful energy forms. 
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• Combustion is the primary source of anthropogenic emissions of carbon dioxide into 
the atmosphere. 

• Current scientific and engineering understanding of combustion is sufficient to allow 
the design and operation of efficient, low-environmental-impact combustors. 

• Combustion technology will continue to improve at an evolutionary rate to keep 
pace with increasingly better environmental performance demands. 

Usually, 10-50% excess air is needed for the complete combustion of conventional fuels.  The 
amount of excess air required is affected by the combustion system's design and fuel form.  For 
waste fuel, the excess air required can be in the range of 50-150%.  The larger quantity of 
excess air necessary, the more blower power will be needed to supply air to the combustion 
furnace, leading to inefficiencies and increased costs. 

Air also contains nitrogen, and nitrogen and oxygen react at high combustion temperatures, 
resulting in nitrous oxide production illustrated by the Zeldovich reaction equations (7 and 8) 
below. 

 

 N2 + O   → NO + N (7) 

 

 N + O2  → NO + O (8) 

 

Nitrous oxide (NO) is an undesirable EPA-regulated gas that must be scrubbed from the exhaust 
stream.  Combustion always creates some undesired products caused by pollutants in the fuel 
and also because it is an imperfect process. The amounts of unwanted byproducts and their 
impact on the environment will depend on the fuel composition, the input ratio of the air-fuel 
mix, and the specific combustion process.  The combustion products are in the form of gases, 
liquids, slag, ash, and solids.  Each product form presents environmental challenges in 
management and disposal.   

Combustion gas emissions will be subject to state and federal regulations concerning the 
composition and content.   

3.1.1 Combustion of Municipal Waste (Refuse) 

Waste-to-Energy (combustion of municipal waste) is used in New England, including six sites in 
Massachusetts and six sites in Connecticut, to reduce the waste volume and produce a 
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significant amount of renewable energy.  Rhode Island only uses landfills as a method of 
disposal of municipal waste, including medical wastes. 

Figure 3 shows the distribution of energy sources in New England (snapshot was taken on 
4/25/2021).  Waste-to-Energy (combustion of refuse) accounts for 34% of renewable energy 
production in New England.  On average, refuse combustion is comparable with wind, solar, 
and wood combustion for the renewable energy group. 

 

Figure 3. iso-ne.com website shows the instantaneous electricity fuel mixes for New England 
states (accessed 4/25/2021). 

 

Figure 4 shows the National Grid-RI Energy Disclosure as of April 2021. According to this 
disclosure, 3% of the electricity consumed in Rhode Island is produced from trash and refuse 
combustion (trash-to-energy and landfill gas).  It is expected that the Medrecycler-RI facility will 
have similar (or lower) emissions as compared with the current levels reported by National 
Grid. 
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Figure 4. Rhode Island National Grid Energy Disclosure (April 2021). 

3.1.2 Combustion of Medical Waste 

If medical waste (MW) was incinerated, a maximum amount of recoverable energy could result.  
However, cost-benefit analysis and current rules and regulations in Rhode Island prohibit the 
consideration for combustion as an option.  Regardless, an energy production reference point 
can be estimated from a simple exothermic chemical reaction analysis. 
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Based on simple chemical analysis, the average composition of combustible materials in 
medical waste (i.e., not including water, metals, or glass) can be approximated by the chemical 
formula C6H10O4. If this hypothetical compound is combusted with air in a combustion 
chamber, the ensuing reaction is: 

 C6H10O4+6.5 (O2 + 3.76 N2)  → 6 CO2 + 5 H2O + 24.44 N2 + 23.5 MJ/kg (9) 

 

However, MW does not consist entirely of combustible materials. On average, it could contain 
up to 25% moisture and 5% metals. Therefore, the chemical heat contained in MW is estimated 
at half of the heat given by the above chemical equation, that is, about 11.75 MJ/kg. A more 
conservative estimate is likely in the range of 7-10 MJ/kg, equivalent to about 1960-2800 kWh 
per tonne. 

3.2 Pyrolysis 

Pyrolysis is a chemical reaction that involves the molecular breakdown of larger molecules into 
smaller molecules by heating in the absence of oxygen (i.e., air). Pyrolysis is also known as 
thermal cracking, cracking, thermolysis, depolymerization, etc.  Pyrolysis differs from 
combustion because the heating of the waste is performed without air (i.e., oxygen). 

Pyrolysis of medical waste consists of heating it with an external heating source, e.g., electrical 
heaters, infra-red energy, or thermal plasmas. Because of the cost of electricity, pyrolysis can 
be economical only with high calorific value wastes, e.g., plastics and textiles. Pyrolysis also 
results in gasification. The combustible gases generated in the gasification process primarily 
consist of hydrogen and carbon monoxide ('syngas'). This synthetic gas can then be combusted 
in a separate vessel to produce steam and then electricity, or used as fuel in a gas engine, or 
converted into fuel oil.  

Medical waste must be processed through a macerator (shredder) that reduces the solids into 
small pieces that the mechanical systems can handle.  The waste contains a significant amount 
of water, and it must be dried before the heating process of pyrolysis.  The drying process 
requires heat, so exhaust gases from the system's syngas combustion are used to heat and 
evaporate the water from the macerated stream.  A centrifugal system called a cyclone 
separates solids that may contain some liquids (oils). It feeds that material through a "feed silo" 
to the pyrolysis chamber, where the material can be heated to a temperature of 800-900 °C.  
Any vapors or possibly small particulates are delivered to a furnace called a "regenerative 
thermal oxidizer." The oxidizer furnace operates at a temperature of 850 °C.  Any particulates 
and gases will be subject to the oxidizer temperature.  Any combustibles will burn at those 
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temperatures.  The resulting gases are sent to an emission control system for cleaning and then 
to the gas stack. 

The solids fed to the pyrolysis chamber will heat up and produce a significant amount of CO and 
H2 gas and several other gases.  The application provides table 3 for what they expect will be 
produced (shown in Figure 5). 

The proposed pyrolysis outputs will probably vary from this table (Figure 1) because the 
medical waste characterization is only an estimate at this time.   

The gases produced from the actual pyrolysis step (CO, H2, O2, and CH4) constitute 
approximately 44% of the products by weight and are combustible.   The liquids (oil and tar) are 
also combustible and can be reused in the process.  The gases are usually fed into an engine 
generator or gas turbine generator to produce some electricity.  The hot engine exhaust gases 
are used for the drying step.  The oils and tars are used to heat the pyrolysis chamber.   

The pyrolyzer's generated solids are fed into a vitrifier (refractory lined furnace), which further 
transforms the solids into a glass form and burns residual tar.  The resulting solid waste could 
then be used in asphalt, concrete, or sent for disposal.   

The pyrolysis process contains and internally reuses many of the solids, liquids, and gases, 
reducing the net volume of wastes produced.  As such, pyrolysis is a much cleaner and 
environmentally responsible method for the disposal of medical wastes. 

3.3 Differences between Pyrolysis and Combustion 

Incineration of medical waste is practiced worldwide because heat is an excellent method for 
destroying harmful pathogens.  Many large hospitals have incinerators to dispose of the more 
dangerous medical wastes that contain infectious pathogens, particularly at high 
concentrations.  However, the majority of medical waste is produced in other health care 
settings. Since the COVID-19 pandemic, the amount of medical waste has likely increased.  

Incineration is not a practical or a favorable option for the large quantity of medical waste 
generated every year. Incineration is a burning process using fuel such as natural gas and air to 
produce the high temperatures needed to dry and combust the medical wastes.  The process 
would be similar to the waste-to-energy refuse burning plants currently operating in 
Massachusetts and Connecticut.  Incineration produces a significant amount of ash.  Air 
pollutants that result from combustion must be captured or scrubbed for the gas stream that 
reaches the plant's gas stack to meet EPA emissions regulations. 
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Figure 5. Chart showing pyrolysis output (source: Application Document submitted to RIDEM by 
Medrecycler) 

Pyrolysis is a relatively new process, particularly concerning the processing of medical wastes.  
There is only one medical waste pyrolysis plant currently operating in the US.  Pyrolysis differs 
from incineration because the waste is thermally decomposed without oxygen (i.e., air) into 
much smaller molecular forms of carbon monoxide (CO), hydrogen (H2), oxygen (O2), methane 
(CH4), oils (C14H30), and tar (C20H42).  The long molecule polymers are thermally disintegrated 
into these lighter hydrocarbons, which can then be used as fuel to run the pyrolysis plant and 
produce renewable electricity.  Gas emissions from pyrolysis are recycled through the plant and 
cleaned through an emission control system before release.  Gas emissions to be released from 
the gas stack must meet the EPA and the RIDEM specifications. 

4 Safety Analysis of Medrecycler Proposed System 

In the following subsections, some potential safety issues are considered. 

4.1 Assessment of Pyrolysis Solid Products 

The more exotic the fuel or waste, the more likely it is that tests will be run.  If there are 
problematic features (e.g., slag formation), tests will proceed from standard to bench scale to 
pilot scale. A specific example of this is chicken and turkey litter as fuel, which contains 
significant salts that can reduce the temperature at which slag forms. The primary tests are for 
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heating value and moisture content. Secondary tests are for ash content, elements in the ash, 
ash slagging temperature, and acid-forming elements, such as sulfur and chlorine. 

Preparation for tests always starts with the search for the elusive 'representative sample.' 
Various approaches are used, such as grinding up a considerable amount of waste and using 
statistical sampling techniques, then splitting and resplitting it before testing, or taking a grab 
sample each hour off a belt and compositing it. However, it is suggested that all tests are 
conducted in triplicate to assure the results have some repeatability. 

The standard tests described below are relatively inexpensive to conduct and yield reliable 
results. These tests can be used quantitatively. For example, the heating value can be used to 
judge the waste's feed rate and the amount of auxiliary fuel needed to produce the required 
steam. The results of these tests can also be used to help an engineer make qualitative 
judgments, such as those related to selecting the appropriate material handling, furnaces, and 
air pollution-control equipment. 

Table 4. Recommended ASTM combustion and thermal property tests 
(source: T. F. McGowan (2013)) 

Test Description Technotherm Comments 

ASTM D5142 -- Proximate, 
for mc, VM, FC, ash, at 
950°C 

Ash content and VM can be used 
to infer the upper limit of organic 
content. Ash content is used for 
ash handling. 

Tests conducted realized 
an ash content of 5.5% 
upon exit from vitrification 

ASTM D3176 -- Ultimate 
analysis, modified for C, H, 
N, Cl, S, O (by difference), 
ash, mc 

Carbon and hydrogen can infer 
organic content in the absence of 
carbonates; S and Cl, if organic, 
will impact scrubbing costs. 

Scrubber equipment has 
been approached based on 
existing successful MSW 
processing 

ASTM D1989 -- Higher 
heating value via 
automatic calorimeter 

It is required for combustion 
calculations, sizing the amount of 
combustion air, furnace, air 
pollution control system, and fuel 
feed rate. 

Not required due to actual 
gas analysis from 
processing 

ASTM D1857 -- Ash fusion 
temperature (oxidizing 
and reducing) 

It is crucial for the choice of 
combustor type (e.g., grates vs. 

No slagging from 
processing at Technotherm 
facility 
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fluid bed) and potential for slag 
generation. 

Moisture content, 
gravimetric at 105 °C (not 
required if D5142 is done) 

It may be needed for payment 
and contractual issues. 

Pyrolysis undertaken at 
10% at the pyro, dryer is 
designed to accommodate 
up to 35%, Specification 
from client 30% 

ASTM D2795 -- Elemental 
analysis*: C, N, S, Cl  

Adds to information from 
ultimate analysis. 

Actual results obtained 
from sample waste as 
detailed in 1.1 above 

D3862 -- Major and minor 
elements in ash*: Cl, P, 
Na, Mg, Al, Si, P, S, K, Ca, 
Ti, Mn, Fe 

It is required if slagging is a 
concern. 

No slagging in runs by 
Technotherm 

ASTM D3863 -- Trace 
metals analysis 

It may be required if metal 
emissions are a concern. 

 

ASTM D410 -- Screen 
fractionation (particle 
size) 

It may be required for the feed 
and metering system. 

Metered at the pyrolysis 
unit after maceration 

ASTM D292 -- Bulk density It is required for storage and 
handling design. 

 

ASTM D5142 -- Ash 
content (or as part of 
proximate) 

For ash handling; it also sets the 
upper limit of organic content. 

5.5% after oxidation 

TGA/DSC -- Thermo-
gravimetric analysis, 
differential scanning 
calorimetry* 

Provides feedback on 
temperatures required to drive 
off volatiles. 

 

ASTM D3174 -- Standard 
test method for ash in the 
analysis of coal and coke 

If it correlates well with organic 
content, it can be used as a cheap 
and fast method to estimate 
organic content or fuel value in 
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from coal, run at 550°C 
rather than 750°C 

the field based on TVS/LOI test at 
550°C. 

 

 

4.2 Loss of Electrical Power 

Power outages in Rhode Island and at the plant's proposed location are frequent and happen 
several times a year.  The duration of the outage will depend on the severity of the incident 
causing the electrical outage.  The US Department of Energy produced an energy sector risk 
profile.  The following figures were sourced from that report (see bibliography). 

 

Figure 6. Natural Hazards in Rhode Island (1996-2014) 

 

The loss of electricity at the plant could result in an immediate and abrupt shutdown of all 
systems including, fans, conveyors, cyclones, furnaces, power-operated valves, lights, and 
control systems.  According to Medrecycler-RI, an emergency natural gas generator is included 
to provide lighting and electricity for safe shutdown of the plant systems in case of an offsite 
electrical power outage.  Additionally, an uninterruptable power supply (UPS) provides power 
to a fan that directs the gas flow into the thermal oxidizer.   
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Complete loss of electricity could pose multiple threats to the system.  The shredder, transport 
systems, pyrolyzer, vitrifier, furnaces, and the engine could stop because of the loss of power.  
Waste materials could be present in the shredder, dryer, cyclones, transfer systems, and 
pyrolyzer.  If the outage lasts multiple days, the plant needs emergency power to safely shut 
down the material processing.   Syngas production would continue for minutes after loss of 
power, and some of the syngas, particularly hydrogen, could leak into the building and create a 
potential explosive hazard.  An engineering estimate of the total amount of hydrogen that may 
be present after a loss of electricity is needed and should be part of the operating procedures.  
Hydrogen is a very light gas and can readily escape through seals and accumulate at high points 
inside the building.  Hydrogen accumulation in some quantities may create an explosive hazard 
even during the regular operation of the plant.  This danger could be mitigated by carefully 
planned operating procedures and safety systems such as hardened vents. 

 

 

Figure 7. Electricity outages in Rhode Island (2008-2013) 

 

During a loss of power event, the material is pathogen-free at the exit of the pyrolizer. In the 
event of a power outage, at the suction point of the macerator, transport system to the dryer 
and the dryer itself, Technotherm has incorporated a standby fan that continuously purges to 
the thermal oxidizer. The stack has a continuously burning pilot that is not affected by a power 
outage. The inherent thermal capacity of the oxidizer will raise the temperature of the exhaust 
and destroy all pathogens. Should there be an extended shutdown, the continuous stack pilot 
system will be sufficient to handle the low flow. 
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4.3 Cleaning and Maintenance 

The proposed plant will need maintenance and cleaning at some regular intervals.  The plant 
shutdown process will need to be carefully developed and reviewed to assure worker safety 
from any health hazards associated with the medical waste stream.  Also, handling and disposal 
methods for ashes, solids, liquids, and gases will need to be developed and carefully reviewed 
to assure the safety of workers, the public, and the environment. 

Cleaning chemicals and water may be used during the cleaning and maintenance procedures.  
Any wastewater, chemicals, or oils should be captured and properly disposed of or processed 
following RIDEM and EPA rules and regulations. 

5 Environmental Considerations 

During typical operation, the output of the proposed plant to the environment is gases that are 
exhausted from the engine, thermal oxidizer, and vitrifier to the stack.  The gases will need to 
be conditioned for release to the atmosphere and sampled to assure compliance with RIDEM 
and EPA regulations. All gasses are routed to the regenerative thermal oxidizer. 

The solids that are produced from the vitrifier may include glass form, metals, and ash.  These 
will need to be handled appropriately for reuse (such as asphalt or concrete) or disposal. 

Filtration systems at the plant will need regular maintenance and replacement to assure 
compliance with emissions rules and regulations. 

5.1 Ash 

When considering pyrolysis as a tool for processing medical waste, communities must evaluate 
the benefits and challenges of medical waste-to-energy and compare them to available 
alternatives.  

The proposed medical waste to energy facility uses pyrolysis and vitrification to convert the 
medical waste from its container form to syngas, oil, tar, ash, and solids.  The liquids are burned 
to provide process heat.  The gases are fuel to a gas engine (supplemented by natural gas from 
a pipeline) and produce mechanical work and process heat.  The mechanical energy produced 
from the engine spins an electric generator and produces electricity.  The electricity can be sold 
to the grid to offset the cost of running the facility. 

After pyrolysis and vitrification, residues (solids and minimal if any ashes) remain.  The residues 
are estimated at approximately 10% of the original volume and 25% of the original weight. The 
residues would typically be disposed of in landfills. Disposal is not the only option. A significant 
amount of residues are reused as landfill roadbed material, daily and final landfill cover, road 
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aggregate, asphalt-mixture, and even in the construction of cement blocks (Roethel and Breslin, 
1995). In the United States, following federal laws, waste-to-energy ash is tested to ensure it is 
non-hazardous. The US EPA has developed a test called the toxicity characteristic leaching 
procedure (TCLP), which subjects ash to an acidic liquid, causing metals to leach from the 
material. If metals leach in amounts greater than a fraction of a percent, the ash is considered 
hazardous. Years of TCLP testing ash from waste to energy facilities have proven that ash is safe 
for disposal and reuse.  

The pyrolysis process of medical waste should produce a small amount of residues and possibly 
no ash because of medical waste composition. 

5.2 Particulate Matter (PM) 

Particulate matter is emitted as a result of incomplete combustion and by the entrainment of 
non-combustibles in the flue gas stream.  In the proposed plant design, particulates may be 
present at the exhaust of the thermal oxidizer.  Particulates may exist as a solid or an aerosol 
and in addition to residues. They may contain metals, acids, and trace organics. 

Inorganic matter is not destroyed in the thermal oxidizer; most of this material leaves the 
furnace as bottom residues and solids.  However, some do become entrained in the stack gas as 
PM. 

With good combustion conditions, which depend on residence time, temperature, and 
turbulence (air-fuel mixing), particulate emissions can be minimized.   Particulate entrainment 
into the furnace exhaust is often a reflection of the gas velocity within the thermal oxidizer. 
Controlling the airflow can reduce turbulence and, consequently, lower particulates emissions. 
The particle size range is expected to be in the inhalable range (<10 μm). It is expected that 80 
percent of the total particulates are fine particles (<2 μm). 

5.3 Metals 

The type and amount of trace metals in the flue gases are directly related to the trace metals in 
the syngas, tar, oil, and dryer exhaust. Some trace metal sources in the waste include surgical 
blades, batteries, measuring devices, foil wrappers, and plastics. Plastic objects made of PVC 
may contain cadmium (Cd) heat-stabilizing compounds; additionally, Cd may be found in paints 
and dyes. 

The volatilized organo-metallic compounds condense uniformly on all available particulate 
surface areas. Control of metal emissions to the atmosphere involves minimizing metals' 
vaporization in the waste feed and maximizing small particle collection in the air pollution 
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control devices.  Generally, the air pollution control system also controls particulate metal 
emissions. 

5.4 Nitrogen oxides 

Nitrogen oxides (NOx) represent a mixture mainly of nitric oxide (NO) and nitrogen dioxide 
(NO2). Nitrogen oxides are formed by one of two general mechanisms. Molecular nitrogen and 
oxygen present in the air supplied to the high-temperature combustion zone can react to 
produce thermal NOx.  Thermal NOx formation is susceptible to temperature.  NOx production 
in the proposed pyrolysis plant is not expected because the process temperature is not high 
enough. 

5.5 Carbon Monoxide 

Carbon monoxide (CO) is a significant and direct product of pyrolysis, but it can also be 
produced in the thermal oxidizer, the vitrifier, and the engine.  Any carbon monoxide emissions 
is related to possible leaks and shorter residence times, lower temperatures, and more 
inadequate air-fuel mixing conditions. When combustion has less than a required amount of air, 
CO is formed instead of carbon dioxide (CO2).  CO emissions are constrained by the emission 
control system and are continuously monitored to keep the counts below the regulatory RIDEM 
and EPA requirements. 

5.6 Organics 

Failure to maintain complete combustion can result in emissions of unreacted or partially 
reacted combustion products. Incomplete combustion may produce compounds ranging from 
low molecular weight hydrocarbons to high molecular weight chlorinated compounds such as 
dibenzo-p-dioxins and dibenzofurans (CDD/CDF). 

Many factors are believed to be involved in the formation of CDD and CDF compounds.  Several 
possible mechanisms are theorized to form CDD/CDF in furnaces.  They can be produced by 
pyrolysis of chlorinated plastics in the waste in an oxygen-starved environment. 

Another theory is that CDD/CDF can be synthesized from various organics and a chlorine donor.  
A third possible mechanism involves catalytic reactions on small particulates at temperatures in 
the range of 230-345°C (450-650°F). 

CDD/CDF control aims to minimize their formation using good combustion practices in the 
furnaces. The elements of good combustion include: 

• Uniform fuel feed 
• Adequate supply and mixing of air in the thermal oxidizer and the vitrifier 
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• Sufficiently high furnace gas temperatures [>985°C (1800°F)]; 
• Good mixing of combustion gas and air in all combustion zones; 
• Minimization of PM entrainment into flue gas leaving the furnaces; and 
• Control of the gas temperature entering the air pollution control device to 230°C 

(450°F) or less. 

Low molecular weight organic compounds (LMWC) may be volatiles evolved from the waste 
during drying.  Such volatiles can follow the dryer's flow stream through the cyclone separators 
and into the thermal oxidizer.  Similar control mechanisms discussed above for CDDs and CDFs 
are also applicable to LMWC. When residence time, temperature, and turbulence in the 
combustion zone in the thermal oxidizer are high, LMWC emissions are low.  Residence time at 
temperature is precisely controlled to ensure low emission. 

5.7 Other Pollutants Specific to Medical Waste 

Cytotoxic chemicals used in chemotherapy are toxic to cell growth and can impair, injure, or kill 
cells. Process temperatures greater than 1095°C (2000°F) are thought to be necessary for >99% 
destruction of cytotoxic chemicals. Examples of cytotoxins are nitrosourea, cyclophosphamide, 
and anthracycline antibiotics. 

Radioactive species used in vitro diagnostic studies may also be present in medical wastes. The 
radioactivity levels are thought to be low (<100 µCi/g).  Radiation measurement techniques can 
be used to survey the medical wastes before processing with high precision. 

Medical waste may contain infectious materials from animal and human blood, other body 
fluids and parts, and instruments or bedding material that have come into contact with 
infectious materials.  Pathogens are generally thermally sensitive and easy to destroy when 
exposed to typical gas temperatures in the process for residence times of one to two seconds. 

In general, conditions that maximize the destruction of organics (i.e., time, temperature, and 
turbulence) will promote the proper destruction of pathogens and bacteria.  

The proposed Medrecycler-RI pyrolysis facility will not accept wastes contaminated with 
cytotoxins. 

6 Conclusions and Opinion 

Medical waste production is a continuing issue of concern globally and particularly for Rhode 
Island.  The COVID-19 pandemic has likely resulted in a significant increase in the volume of 
medical wastes that have been produced since March of 2020.  Options for the management of 
medical wastes in Rhode Island are currently limited to landfill disposal.  Landfill disposal 
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presents many hazards and safety concerns, including possible spread and dispersion of 
pathogens, toxic chemicals, and infectious materials by wind, runoff water, and groundwater.  
The harmful effects of landfill disposal of medical wastes have not been studied in detail and 
were not the focus of this analysis.  RIDEM used to license incineration of some medical wastes 
at the Rhode Island Hospital (ended in the 1990s).  Incineration was also not the focus of this 
analysis.  

The pyrolysis facility proposed by Medrecycler-RI presents a new and innovative thermal 
decomposition proposal for a permanent and safe method of managing medical wastes.  
Pyrolysis is superior to incineration because it is a cleaner process environmentally and fewer 
emissions to the environment in the form of greenhouse gases, harmful particulates, and ashes.  
Pyrolysis decreases the total volume of medical wastes. It produces a smaller volume of benign 
solids and ashes that can be disposed of safely at a landfill added to cover material.  Liquids and 
tars produced from the process are used internally for heating processes.  Gases (syngas) 
produced from the process are either processed and released or used in engines to run 
electrical generators and produce renewable electricity sold to the electric grid. Engine off-gas 
goes through the dryer, thermal oxidizer, emission control systems, and then to the gas stack.  
The proposed process is deemed to be much safer for the public and the environment when 
compared with the current practice of landfill disposal of medical wastes. 

The pyrolysis system proposed by Medrecycler-RI is of sound scientific principles and 
engineering design and can safely process the quantities of medical waste proposed.  The 
process is deemed safe for the environment and the public.  This analysis identified specific 
process and operational considerations that were communicated with Technotherm and 
Medrecycler-RI with the following clarifications and statements: 

1. Composition of medical wastes (at the Medrecycler-RI facility) to be processed 
using suggested tests in section 4.1 to fine-tune process parameters and system 
performance.  Technotherm has performed tests with Veterinary waste as a 
representative sample (section 1.1). 

2. The process temperatures proposed may not be high enough to decompose 
cytotoxins (see section 5.7). Medrecycler-RI has stated that they will not be 
accepting medical wastes that may contain cytotoxic chemicals. 

3. Medrecycler-RI has stated that sensor alarms for detecting CO and H2 
concentrations will be installed inside the building.   

4. Technotherm uses a syngas bladder to isolate H2 and CO gases.  There is also a 
sprinkler system planned for the building.  Potential hydrogen accumulation 
because of possible leaks is handled by operation and safety procedures. 
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5. Technotherm has developed operational and maintenance procedures to handle 
mechanical clogging of the medical waste receiving, shredding, and mechanical 
transport to the pyrolysis chamber.  Also, they have developed operational 
procedures in case of unanticipated interruptions. 

6. Medrecycler-RI is finalizing operational and maintenance procedures for clearing 
the system in case of a loss of offsite electrical power during the pre-
commissioning period. 
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