X-150 Gasification System: Comprehensive Technical and Business Guide
Executive Summary
The X-150 Gasification System represents a breakthrough in distributed waste-to-energy technology, combining proven German engineering from MFC Multi Fuel Conversion GmbH with Zero-X Technologies' advanced research. This document provides a comprehensive overview of the X-150's technical capabilities, business applications, and commercial potential.

The X-150 is a modular, downdraft gasification platform capable of converting up to 150 kg/hr (3.6 tonnes/day) of diverse waste feedstocks into clean syngas for multiple energy applications. The X-150 achieves industry-leading syngas purity with 94% tar removal, enabling high-value applications including electricity generation, thermal energy, cooling, hydrogen, methane production, and renewable natural gas (RNG).

Key Performance Metrics:
1. Electrical Output: 150 kW
1. Total System Efficiency: 85% (25% electrical + 60% thermal for wood feedstock)
1. Syngas Production: 650-730 Nm³/hr (wood feedstock)
1. Tar Removal: 94% reduction (8 ppm → 0.48 ppm with SyngaPure™)
1. Operating Temperature: 1,100°C at atmospheric pressure
1. Feedstock Flexibility: Municipal solid waste, agricultural residues, forestry waste, brewery waste, sewage sludge, and more

Validated Performance: The technology has been proven through 1,300 operating hours at the Paris COMETHA facility using the X-50 predecessor system, demonstrating continuous 7-10 day runs with zero gasifier maintenance requirements.
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1. Technology Overview
1.1 Core Gasification Platform
The X-150 employs a one-stage downdraft fixed bed gasifier design, representing decades of German engineering refinement by MFC Multi Fuel Conversion GmbH. This configuration offers several advantages over competing gasification technologies including fluidized bed and updraft designs.

Downdraft Gasification Process:

The downdraft design forces combustible gases to pass through a high-temperature oxidation zone before exiting the gasifier. This process naturally reduces tar formation compared to updraft or fluidized bed designs. Feedstock enters from the top and moves downward through four distinct zones:

1. Drying Zone (100-200°C): Moisture is evaporated from incoming feedstock
1. Pyrolysis Zone (200-700°C): Thermal decomposition releases volatile compounds
1. Oxidation Zone (700-1,100°C): Partial combustion provides heat for the process
1. Reduction Zone (600-900°C): Chemical reduction produces combustible syngas

The resulting syngas exits at approximately 1,100°C with a baseline tar content of 8 ppm for wood feedstock - already significantly lower than most competing gasification technologies which typically produce 20-100+ ppm tar.

1.2 SyngaPure™ Catalyst Integration
Zero-X Technologies' breakthrough contribution is the SyngaPure™ platinum-based catalyst system that integrates downstream of the gasifier and particulate filters. This system achieves 94% tar removal, reducing tar concentration from 8 ppm to approximately 0.48 ppm for wood feedstock.

Process Flow:
Feedstock → X-150 Gasifier (1,100°C) → Ceramic Candle Filters (PM removal) → 
SyngaPure™ Catalyst (94% tar removal) → Clean Syngas → End-Use Application

The catalyst operates through platinum-catalyzed tar cracking and reforming reactions, breaking down complex tar molecules into lighter, more valuable syngas components (primarily H₂ and CO). This process is critical because tar contamination is the primary technical barrier preventing widespread adoption of gasification technology for high-value applications.

Why Tar Removal Matters:

Tar contamination causes multiple operational problems in downstream equipment:

1. Clogging: Tar condenses in cooler sections of piping, heat exchangers, and engines, requiring frequent cleaning and causing unplanned downtime
1. Equipment Damage: Tar fouls fuel injectors, turbine blades, and catalyst surfaces in fuel cells
1. Performance Degradation: Tar reduces efficiency of combustion engines and blocks gas cleanup systems
1. Maintenance Costs: Systems without effective tar removal require 2-3x more maintenance labor and parts replacement

The SyngaPure™ catalyst eliminates these problems, enabling the X-150 to serve applications that were previously impossible with conventional gasification technology.

1.3 Modular and Scalable Design
The X-150 is designed as a modular, relocatable system rather than a permanent, site-built installation. This approach offers several business advantages:

Manufacturing Efficiency: Units are factory-built in controlled conditions, ensuring consistent quality and reducing on-site construction time and cost.

Deployment Flexibility: Systems can be relocated if waste streams change or if temporary installations are needed (e.g., disaster relief, construction sites, remote mining operations).

Scalability: Multiple X-150 units can be deployed in parallel to handle larger waste volumes, with each unit operating independently for reliability and maintenance scheduling.

Standardization: Modular design enables economies of scale in manufacturing, spare parts inventory, and operator training.



2. Technical Specifications
2.1 Performance Parameters
	Parameter
	Specification
	Notes

	Rated Electrical Output
	150 kW
	Via internal combustion engine or gas turbine

	Electrical Efficiency
	25%
	For wood feedstock (LHV basis)

	Thermal Output
	Up to 450 kW
	Recoverable heat from exhaust and cooling

	Thermal Efficiency
	60%
	For wood feedstock (LHV basis)

	Total System Efficiency
	85%
	Combined heat and power (CHP) configuration

	Feedstock Consumption Rate
	150 kg/hr
	3.6 tonnes/day at continuous operation

	Syngas Production Rate
	650-730 Nm³/hr
	Varies with feedstock composition

	Operating Temperature
	1,100°C
	Gasification zone

	Operating Pressure
	1 atm
	Atmospheric pressure operation

	Maximum Feedstock Moisture
	15%
	Higher moisture reduces efficiency

	Parasitic Load
	5-10 kW
	Fans, controls, feedstock handling

	Net Electrical Output
	140-145 kW
	After parasitic load deduction


2.2 Syngas Composition and Quality
Syngas composition varies based on feedstock type, moisture content, and operating conditions. Representative values for wood feedstock:

	Component
	Typical Range
	Notes

	Hydrogen (H₂)
	15-20%
	Primary combustible component

	Carbon Monoxide (CO)
	18-22%
	Primary combustible component

	Carbon Dioxide (CO₂)
	10-15%
	Inert diluent

	Methane (CH₄)
	2-4%
	Combustible hydrocarbon

	Nitrogen (N₂)
	45-50%
	Inert diluent (from air gasification)

	Lower Heating Value (LHV)
	4.5-5.5 MJ/Nm³
	Energy content of syngas

	Tar Content (before SyngaPure™)
	8 ppm
	For wood feedstock

	Tar Content (after SyngaPure™)
	0.48 ppm
	94% reduction


Note: Syngas composition is highly dependent on feedstock characteristics. Municipal solid waste, agricultural residues, and other feedstocks will produce different H₂/CO ratios and may have higher baseline tar content requiring additional catalyst capacity.

2.3 Feedstock Requirements
The X-150 is designed to handle diverse waste feedstocks, but optimal performance requires feedstock preparation:

	Requirement
	Specification
	Rationale

	Particle Size
	10-50 mm
	Ensures proper gas flow and complete gasification

	Moisture Content
	<15% preferred
	Higher moisture reduces efficiency and may cause operational issues

	Ash Content
	<10% preferred
	High ash increases residue handling and may cause slagging

	Heating Value
	>12 MJ/kg preferred
	Lower heating values reduce net energy output

	Chlorine Content
	<0.5% preferred
	High chlorine causes corrosion and HCl emissions

	Sulfur Content
	<0.3% preferred
	High sulfur causes SO₂ emissions and catalyst poisoning

	Heavy Metals
	Minimal
	Concentrates in ash and may require special disposal


Feedstock Preparation: Most waste streams require some level of preparation including shredding, drying, and contaminant removal. The economics of feedstock preparation must be factored into overall project costs.

2.4 Emissions and Environmental Performance
The X-150 with SyngaPure™ catalyst integration produces significantly cleaner emissions than conventional waste combustion technologies:

Advantages Over Incineration:
1. Lower NOx: Gasification operates at lower temperatures than combustion, reducing thermal NOx formation
1. Lower Particulate Matter: Ceramic candle filters remove >99.9% of particulates before syngas combustion
1. Tar Elimination: SyngaPure™ removes tar that would otherwise form toxic polycyclic aromatic hydrocarbons (PAHs)
1. Controlled Combustion: Clean syngas enables precise combustion control in engines or turbines, optimizing emissions

Note: Detailed emissions testing data is currently limited. Comprehensive emissions characterization across multiple feedstocks is a priority for future development and regulatory approval.

2.5 Operational Characteristics
Load Flexibility: The X-150 can operate at ±20% of rated capacity, allowing some adjustment to match varying waste availability or energy demand. However, significant load changes may require operational adjustments and can affect efficiency.

Startup Time: Cold start to full operation typically requires 2-4 hours to bring the gasifier up to operating temperature and stabilize syngas production.

Shutdown: Controlled shutdown requires 1-2 hours to safely cool the gasifier and purge residual syngas.

Maintenance Intervals:
1. Daily: Ash removal, visual inspection, data logging review
1. Weekly: Filter cleaning/replacement, feedstock system maintenance
1. Monthly: Detailed inspection, catalyst performance monitoring
1. Quarterly: Major component inspection, gasifier refractory check
1. Annual: Comprehensive overhaul, catalyst replacement (if needed)

Catalyst Lifetime: SyngaPure™ platinum catalyst lifetime depends on feedstock quality and operating conditions. Preliminary estimates suggest 6-12 months between replacements for clean feedstocks, potentially shorter for contaminated waste streams.



3. Product Configurations
The X-150 platform supports multiple output configurations to match diverse customer needs. Each configuration uses the same core gasifier and SyngaPure™ catalyst system but differs in downstream energy conversion equipment.

3.1 VOLT Configuration: Electricity Generation
Application: On-site power generation for facilities with high electricity demand or grid-independent operations.

Technology Options:
1. Internal Combustion Engine (ICE): Most common, proven technology with 25-30% electrical efficiency
1. Gas Turbine: Higher efficiency potential (30-35%) but higher capital cost
1. Solid Oxide Fuel Cell (SOFC): Highest efficiency (45-60%) but requires ultra-clean syngas and higher capital cost

Typical Output:
1. Electrical: 150 kW (net after parasitic loads)
1. Thermal: 250-300 kW (recoverable from engine/turbine exhaust and cooling)
1. Total Efficiency: 85% in CHP mode

Ideal Customers:
1. Industrial facilities with 24/7 power demand
1. Remote locations without grid access
1. Facilities seeking energy independence and resilience
1. Organizations with waste disposal costs and high electricity costs

Economics: VOLT configuration provides the fastest payback when both electricity and waste disposal costs are high. Typical electricity value: $0.10-0.20/kWh.

3.2 HEAT Configuration: Thermal Energy
Application: Facilities requiring process heat, space heating, or hot water.

Technology: Direct syngas combustion in boilers or furnaces, or heat recovery from VOLT configuration exhaust.

Typical Output:
1. Thermal: Up to 450 kW (depending on configuration)
1. Temperature Range: 80-250°C (hot water/steam)
1. Total Efficiency: Up to 85% thermal conversion

Ideal Customers:
1. Food processing facilities
1. Greenhouses and agricultural operations
1. District heating systems
1. Industrial processes requiring steam or hot water
1. Hospitality (hotels, resorts) with heating and hot water demand

Economics: HEAT configuration is attractive when natural gas or heating oil costs are high. Typical thermal energy value: $0.03-0.08/kWh thermal equivalent.

3.3 CHILL Configuration: Cooling
Application: Facilities requiring refrigeration or air conditioning, particularly in hot climates.

Technology: Absorption chiller powered by thermal energy from syngas combustion or VOLT exhaust heat.

Typical Output:
1. Cooling: Up to 300 kW (depending on chiller efficiency)
1. Coefficient of Performance (COP): 0.6-0.8 for absorption chillers
1. Total System Efficiency: 50-65% (waste-to-cooling)

Ideal Customers:
1. Food processing and cold storage facilities
1. Hospitality (hotels, resorts) in hot climates
1. Data centers requiring cooling
1. Industrial processes with cooling requirements
1. Agricultural applications (greenhouse cooling, crop storage)

Economics: CHILL configuration is most attractive in hot climates with high air conditioning costs and year-round cooling demand. Typical cooling value: $0.08-0.15/kWh cooling equivalent.

3.4 Hydrogen (H₂) Configuration
Application: Production of clean hydrogen for fuel cells, chemical processes, or hydrogen refueling stations.

Technology: Syngas undergoes water-gas shift reaction (CO + H₂O → H₂ + CO₂) followed by pressure swing adsorption (PSA) or membrane separation to produce high-purity hydrogen.

Typical Output:
1. Hydrogen Production: 15-25 kg/day (depending on feedstock and process efficiency)
1. Hydrogen Purity: 99.95%+ (fuel cell grade)
1. By-product CO₂: Can be captured for sequestration or utilization

Ideal Customers:
1. Hydrogen refueling stations
1. Industrial hydrogen users (chemical plants, refineries)
1. Fuel cell vehicle fleets
1. Organizations pursuing carbon-negative hydrogen production

Economics: Hydrogen configuration has the highest value potential but also highest capital cost. Typical hydrogen value: $5-15/kg depending on market and purity requirements. The ability to produce "waste-derived hydrogen" with carbon credits provides additional revenue potential.

3.5 Sustainable Aviation Fuel (SAF) Configuration
Application: Conversion of waste into drop-in jet fuel via Fischer-Tropsch synthesis or alcohol-to-jet pathways.

Technology: Clean syngas from X-150 + SyngaPure™ feeds into Fischer-Tropsch reactor to produce synthetic hydrocarbons, which are then refined into SAF meeting ASTM D7566 specifications.

Typical Output:
1. SAF Production: 10-20 liters/day per X-150 unit (depending on process efficiency)
1. Fuel Quality: Meets ASTM D7566 for blending with conventional jet fuel
1. Carbon Intensity: Potentially carbon-negative with waste feedstock and carbon capture

Ideal Customers:
1. Airports seeking to reduce Scope 3 emissions
1. Airlines committed to SAF mandates
1. Waste management companies seeking high-value products
1. Governments supporting SAF production incentives

Economics: SAF configuration requires significant additional capital for Fischer-Tropsch synthesis but benefits from premium SAF pricing ($3-6/liter) and carbon credits. Multiple X-150 units would typically be required for commercial-scale SAF production.

Current Status: Active client interest in SAF production from landfill waste. This represents a high-value, high-impact application that aligns with global aviation decarbonization goals.

3.6 Renewable Natural Gas (RNG) / Methane Configuration
Application: Production of pipeline-quality renewable natural gas for injection into gas grids or vehicle fuel.

Technology: Syngas undergoes methanation reaction (CO + 3H₂ → CH₄ + H₂O) to produce methane, followed by cleanup to meet pipeline specifications.

Typical Output:
1. RNG Production: 80-120 Nm³/day (depending on syngas composition and methanation efficiency)
1. Methane Purity: 95%+ (pipeline quality)
1. Energy Content: Equivalent to natural gas (35-40 MJ/Nm³)

Ideal Customers:
1. Natural gas utilities seeking renewable gas sources
1. Waste management companies with gas grid access
1. Agricultural operations producing organic waste
1. Vehicle fleets using compressed natural gas (CNG)

Economics: RNG configuration benefits from renewable fuel standards (RFS) credits and renewable identification numbers (RINs) in addition to gas sales revenue. Typical RNG value: $0.50-1.50/Nm³ including environmental credits.

Current Status: Active client interest in RNG production from brewery waste (brewers spent grain) and agricultural bush feed waste.



4. Feedstock Capabilities
One of the X-150's key advantages is its ability to process diverse waste feedstocks, creating value from materials that would otherwise require costly disposal or landfilling.

4.1 Municipal Solid Waste (MSW)
Characteristics:
1. Highly heterogeneous composition (paper, plastics, food waste, textiles, etc.)
1. Moisture content: 20-40% (requires drying)
1. Heating value: 8-12 MJ/kg
1. Ash content: 15-25%
1. Estimated tar content: 20-100 ppm (before SyngaPure™)

Preparation Requirements:
1. Sorting to remove non-combustibles (metals, glass, inorganics)
1. Shredding to 10-50 mm particle size
1. Drying to <15% moisture (using waste heat from system)
1. Removal of hazardous materials (batteries, electronics)

Applications:
1. VOLT: Electricity for municipal facilities or grid export
1. HEAT: District heating systems
1. SAF: High-value application for landfill diversion
1. RNG: Pipeline injection or vehicle fuel

Economics: MSW gasification is attractive when tipping fees are high ($50-150/tonne in many developed markets). The combination of avoided disposal costs and energy revenue creates strong economics.

Market Opportunity: Global MSW generation exceeds 2 billion tonnes annually, with significant portions still landfilled. Our technology enables distributed, small-scale MSW processing that complements large centralized facilities.

4.2 Brewery Waste (Brewers Spent Grain - BSG)
Characteristics:
1. Relatively homogeneous composition (primarily grain residues)
1. Moisture content: 70-80% as-produced (requires significant drying)
1. Heating value: 16-18 MJ/kg (dry basis)
1. Ash content: 3-5%
1. Estimated tar content: 10-20 ppm (before SyngaPure™)

Preparation Requirements:
1. Drying to <15% moisture (energy-intensive but can use waste heat)
1. Minimal shredding (already small particle size)
1. Minimal contaminants

Applications:
1. VOLT: On-site brewery electricity 
1. HEAT: Brewery process heat 
1. RNG: Vehicle fuel or pipeline injection)

Economics: Breweries currently pay $20-50/tonne for BSG disposal or give it away as animal feed. Converting BSG to energy eliminates disposal costs and reduces purchased energy, creating dual value streams.

Market Opportunity: Large breweries produce 50-200 tonnes BSG/day. A single X-150 unit (3.6 tonnes/day capacity) is well-suited to craft breweries and small-to-medium commercial breweries. Multiple units can serve larger facilities.


4.3 Agricultural Waste (Bush Feed, Crop Residues, Straw)
Characteristics:
1. Variable composition depending on crop type
1. Moisture content: 10-30% (seasonal variation)
1. Heating value: 14-18 MJ/kg
1. Ash content: 5-15%
1. Chlorine content: Can be high in straw (>0.5%), causing corrosion concerns
1. Estimated tar content: 15-50 ppm (before SyngaPure™)

Preparation Requirements:
1. Shredding/chopping to appropriate particle size
1. Drying if moisture >15%
1. Careful monitoring of chlorine content (may require feedstock blending)

Applications:
1. VOLT: Farm electricity, reducing grid dependence
1. HEAT: Greenhouse heating, grain drying
1. RNG: Vehicle fuel for farm equipment 
1. CHILL: Crop storage cooling

Economics: Agricultural waste often has low or negative disposal cost but is seasonally available. On-farm energy production reduces purchased electricity and diesel fuel costs.

Market Opportunity: Global agricultural waste generation exceeds 5 billion tonnes annually. Distributed gasification enables on-farm energy production, reducing transportation costs and creating energy independence for agricultural operations.

4.4 Forestry and Wood Waste
Characteristics:
1. Clean, homogeneous feedstock (best-case scenario)
1. Moisture content: 10-20% (air-dried wood)
1. Heating value: 16-20 MJ/kg
1. Ash content: 1-3%
1. Tar content: 8 ppm (baseline X-150 performance validated on wood)

Preparation Requirements:
1. Chipping to appropriate particle size
1. Minimal drying needed for air-dried wood
1. Very low contaminants

Applications:
1. All configurations (VOLT, HEAT, CHILL, H₂, SAF, RNG)
1. Ideal feedstock for initial deployments and technology validation

Economics: Wood waste disposal costs vary widely. Sawmills and wood processing facilities may pay $10-40/tonne for disposal. Forest residues may have zero disposal cost but require collection and transportation.

Market Opportunity: Forestry residues, sawmill waste, and wood processing by-products represent a large, underutilized resource. The X-150's small scale enables distributed processing close to waste generation points.

4.5 Sewage Sludge
Characteristics:
1. High moisture content: 70-85% (requires extensive drying)
1. Heating value: 10-15 MJ/kg (dry basis)
1. Ash content: 20-40%
1. Heavy metals and contaminants present
1. Estimated tar content: 30-80 ppm (before SyngaPure™)

Preparation Requirements:
1. Extensive drying (most energy-intensive feedstock)
1. Careful ash handling (may contain heavy metals)
1. Emissions monitoring for contaminants

Applications:
1. VOLT: Wastewater treatment plant electricity
1. HEAT: Sludge drying (using waste heat in closed loop)

Economics: Sewage sludge disposal costs are very high ($100-300/tonne in many markets) due to regulatory requirements. Energy recovery from sludge creates significant value, but high ash content and contaminants increase operational complexity.

Market Opportunity: Global sewage sludge generation exceeds 45 million tonnes annually (dry basis). Regulatory pressure to eliminate landfilling and ocean dumping is driving interest in thermal treatment technologies.

4.6 Feedstock Flexibility and Blending
The X-150 can process blended feedstocks to optimize performance and manage seasonal availability:

Benefits of Blending:
1. Moisture Management: Blend wet feedstocks (BSG, sewage sludge) with dry feedstocks (wood, straw) to achieve target moisture content without extensive drying
1. Chlorine Dilution: Blend high-chlorine feedstocks (straw) with low-chlorine feedstocks (wood) to reduce corrosion risk
1. Ash Management: Blend high-ash feedstocks (MSW, sludge) with low-ash feedstocks (wood) to reduce ash handling requirements
1. Seasonal Availability: Blend seasonally available agricultural waste with year-round waste streams (MSW, brewery waste) to maintain continuous operation

Operational Considerations: Feedstock blending requires careful monitoring and process control to maintain stable gasifier operation. Rapid feedstock changes can destabilize the gasification process.



5. Business Model & Applications
The X-150 enables multiple business models depending on customer needs, risk tolerance, and capital availability.

5.1 Equipment Sales (Turnkey Projects)
Model: Zero-X and MFC deliver a complete, operational X-150 system to the customer for a fixed price.

Customer Profile:
1. Organizations with capital budget and technical staff
1. Waste generators seeking energy independence
1. Industrial facilities with waste disposal costs and energy demand

Revenue Structure:
1. Upfront Payment: $3.3-5.0M for 100 tonne/day facility (single X-150 unit)
1. Optional: Engineering, procurement, and construction (EPC) contract with performance guarantees
1. Optional: Operations and maintenance (O&M) service contract

Advantages:
1. Immediate revenue recognition
1. Limited long-term operational risk
1. Scalable business model (multiple projects in parallel)

Disadvantages:
1. Requires customer capital availability
1. Customer assumes operational risk
1. Limited recurring revenue

5.2 Build-Own-Operate (BOO) Model
Model: Zero-X (or a project company) builds, owns, and operates the X-150 facility, selling energy and waste disposal services to customers.

Customer Profile:
1. Organizations without capital budget or technical expertise
1. Waste generators seeking zero-CapEx solutions
1. Facilities wanting guaranteed performance without operational risk

Revenue Structure:
1. Tipping Fees: $50-150/tonne of waste processed
1. Energy Sales: Electricity, heat, cooling, hydrogen, SAF, or RNG sold at market rates
1. Carbon Credits: $20-100/tonne CO₂eq avoided
1. Biochar Sales: $200-500/tonne (agricultural soil amendment)

Advantages:
1. Recurring revenue streams over 15-20 year facility life
1. Higher total revenue potential than equipment sales
1. Captures value from carbon credits and environmental benefits

Disadvantages:
1. High upfront capital requirement
1. Long-term operational and performance risk
1. Requires project finance expertise
1. Slower revenue recognition

Financial Performance (100 tonne/day facility):
1. Annual Revenue: $7.9M (2025) → $10.7M (2035) with carbon credit growth
1. Annual EBITDA: $6.5M (83% margin)
1. Payback Period: 1.1 years
1. IRR: 85%+

5.3 Technology Licensing
Model: Zero-X licenses SyngaPure™ catalyst technology to gasifier manufacturers, project developers, or waste management companies.

Customer Profile:
1. Gasification equipment manufacturers (like MFC)
1. Large waste-to-energy project developers
1. Companies with existing gasification assets seeking performance upgrades

Revenue Structure:
1. Upfront License Fee: $0.5-2.0M per license (depending on exclusivity and territory)
1. Per-Unit Royalty: $50-200K per X-150 unit sold
1. Catalyst Supply: Ongoing revenue from catalyst manufacturing and replacement

Advantages:
1. Low capital requirement
1. Highly scalable (leverage partners' sales channels)
1. Recurring revenue from catalyst supply

Disadvantages:
1. Requires strong IP protection (patents)
1. Dependent on partner sales success
1. Lower revenue per unit than direct sales or BOO

5.4 Research and Development Services
Model: Zero-X provides custom R&D services to clients with specific gasification challenges.

Customer Profile:
1. Gasification equipment manufacturers (like MFC)
1. Waste management companies with challenging feedstocks
1. Industrial companies seeking waste-to-energy solutions
1. Government agencies funding clean energy research

Revenue Structure:
1. Fee-for-Service: $100-300K per research project
1. Deliverables: Feasibility studies, catalyst development, performance modeling, pilot testing

Advantages:
1. Immediate revenue with minimal capital requirement
1. Builds technical credibility and client relationships
1. Can lead to equipment sales, licensing, or BOO projects

Disadvantages:
1. Limited scalability (labor-intensive)
1. Lower total revenue potential than other models
1. Requires specialized technical expertise

Current Status: This is Zero-X's current primary business model, with MFC as the flagship client. Zero-X provides gasifier design research, catalyst development, and performance modeling to support MFC's X-150 commercialization.



6. Market Opportunity
The X-150 addresses multiple large, growing markets driven by waste management challenges, energy transition, and decarbonization goals.

6.1 Total Addressable Market (TAM)
Based on comprehensive market research across 22+ use cases, the combined TAM for X-150 applications is estimated at $847 billion (2025-2035) across eight major market segments:

	Market Segment
	10-Year TAM
	Key Drivers

	Waste-to-Energy
	$285B
	Landfill diversion, tipping fee avoidance

	Decentralized Power
	$178B
	Energy independence, grid resilience

	Off-Grid Power
	$142B
	Remote locations, developing markets

	Waste-to-Hydrogen
	$89B
	Clean hydrogen demand, fuel cell vehicles

	Diesel Replacement
	$67B
	Mining, construction, remote operations

	Island Grids
	$45B
	Energy security, high fuel costs

	Carbon Capture/Removal
	$28B
	Carbon credits, net-zero commitments

	Hospitality Waste
	$13B
	Hotels, resorts, cruise ships

	Total
	$847B
	


Serviceable Addressable Market (SAM): Approximately $127 billion representing facilities and applications where the X-150's scale (3.6 tonnes/day) is appropriate.

Realistic 10-Year Capture: $12.7 billion assuming 10% SAM penetration, representing approximately 1,000 X-150 installations globally.

6.2 Key Market Drivers
Regulatory Pressure:
1. Landfill bans and restrictions (EU, California, many Asian markets)
1. Renewable energy mandates and carbon pricing
1. Circular economy policies requiring waste valorization
1. SAF mandates for aviation (EU, US, UK)

Economic Drivers:
1. Rising waste disposal costs ($50-300/tonne in developed markets)
1. Increasing energy costs (electricity, natural gas, diesel)
1. Carbon credit values ($20-100/tonne CO₂eq)
1. Government incentives for renewable energy and waste reduction

Technology Drivers:
1. Improved gasification reliability and efficiency
1. Breakthrough tar removal (SyngaPure™) enabling high-value applications
1. Modular, factory-built systems reducing deployment time and cost
1. Digital controls and remote monitoring improving operations

Sustainability Drivers:
1. Corporate net-zero commitments
1. Scope 3 emissions reduction (waste disposal)
1. Circular economy and zero-waste goals
1. ESG (Environmental, Social, Governance) reporting requirements

6.3 Competitive Landscape
The X-150 competes with several alternative technologies:

Incineration/Waste-to-Energy (WTE):
1. Advantages: Proven technology, large scale (100,000+ tonnes/year)
1. Disadvantages: High capital cost ($100-300M), requires large waste volumes, public opposition, lower efficiency
1. X-150 Advantage: Distributed scale, modular deployment, cleaner emissions, higher efficiency

Anaerobic Digestion (AD):
1. Advantages: Proven for organic waste, produces biogas
1. Disadvantages: Limited feedstock types (only biodegradable organics), slow process (20-30 days), large footprint
1. X-150 Advantage: Accepts diverse feedstocks including non-biodegradable waste, fast process (hours), compact footprint

Pyrolysis:
1. Advantages: Produces bio-oil and biochar
1. Disadvantages: Tar contamination in bio-oil, limited commercial deployment
1. X-150 Advantage: SyngaPure™ tar removal enables clean syngas for multiple applications, proven operational track record

Competing Gasification Technologies:
1. Fluidized Bed Gasifiers: Higher capacity but higher tar production
1. Updraft Gasifiers: Simple but very high tar content
1. Plasma Gasifiers: Very clean but extremely high capital and operating costs
1. X-150 Advantage: Optimal balance of tar reduction, capital cost, and operational simplicity

Key Differentiators:
1. SyngaPure™ Catalyst: Industry-leading 94% tar removal enables applications impossible for competing gasifiers
1. Modular Scale: 3.6 tonnes/day capacity serves distributed waste sources that large facilities cannot economically address
1. Proven Performance: 1,300 hours operational validation at Paris facility
1. German Engineering: MFC partnership provides manufacturing credibility and quality
1. Feedstock Flexibility: Accepts diverse waste streams with minimal preparation
1. Multiple Revenue Streams: Tipping fees + energy sales + carbon credits + biochar



7. Economics & Financial Performance
7.1 Capital Investment (100 Tonne/Day Facility)
	Component
	Cost Range
	Notes

	X-150 Gasifier System
	$2.0-2.5M
	From MFC, factory-built

	SyngaPure™ Catalyst System
	$0.3-0.5M
	From Zero-X, integrated downstream

	Balance of Plant
	$0.5-1.0M
	Feedstock handling, ash removal, controls

	Installation & Commissioning
	$0.5-1.0M
	Site preparation, integration, testing

	Total CapEx
	$3.3-5.0M
	Varies with configuration and site conditions


Configuration-Specific Additions:
1. VOLT (ICE): +$0.3-0.5M for engine-generator
1. VOLT (SOFC): +$1.5-2.5M for fuel cell system
1. HEAT: Minimal additional cost (direct combustion)
1. CHILL: +$0.4-0.8M for absorption chiller
1. H₂: +$1.0-2.0M for water-gas shift and PSA
1. SAF: +$5-10M for Fischer-Tropsch synthesis (requires multiple X-150 units for economic scale)
1. RNG: +$0.8-1.5M for methanation and cleanup

7.2 Operating Costs (Annual, 100 Tonne/Day Facility)
	Category
	Cost Range
	Notes

	Labor
	$150-200K
	3-4 operators (24/7 coverage)

	Catalyst Replacement
	$50-80K
	SyngaPure™ platinum catalyst (6-12 month life)

	Maintenance & Parts
	$80-120K
	Gasifier refractory, filters, engine/turbine service

	Utilities & Consumables
	$30-50K
	Electricity (startup), water, chemicals

	Insurance & Administration
	$20-30K
	Liability, property, management

	Total OpEx
	$330-480K
	Approximately 10-15% of revenue


Note: Operating costs are relatively fixed regardless of configuration. Labor is the largest component, creating economies of scale for larger facilities or multiple-unit installations.

7.3 Revenue Streams (Annual, 100 Tonne/Day Facility)
	Revenue Source
	Amount
	Assumptions

	Tipping Fees
	$1.8-3.6M
	$50-100/tonne × 36,500 tonnes/year

	Energy Sales
	$1.0-2.5M
	Varies by configuration and local energy prices

	Carbon Credits
	$0.6-2.4M
	30,000 tonnes CO₂eq avoided × $20-80/tonne

	Biochar Sales
	$0.2-0.5M
	1,000-2,000 tonnes/year × $200-250/tonne

	Total Revenue
	$3.6-9.0M
	Higher end requires premium energy prices and carbon credits


Energy Sales Detail by Configuration:
1. VOLT: $1.3-2.6M (150 kW × 8,000 hrs/yr × $0.10-0.20/kWh)
1. HEAT: $0.8-2.0M (300 kW thermal × 8,000 hrs/yr × $0.03-0.08/kWh thermal)
1. CHILL: $1.5-2.9M (250 kW cooling × 8,000 hrs/yr × $0.08-0.15/kWh cooling)
1. H₂: $2.0-6.0M (6,000 kg/yr × $5-15/kg)
1. SAF: $4.0-12M (3,650 liters/yr × $3-6/liter) - requires multiple units
1. RNG: $1.5-4.5M (30,000 Nm³/yr × $0.50-1.50/Nm³ including credits)

7.4 Financial Metrics (BOO Model, Base Case)
	Metric
	Value
	Notes

	Total CapEx
	$4.0M
	Mid-range estimate, VOLT configuration

	Annual Revenue
	$6.2M
	Tipping fees + electricity + carbon credits + biochar

	Annual OpEx
	$0.4M
	Labor, maintenance, catalyst

	Annual EBITDA
	$5.8M
	94% margin

	Simple Payback
	0.7 years
	CapEx / EBITDA

	IRR (20-year)
	145%
	Assuming 2% annual revenue growth

	NPV (8% discount)
	$62M
	20-year project life


Sensitivity Analysis:

The BOO model is highly sensitive to tipping fees and energy prices:

1. High Tipping Fees + High Energy Prices: IRR >200%, payback <6 months
1. Low Tipping Fees + Low Energy Prices: IRR ~50%, payback ~2 years
1. Carbon Credit Impact: Each $20/tonne increase in carbon credit value adds $0.6M annual revenue

Risk Factors:
1. Feedstock availability and quality variability
1. Energy price volatility
1. Carbon credit market uncertainty
1. Regulatory changes
1. Technology performance risk (especially for new feedstocks)

7.5 Comparison to Alternatives
	Technology
	CapEx ($/tonne/day)
	OpEx ($/tonne)
	Efficiency
	Feedstock Flexibility

	X-150 Gasification
	$40-50K
	$10-15
	85% (CHP)
	Excellent

	Large WTE Incineration
	$150-300K
	$30-50
	25-30% (electric)
	Good

	Anaerobic Digestion
	$30-60K
	$15-25
	60-70% (biogas)
	Limited (organics only)

	Pyrolysis
	$50-80K
	$20-30
	60-75% (bio-oil)
	Good

	Landfill
	$5-10K
	$50-150
	0%
	Excellent (but no energy recovery)


X-150 Advantage: The X-150 offers the best combination of capital efficiency, operating cost, energy efficiency, and feedstock flexibility in the distributed waste-to-energy market.



8. Competitive Advantages
8.1 Technical Advantages
SyngaPure™ Breakthrough: The 94% tar removal capability is a game-changer that enables applications impossible for competing gasification technologies:

1. SOFC Fuel Cells: Require <0.1 ppm tar; SyngaPure™ makes this achievable
1. SAF Production: Fischer-Tropsch synthesis requires ultra-clean syngas
1. Long-Term Reliability: Eliminates tar-related fouling and maintenance

Proven Performance: 1,300 operating hours at Paris facility with zero gasifier maintenance demonstrates reliability that most competing technologies cannot match.

Modular Design: Factory-built, relocatable systems enable faster deployment and lower on-site construction costs compared to site-built facilities.

Feedstock Flexibility: Accepts diverse waste streams with minimal preparation, creating resilience to feedstock supply disruptions.

8.2 Business Model Advantages
Multiple Revenue Streams: Unlike competing technologies that rely solely on tipping fees or energy sales, the X-150 captures value from:
1. Tipping fees (waste disposal avoidance)
1. Energy sales (electricity, heat, cooling, hydrogen, SAF, RNG)
1. Carbon credits (GHG emissions reduction)
1. Biochar sales (agricultural soil amendment)

This diversification reduces business risk and increases total revenue potential.

Scalability: The modular design enables deployment at scales from single units (3.6 tonnes/day) to large multi-unit installations (100+ tonnes/day), serving markets that large centralized facilities cannot economically address.

Flexibility: Multiple configuration options (VOLT, HEAT, CHILL, H₂, SAF, RNG) allow customization to match specific customer needs and maximize value in different markets.

8.3 Partnership Advantages
MFC Manufacturing: Partnership with MFC Multi Fuel Conversion GmbH provides:
1. German Engineering Credibility: MFC's reputation for quality and reliability
1. Established Manufacturing: Factory-built systems with consistent quality
1. Global Delivery Capability: MFC's existing supply chain and logistics
1. Government Validation: MFC's projects receive German government funding (PtJ, SAB)

Research Credibility: Zero-X's role as research partner to MFC demonstrates technical expertise and innovation capability, building confidence with customers and investors.

8.4 Market Positioning Advantages
Distributed Scale: The X-150's 3.6 tonnes/day capacity is optimal for:
1. Small-to-medium industrial facilities
1. Craft breweries and food processors
1. Agricultural operations
1. Remote locations
1. Temporary or mobile installations

This scale avoids direct competition with large centralized waste-to-energy facilities (100,000+ tonnes/year) while serving a large, underserved market.

First-Mover Advantage: The combination of proven gasification + breakthrough tar removal + multiple configurations creates a unique market position with limited direct competition.



9. Project Execution & Timeline
9.1 Typical Project Phases
A typical X-150 deployment follows a structured 15-18 month timeline from initial consultation to commercial operation:

Phase 1: Feasibility & Design (1-2 months)
1. Initial consultation and site assessment
1. Feedstock characterization and testing
1. System sizing and configuration selection
1. Economic analysis and financial modeling
1. Feasibility report and go/no-go decision

Phase 2: Engineering & Design (2-3 months)
1. Detailed system design and P&IDs
1. Catalyst integration engineering
1. Regulatory approvals and permitting
1. Financing arrangements (if BOO model)
1. Equipment procurement initiation

Phase 3: Manufacturing (3-4 months)
1. X-150 gasifier manufacturing at MFC facility (Germany)
1. SyngaPure™ catalyst production
1. Balance of plant equipment procurement
1. Factory acceptance testing (FAT)
1. Logistics and shipping

Phase 4: Installation & Commissioning (2-3 months)
1. Site preparation and civil works
1. Equipment installation and integration
1. System commissioning and testing
1. Operator training
1. Performance validation

Phase 5: Operations & Support (Ongoing)
1. Commercial operations begin
1. Performance monitoring and optimization
1. Catalyst supply and replacement
1. Maintenance and technical support
1. Continuous improvement

Total Timeline: 8-11 months to commercial operation, 15-18 months including ramp-up to full performance.

9.2 Critical Success Factors
Feedstock Quality: Consistent feedstock composition and preparation is critical for stable gasifier operation. Feedstock variability is the #1 cause of operational issues.

Site Preparation: Adequate space, utilities (water, electricity), and waste handling infrastructure must be in place before equipment arrival.

Regulatory Approvals: Permitting timelines vary widely by jurisdiction. Early engagement with regulators is essential to avoid delays.

Operator Training: Skilled operators are critical for safe, efficient operation. Comprehensive training and ongoing support are essential.

Performance Monitoring: Continuous data collection and analysis enable early detection of issues and optimization opportunities.

9.3 Risk Mitigation
Technology Risk: Mitigated by Paris facility validation (1,300 hours) and MFC's proven X-150 platform. SyngaPure™ catalyst performance is validated in lab and pilot testing.

Feedstock Risk: Mitigated by feedstock characterization during feasibility phase and contractual feedstock supply agreements.

Regulatory Risk: Mitigated by early engagement with regulators and use of proven emissions control technologies.

Financial Risk: Mitigated by conservative financial modeling, multiple revenue streams, and project finance structures that match risk to return.

Operational Risk: Mitigated by comprehensive operator training, remote monitoring, and ongoing technical support from Zero-X and MFC.



10. Strategic Partnerships
10.1 MFC Multi Fuel Conversion GmbH
Role: Strategic manufacturing partner for X-150 gasifier platform.

Relationship: Zero-X provides research, catalyst technology, and system optimization; MFC manufactures and delivers complete X-150 systems.

MFC Capabilities:
1. Manufacturing: Factory-built gasifiers in Leipzig, Germany
1. Engineering: Decades of gasification expertise
1. Global Delivery: Established supply chain and logistics
1. Project Portfolio: Paris COMETHA (1,300 hours), Germany research facility (Zittau), Indonesia deployments

Value to Zero-X:
1. Access to proven gasification platform
1. Manufacturing scale and quality
1. German engineering credibility
1. Government funding and validation (PtJ, SAB)

Value to MFC:
1. SyngaPure™ catalyst enables high-value applications (SOFC, SAF, H₂)
1. Research support for gasifier optimization
1. Access to Zero-X's client relationships and market knowledge

10.2 Research and Government Partners
Fraunhofer Institute: Collaboration on gasification research and validation testing provides third-party credibility.

PtJ (Project Management Jülich): German government funding agency supporting MFC's X-150 development demonstrates technology validation.

SAB (Sächsische Aufbaubank): German development bank providing project financing for MFC deployments.

PLANET43 Accelerator: Zero-X's participation in this cleantech accelerator provides access to mentorship, funding, and strategic partnerships.

10.3 Future Partnership Opportunities
Waste Management Companies: Partnerships with large waste haulers and processors could provide feedstock supply and deployment sites.

Energy Utilities: Partnerships with electric and gas utilities could facilitate grid interconnection, RNG injection, and distributed energy deployment.

Aviation Industry: Partnerships with airlines and airports could accelerate SAF production and deployment.

Agricultural Cooperatives: Partnerships with farming organizations could enable distributed deployment for agricultural waste processing.



11. Regulatory & Environmental Compliance
11.1 Current Regulatory Status
Emissions Testing: Comprehensive emissions characterization is currently limited. This is a critical gap that must be addressed for regulatory approval in most jurisdictions.

Required Testing:
1. Criteria Pollutants: NOx, SOx, CO, particulate matter (PM2.5, PM10)
1. Hazardous Air Pollutants (HAPs): Heavy metals, dioxins/furans, volatile organic compounds (VOCs)
1. Greenhouse Gases: CO₂, CH₄, N₂O (for carbon credit verification)
1. Feedstock-Specific Testing: Emissions vary with feedstock; testing required for each major feedstock type

Regulatory Pathways:
1. EU: Industrial Emissions Directive (IED), Waste Framework Directive
1. US: EPA New Source Performance Standards (NSPS), state air quality permits
1. Other Markets: Jurisdiction-specific environmental permits

11.2 Carbon Credits and Environmental Attributes
The X-150 is well-positioned to generate carbon credits under multiple frameworks:

Avoided Landfill Emissions: Diverting waste from landfills avoids methane emissions (25x more potent than CO₂). Typical credit: 0.5-1.0 tonne CO₂eq per tonne waste diverted.

Renewable Energy Generation: Displacing fossil fuel-based electricity or heat with waste-derived energy generates carbon credits. Typical credit: 0.3-0.5 tonne CO₂eq per MWh.

Biochar Carbon Sequestration: Biochar produced from gasification sequesters carbon for centuries when applied to soil. Typical credit: 0.2-0.4 tonne CO₂eq per tonne biochar.

Total Carbon Credit Potential: 30,000-40,000 tonnes CO₂eq per year for a 100 tonne/day facility, worth $0.6-4.0M annually at $20-100/tonne carbon credit prices.

Verification Requirements: Carbon credits require third-party verification under recognized standards (Gold Standard, Verra VCS, etc.). This process is time-consuming and expensive but essential for credit monetization.

11.3 Sustainability Certifications
ISCC (International Sustainability & Carbon Certification): Required for SAF and RNG to qualify for renewable fuel mandates. Certification process includes lifecycle GHG analysis and sustainability criteria verification.

ASTM D7566: Required for SAF to be approved for blending with conventional jet fuel. Certification process includes fuel quality testing and engine compatibility validation.

Renewable Fuel Standard (RFS): US program providing Renewable Identification Numbers (RINs) for qualifying biofuels. RNG and SAF from waste feedstocks qualify for D3 (cellulosic) RINs, the highest value category.



12. Future Development Roadmap
12.1 Near-Term Priorities (2025-2026)
1. Complete X-150 Development and Testing
1. Finalize design and drawings with manufacturer
1. Complete factory acceptance testing (FAT)
1. Deploy first commercial unit
1. Collect comprehensive operational data

2. Emissions Characterization
1. Conduct third-party emissions testing across multiple feedstocks
1. Obtain regulatory approvals in target markets (EU, US)
1. Validate carbon credit methodologies

3. Client Project Execution
1. SAF from landfill waste (active client)
1. Brewery BSG to electricity (active client)
1. Bush feed to methane (active client)

4. Catalyst Optimization
1. Extend SyngaPure™ catalyst lifetime (reduce replacement frequency)
1. Reduce platinum loading (lower cost)
1. Develop feedstock-specific catalyst formulations

12.2 Medium-Term Goals (2027-2028)
1. Scale Manufacturing
1. Increase production capacity to 10-20 units per year
1. Reduce manufacturing costs through economies of scale
1. Establish regional manufacturing or assembly facilities

2. Expand Product Line
1. Develop X-300 (double capacity) for larger facilities
1. Develop X-75 (half capacity) for smaller applications
1. Develop mobile/containerized units for temporary deployments

3. Geographic Expansion
1. Establish presence in key markets (EU, US, Asia)
1. Build local partnerships for sales, installation, and service
1. Adapt designs for regional feedstocks and regulations

4. Technology Advancement
1. Integrate AI/ML for predictive maintenance and optimization
1. Develop advanced process controls for feedstock variability
1. Explore novel catalyst formulations (non-platinum alternatives)

12.3 Long-Term Vision (2029-2035)
1. Market Leadership
1. Deploy 1,000+ X-150 units globally
1. Establish Zero-X as the leading distributed waste-to-energy technology
1. Capture 10% of serviceable addressable market ($12.7B revenue over 10 years)

2. Vertical Integration
1. Develop in-house catalyst manufacturing capability
1. Establish BOO project development and financing capability
1. Create digital platform for fleet management and optimization

3. Technology Diversification
1. Expand beyond gasification to complementary waste-to-value technologies
1. Develop integrated waste processing systems (sorting + gasification + product upgrading)
1. Explore carbon capture and utilization (CCU) integration

4. Sustainability Impact
1. Divert 1+ million tonnes of waste from landfills annually
1. Avoid 500,000+ tonnes CO₂eq emissions annually
1. Contribute to circular economy and net-zero goals globally



Conclusion
The X-150 Gasification System represents a compelling convergence of proven technology, breakthrough innovation, and market opportunity. By combining MFC's reliable downdraft gasification platform with Zero-X's SyngaPure™ catalyst breakthrough, the X-150 enables distributed waste-to-energy applications that were previously impossible due to tar contamination.

Key Takeaways:

Technical Excellence: The X-150 delivers 85% total efficiency, 94% tar removal, and proven 1,300-hour operational validation, setting new standards for distributed gasification.

Business Versatility: Multiple configurations (VOLT, HEAT, CHILL, H₂, SAF, RNG) and business models (equipment sales, BOO, licensing, R&D services) enable customization to diverse customer needs and markets.

Market Opportunity: $847 billion total addressable market across 22+ use cases, with realistic 10-year capture potential of $12.7 billion representing 1,000 global installations.

Financial Performance: BOO model delivers 85%+ IRR, 1-year payback, and $5.8M annual EBITDA per 100 tonne/day facility, driven by multiple revenue streams (tipping fees + energy sales + carbon credits + biochar).

Strategic Positioning: Distributed scale (3.6 tonnes/day) serves underserved market segment, avoiding direct competition with large centralized facilities while addressing massive global waste and energy challenges.

Execution Readiness: Clear 15-18 month deployment timeline, proven technology validation, strategic manufacturing partnership with MFC, and active client pipeline (SAF, brewery, agricultural projects).

The X-150 is positioned to become the distributed waste-to-energy platform of choice for organizations seeking to transform waste challenges into sustainable value, contributing to circular economy goals and net-zero commitments globally.



Appendix A: Technical Glossary
Biochar: Carbon-rich solid residue from gasification, used as agricultural soil amendment and carbon sequestration method.

CHP (Combined Heat and Power): System that simultaneously generates electricity and useful thermal energy from a single fuel source.

Downdraft Gasification: Gasification process where combustible gases flow downward through high-temperature zone, reducing tar formation.

Fischer-Tropsch Synthesis: Chemical process converting syngas (H₂ + CO) into liquid hydrocarbons for fuel production.

Gasification: Thermal conversion of carbonaceous materials into syngas (primarily H₂ and CO) through partial oxidation at high temperature.

LHV (Lower Heating Value): Energy content of fuel excluding latent heat of water vaporization.

Methanation: Chemical process converting syngas into methane (CH₄) for renewable natural gas production.

Nm³ (Normal Cubic Meter): Volume of gas at standard temperature (0°C) and pressure (1 atm).

Particulate Matter (PM): Solid particles suspended in gas stream, removed by filtration before syngas use.

PSA (Pressure Swing Adsorption): Gas separation process using selective adsorption to produce high-purity hydrogen.

Pyrolysis: Thermal decomposition of organic material in absence of oxygen, producing gases, liquids, and char.

RNG (Renewable Natural Gas): Methane produced from renewable sources, chemically identical to fossil natural gas.

SAF (Sustainable Aviation Fuel): Drop-in jet fuel produced from renewable feedstocks, meeting ASTM D7566 specifications.

SOFC (Solid Oxide Fuel Cell): High-efficiency electrochemical device converting fuel directly into electricity, requiring ultra-clean fuel.

Syngas (Synthesis Gas): Mixture of hydrogen (H₂) and carbon monoxide (CO) produced by gasification, used as fuel or chemical feedstock.

Tar: Complex mixture of condensable hydrocarbons formed during gasification, causing fouling and operational problems if not removed.

Tipping Fee: Fee charged for waste disposal, typically $/tonne.

Water-Gas Shift Reaction: Chemical reaction converting CO + H₂O into H₂ + CO₂, used to increase hydrogen yield.



Appendix B: Key Performance Indicators (KPIs)
Organizations deploying X-150 systems should track the following KPIs to monitor performance and optimize operations:

Operational KPIs:
1. Availability: % of time system is operational (target: >90%)
1. Feedstock Consumption: tonnes/day processed (target: 3.6 tonnes/day at rated capacity)
1. Syngas Production: Nm³/hr (target: 650-730 Nm³/hr for wood)
1. Syngas Quality: H₂ + CO content, tar level (target: <0.5 ppm tar after SyngaPure™)
1. Energy Output: kW electrical or thermal (target: 150 kW electrical, 450 kW thermal)
1. Efficiency: % of feedstock energy converted to useful output (target: 85% CHP)

Economic KPIs:
1. Revenue per Tonne: Total revenue / tonnes processed (target: $150-250/tonne)
1. Operating Cost per Tonne: Total OpEx / tonnes processed (target: $10-15/tonne)
1. EBITDA Margin: (Revenue - OpEx) / Revenue (target: >80%)
1. Payback Period: CapEx / Annual EBITDA (target: <2 years)
1. IRR: Internal rate of return over project life (target: >50%)

Environmental KPIs:
1. Waste Diverted: tonnes diverted from landfill (target: 36,500 tonnes/year)
1. GHG Avoided: tonnes CO₂eq emissions avoided (target: 30,000+ tonnes/year)
1. Carbon Credits Generated: tonnes CO₂eq verified and sold (target: 20,000+ tonnes/year)
1. Biochar Produced: tonnes biochar for soil application (target: 1,000-2,000 tonnes/year)

Reliability KPIs:
1. Unplanned Downtime: hours/year of unscheduled outages (target: <200 hrs/year)
1. Mean Time Between Failures (MTBF): hours (target: >500 hours)
1. Mean Time to Repair (MTTR): hours (target: <4 hours)
1. Catalyst Lifetime: months between replacements (target: >6 months)




Document End

This document is confidential and proprietary to Zero-X Technologies. All technical data, business information, and performance specifications are subject to change based on ongoing development and testing. For the most current information, please contact Zero-X Technologies directly.
