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The World of Waste-to-Energy: 

A focus on various technologies 

We hear a lot of talk from our elected officials related to 

energy, and the need to find more methods, and 

especially eco-friendly and sustainable.  It gets 

frustrating because there are so many preconceived 

ideas of what constitutes renewable energy, or green 

energy.   

Although it’s a complicated mess, it’s also pretty basic.  

Ok, I need to explain that.  There are the typical clean 

energy production methods, like nuclear, wind, solar, 

geothermal, and tide energy.  Well, there’s an even better solution, which is called waste-to-energy (WtE), 

because the process does more than produce energy… it also eliminates various types of waste materials. 

For our purposes, we will look at three technologies: 1) Thermal Vortex Technology (TVT), 2) Mass-burn grate,     

3) Gasification.  The following chart will show side by side comparisons on various topics.  To give a simple 

overview, thermal vortex technology (our ThermoMAX™ Series) uses a patented design to burn the waste 

materials at temperatures ranging from 1,800°F to 2,200°F (typical ~2,000°F), while fully suspended in a 90mph 

vortex (horizontal tornado).  Mass-burn grate is only similar to the TVT in that it doesn’t require a complex pre-

sorting process.  Since it uses a grate (hence the name), the waste material is allowed to sit and rest on the 

grate, where it smolders, an indication that complete combustion is not taking place.  Gasification is a process 

that occurs in a partial absence of oxygen, primarily producing a synthesis gas, more commonly known as 

syngas. Hydrogen, carbon monoxide, and methane, through heating in a controlled environment with limited 

oxygen or other gasifying agents are byproducts.  

Of the three technologies, only TVT can offer lower upfront costs, lower operating costs, and virtually no 

maintenance required.  Other important differences are that only TVT can handle a wider range of waste 

materials, while generating no harmful emissions, tolerates high moisture content, allows for complete 

combustion, not oxidation, does not produce any fly ash or slag, and a higher net electric efficiency. 

The following pages will outline these three WtE technologies, with a head-to-head comparison, and a more 

complete examination of these processes.    

Thank you for taking the time to see why we believe that the smart choice is TVT.  When you do a full 

comparison, it will become obvious why we are so confident that you will not find a better choice! 

 

The Team at Vortex Energy Group LLC and VanNatta Worldwide Ltd. 



WtE Technology Comparison 

Technology 

family 

TRL 

(1–9) 
Feedstock breadth 

Moisture 

tolerance 

Preprocessing 

need 

Destruction 

mode / temp 

Residues & 

fate 

Net electric 

efficiency 

Total energy 

eff. w/ CHP 

Thermal Vortex 

WtE 

(ThermoMAX3™ 

System) 

7.5 

Very high (MSW, 

sargassum, plastics, 

biomass, tires, C&D, 

medical, industrial, 

disaster debris) 

High (optimized 

air ratio and 

turbulence 

enable up to 

49% moisture 

tolerance) 

Low–Mod (basic 

shredding & 

sorting 

Complete 

combustion via 

vortex swirl 

1,800–2,200°F, 

1,093–1,204°C 

Super-heated 

exhaust + 

clean flue gas; 

negligible ash 

carryover 

30–35% 

(target with 

HRSG + 

steam 

turbine) 

Up to >90% 

with 

combined 

heat recovery 

Advanced mass-

burn grate WtE 

(BACT + CHP) 

9.0 

High (raw MSW, 

plastics, wood, some 

sludge blends) 

Moderate (pre-

dry/dewater 

wet slurries) 

Low (basic front-

end sorting; 

metals recovery) 

Flame 

oxidation 

~850–1100 °C; 

long residence 

30–35% 

bottom ash + 

fly ash; 

metals 

recovered; 

ash can be 

treated for 

aggregate 

≈20–28% 

(higher with 

advanced 

steam cycle) 

≈60–90% 

(steam/heat/ 

chilled water) 

Gasification–

melting / 

plasma-assisted 

gasification 

7.0 

High 

(MSW/tires/plastics; 

inerts tolerated) 

Low–Mod 

(prefers drier 

feed) 

Mod (size 

reduction/drying; 

syngas cleanup) 

Sub-/partial 

oxidation; 

>1,200–1,600 

°C for slagging 

Vitrified slag 

(low 

leachability) + 

metals 

≈18–25% 

(power 

route); 

parasitics 

higher 

≈55–75% (site 

dependent); 

fuels route 

35–55% to 

liquids 

 

Technology 

family 
Product options Typical scale CAPEX band OPEX notes 

Emissions control 

complexity 

Bankability / 

references 
Notes 

Thermal Vortex 

WtE 

(ThermoMAX3™ 

System) 

Electricity, 

process heat, hot 

water/steam 

3–10 MW 

modular units 

(containerized) 

Mod (modular; 

rapid 

deployment) 

Low (fast 

startup, low 

maintenance, 

automated 

control) 

Mod (vortex 

burnout 

minimizes 

pollutants; 

optional 

polishers) 

Pre-

commercial 

(TRL 7–8 

pilots) 

Complete combustion + 

90 mph swirl + modular 

containerized design + 

rapid startup + low 

emissions 

Advanced mass-

burn grate WtE 

(BACT + CHP) 

Power, 

steam/heat, 

absorption 

cooling 

15–80 MW 

(100–1,000 

kt/yr) 

Med–High 

(bankable; 

many 

references) 

Moderate; 

robust uptime; 

mature supply 

chain 

High (SCR, 

lime/Na, 

activated carbon, 

FF/ESP) 

Very high 

(global fleet) 

Best for heterogenous 

solids; strong CHP; ash 

not vitrified 

Gasification–

melting / 

plasma-assisted 

(plasma arc) 

gasification 

Power 

(engines/turbines

), H₂/CO syngas 

→ methanol/SAF 

5–60 MW (50–

500 kt/yr) 

High (complex 

gas 

cleanup/oxyge

n/plasma) 

High; skilled 

O&M; 

economics 

improve with 

high tipping + 

fuels 

High (tar/acid 

gas/PM removal + 

post-combustor) 

Mod (Japan/ 

selected refs; 

project-

specific) 

Closest analogue to 

vortex for vitrification + 

fuels flexibility 

 

Glossary: 

TRL – Technology Readiness Level 

BACT – Best Available Control Technology 

CHP – Combined Heat & Power, also known as cogeneration 

CAPEX – Capital Expenditure; long-term investments in tangible assets, also called Capital Expense (CapEx) 

OPEX – Operational Expenditure; ongoing expenses (OpEx) 

SCR – Selective Catalytic Reduction; reduces emissions of nitrogen oxides (NOx) 

O&M -  Operations & Maintenance; functions, duties and labor associated with daily operations 

Vitrification - a thermal treatment process that involves melting contaminated soil at high temperatures (1600–2000 °C) and then cooling it 

to form a stable, chemically inert glassy matrix that encapsulates contaminants and prevents their leaching into the environment 



Examination of Potential Rival WtE Technologies 

This document represents a straight global scan: there are only a few families of tech that even claim 

the “anything-in → clean energy out” promise. None is a perfect 1-box match to our 2,000 °F vortex + 

broad-feedstock + high-quality energy brief. 

The short list (what can rival or complement a vortex WtE) 

1) Advanced mass-burn grate WtE (with high-spec flue-gas cleanup, CHP/trigeneration) — TRL 9, 

bankable, very broad feedstock window 

• What it does well: proven at city scale; takes raw MSW/RDF with high heterogeneity; robust 

burnout/energy recovery via steam turbines; can add district heat, process steam, or absorption 

chilling for >80–90% total energy use. hz-inova.com 

• Limits: wet slurries/seaweed slop still need dewatering; metals/minerals become bottom ash 

(recoverable but not vitrified). 

• Reference suppliers/projects: Hitachi Zosen Inova (global portfolio, modern NOx/acid-gas/dioxin 

controls). hz-inova.com 

2) Gasification–melting / plasma-assisted gasification to syngas (power or fuels) — TRL 7–9 depending 

on variant 

• What it does well: handles mixed MSW (including inerts), reaches slagging temps that vitrify ash; 

syngas → power (engines/turbines) or fuels/chemicals (methanol, SAF). Commercial references 

exist, especially in Japan; Westinghouse/Hitachi built an MSW plasma gasifier at Yoshii; Nippon 

Steel/JFE/Kobelco supplied dozens of gasification-melting lines. netl.doe.gov 

• Modern chemicals route: Enerkem’s waste-to-methanol (gasification + catalytic synthesis); now 

being licensed for a 400 kt/yr MSW-to-240 kt/yr methanol project in Tarragona with Repsol (Feb 

7 2025). Chemical & Engineering News 

• Limits: CAPEX and parasitic load higher than grate; syngas clean-up is non-trivial; several early 

plasma WtE ventures struggled with economics, though niche/hazardous waste applications 

persist. Alliance for Innovation 

3) Supercritical Water Oxidation (SCWO) — TRL 6–8 for municipal/industrial sludges & PFAS 

• What it does well: near-complete (~99.99%) destruction of wet organic wastes (sewage sludge, 

manures, refinery/chemical wastes, AFFF/landfill leachate PFAS) with benign mineralized 

effluent; can recover sensible heat. NASA and multiple vendors (e.g., 374Water “AirSCWO”, 

Aquarden “SuperOx”) highlight the destruction efficiency and closed-loop water recovery 

potential. NASA Technical Reports Server 

• Limits: not for dry/mineral wastes; usually a net thermal consumer unless well-integrated with 

external heat/steam; materials corrosion/salt management are design-critical. Recent R&D and 

deployments are improving energetics. NASA Technical Reports Server 

https://www.hz-inova.com/wp-content/uploads/2024/04/Company-Brochure_EN.pdf?utm_source=chatgpt.com
https://www.hz-inova.com/wp-content/uploads/2024/04/Company-Brochure_EN.pdf?utm_source=chatgpt.com
https://www.netl.doe.gov/research/Coal/energy-systems/gasification/gasifipedia/westinghouse?utm_source=chatgpt.com
https://cen.acs.org/business/Enerkem-license-trashmethanol-technology-Spain/103/i3?utm_source=chatgpt.com
https://www.aii.org/plasma-gasification-revolutionizing-waste-management/?utm_source=chatgpt.com
https://ntrs.nasa.gov/api/citations/20210022923/downloads/2021%20SCWO%20Report.docx.pdf?utm_source=chatgpt.com
https://ntrs.nasa.gov/api/citations/20210022923/downloads/2021%20SCWO%20Report.docx.pdf?utm_source=chatgpt.com


4) Hydrothermal Liquefaction (HTL) for wet organics (algae/seaweed, sludge, manure) — TRL 5–7 

• What it does well: converts high-moisture biomass directly to biocrude without full drying; 

particularly relevant for sargassum/WWTP sludges if you want a liquid fuel output. pubs.rsc.org 

• Limits: needs mostly organic feed; doesn’t “destroy” inerts/hazardous streams; biocrude 

upgrading + aqueous phase handling are required. 

5) Rotary-kiln & fluidized-bed incineration (hazardous/medical/RDF) — TRL 9 

• What it does well: excellent for specific streams (tires, medical waste, RDF); proven energy 

recovery. 

• Limits: not “everything in one throat”; needs feed prep and moisture control; ash not vitrified. 

6) Co-processing in cement kilns — TRL 9 

• What it does well: very high temps destroy organics; full mineral incorporation into clinker (no 

ash disposal). 

• Limits: energy goes to clinker, not electricity/steam for you; feedstock acceptance ruled by kiln 

chemistry. 

 

Bottom line (how close do these get to our brief?) 

• By “wide variety of wastes” we mean raw MSW + plastics + biomass + tires + industrial residues 

and more, without extensive preprocessing, state-of-the-art mass-burn grate with best-

available flue-gas cleaning is the closest, highest-uptime solution today. It delivers reliable 

power/CHP and tolerates heterogeneity better than most advanced thermochem routes.         

hz-inova.com 

• If we want inert immobilization and syngas/fuels flexibility, the closest analogue to our high-

temperature vortex ethos is gasification-melting / plasma-enhanced gasification paired with 

power or fuels (e.g., methanol). Japan’s fleet and the Yoshii plasma MSW plant show it works; 

economics depend on scale, tipping fees, and off-take value. PNNL 

• For very wet, nasty streams (sargassum slurries, leachate, PFAS-laden liquids), SCWO is the 

standout “destroy-don’t-dilute” option and integrates well as a wet-line next to a high-temp dry-

line (vortex/grate/gasifier). Heat from the dry line can bias SCWO toward thermal neutrality. 

374Water 

• HTL is attractive when the goal is liquid fuels from wet biomass (algae/seaweed/sludge) rather 

than immediate power, but it’s not a universal waste destroyer. pubs.rsc.org 

 

https://pubs.rsc.org/en/content/articlehtml/2024/se/d3se01211e?utm_source=chatgpt.com
https://www.hz-inova.com/wp-content/uploads/2024/04/Company-Brochure_EN.pdf?utm_source=chatgpt.com
https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-25373.pdf?utm_source=chatgpt.com
https://374water.com/?utm_source=chatgpt.com
https://pubs.rsc.org/en/content/articlehtml/2024/se/d3se01211e?utm_source=chatgpt.com


A practical “equal-or-better” integration blueprint to match our scope 

1. Dry, heterogeneous solids (MSW/RDF, plastics, tires, woody/ag residues): 

o Option A (proven): Advanced grate WtE + high-efficiency boiler/steam turbine + full 

flue-gas cleanup; add metal/aggregate recovery from ash. 

o Option B (vitrify/fuels): Gasification-melting (Nippon Steel/JFE lineages) or plasma-

assisted gasification; syngas to turbine/engine or to fuels (Enerkem-style methanol). 

PNNL 

2. Wet/contaminated liquids & slurries (leachate, septage, PFAS, seaweed pressate): 

o SCWO module for destruction/mineralization + heat recovery to your steam cycle; 

return polished water to plant utility or discharge. Aquarden Technologies 

3. Very wet organics (sargassum, sludge) when fuels are desired: 

o HTL side-train to biocrude; co-process biocrude in a refinery or onsite upgrading; use 

off-gases/steam integration for overall energy balance. pubs.rsc.org 

This two-line (dry+wet) architecture is the closest apples-to-apples rival to our “one platform handles 

(nearly) all and recovers energy” value proposition. 

 

Due-diligence filters to separate hype from true peers 

In benchmarking any candidate against our vortex system, consider these line-items: 

• Feedstock window: moisture tolerance (%), ash/inert gas tolerance, acceptable CV range (e.g., 

6–25 MJ/kg), and need for preprocessing (RDF vs raw MSW). 

• Destruction quality: dioxins/PCDD-F control, PFAS fate, metals immobilization (leach tests on 

slag/ash). (Japanese gasification-melting lines report high carbon conversion and low PCDD/DF 

after complete syngas burn.) PubMed 

• Energy performance: net electrical efficiency and total energy-use efficiency with CHP/trigen; 

parasitic load for fans, oxygen, plasma torches, or SCWO pumps/pressurization. (Modern grate + 

CHP routinely cited by OEMs; SCWO energy recovery is design-dependent.) hz-inova.com 

• Residues & by-products: bottom ash vs vitrified slag (leachability, markets), brine/salt handling 

for SCWO, aqueous HTL phase management. PNNL 

• Track record & scale: number of commercial references, uptime, O&M cost, emissions 

guarantees (HCl, HF, SOx, NOx, Hg, dioxins), and any fuel/chemicals offtake (e.g., Enerkem 

methanol). Chemical & Engineering News 

https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-25373.pdf?utm_source=chatgpt.com
https://aquarden.com/applications/pfas-treatment/?utm_source=chatgpt.com
https://pubs.rsc.org/en/content/articlehtml/2024/se/d3se01211e?utm_source=chatgpt.com
https://pubmed.ncbi.nlm.nih.gov/22093706/?utm_source=chatgpt.com
https://www.hz-inova.com/wp-content/uploads/2024/04/Company-Brochure_EN.pdf?utm_source=chatgpt.com
https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-25373.pdf?utm_source=chatgpt.com
https://cen.acs.org/business/Enerkem-license-trashmethanol-technology-Spain/103/i3?utm_source=chatgpt.com


 

What to chase next (targeted peers to engage) 

• Hitachi Zosen Inova (grate/CHP, global references). hz-inova.com 

• Nippon Steel / JFE / Kobelco (gasification-melting heritage, vitrified slag). PNNL 

• Enerkem (MSW-to-methanol; extant plants & new Spain project with Repsol).                

Chemical & Engineering News 

• InEnTec (plasma gasification for mixed waste/chemicals). INENTEC 

• SCWO vendors for wet/PFAS: 374Water, Aquarden. 374Water 

 

Glossary for this portion: 
 

Trigeneration - Trigeneration is the production of three energy vectors simultaneously as output. The 

term is used with CCHP when electricity, heat, and cooling are produced simultaneously.                

Science Direct - Trigeneration 

AFFF/landfill leachate - AFFF Aqueous film-forming foam is a type of foam that fire departments use to 

fight liquid-based fires (those started by oil, gasoline, or other flammable liquids). AFFF is highly 

concerning because it contains PFAS.  Revive Environmental – AFFF Disposal 

PFAS - Per- and polyfluoroalkyl substances (PFAS) are widely used in consumer products: “They are 

critical to life in the 21st century, enabling technologies such as semiconductors, renewable energy, 

conventional and battery powered vehicles, medical devices, and energy exploration and production.” 

PFAS 

Dioxins/PCDD-F - Polychlorinated Dibenzo-p-dioxin/Dibenzofuran – Dioxins and Furans are typically a 

result of certain types of high heat processing, namely incineration.  Our process controls the dioxins 

and furans with an extremely high heat, well above production parameters.  However, some waste 

materials can still produce small amounts of dioxins, but is easily mitigated in our thermal vortex system.   

ACS Publications 

 

 

 

 

https://www.hz-inova.com/wp-content/uploads/2024/04/Company-Brochure_EN.pdf?utm_source=chatgpt.com
https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-25373.pdf?utm_source=chatgpt.com
https://cen.acs.org/business/Enerkem-license-trashmethanol-technology-Spain/103/i3?utm_source=chatgpt.com
https://www.inentec.com/about-inentec?utm_source=chatgpt.com
https://374water.com/?utm_source=chatgpt.com
https://www.sciencedirect.com/topics/engineering/trigeneration#:~:text=Trigeneration%20is%20the%20production%20of,outputs%2C%20as%20described%20in%20Fig.
https://revive-environmental.com/aqueous-film-forming-foam-afff-disposal/
https://fluoropolymerpartnership.com/fluoropolymer-facts/unique-combination/?gad_source=1&gad_campaignid=12737249708&gbraid=0AAAAABq3vfTHjXxjpHPq5yTmgHNXSBmtF&gclid=Cj0KCQjwvJHIBhCgARIsAEQnWlAxNKWUB-AuGfm6Bh-R7rnbv6PB32rbaMEkx_jceukyYP_7VtdDIwsaAqKQEALw_wcB
https://pubs.acs.org/doi/10.1021/es980932r

