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WIE, Distributed Generation, and Base Load

Waste-to-energy (WTE) is a process that converts non-recyclable waste materials into usable forms of
energy—usually electricity, heat, or fuel. It’s like turning trash into power. Based on conventional
thinking, and understanding the history of WtE, here are a few main types of WTE technologies:

1. Incineration
e How it works: Burns waste at high temperatures.
e Output: Heat used to produce steam, which drives turbines to generate electricity.
e Bonus: Reduces the volume of waste by up to 90%.

2. Gasification & Pyrolysis
e How it works: Breaks down waste using heat with little or no oxygen (pyrolysis = no oxygen;
gasification = limited oxygen).
e Output: Produces syngas (synthetic gas), which can be used for electricity, fuels, or chemical
production.

3. Anaerobic Digestion
e How it works: Microorganisms break down organic (biodegradable) waste in the
absence of oxygen.
e Output: Biogas (mainly methane) and digestate (can be used as fertilizer).

e Reduces landfill use.
e Recovers energy from otherwise useless waste.
e Can reduce greenhouse gas emissions compared to landfilling.

e Incineration can release pollutants if not properly managed.
e Not as environmentally friendly as reducing, reusing, and recycling.
e High upfront costs for facilities.

Conventional methods of WtE has always been thought of it as a bridge between landfilling and a fully
circular economy. However, our technology doesn’t supply a bridge, but rather a complete solution that
offers multiple benefits.

Base-load Electricity Generation:
Base-load generation refers to the minimum level of continuous power that a power grid needs to
supply over a period of time to meet consistent demand.

Imagine it like this:

Think of electricity demand like the heartbeat of a city. There's always a certain amount of energy that
people need 24/7—lights, hospitals, factories, data centers, etc. That steady "always-on" demand is the
base load.



Base-load generators:
These are power plants designed to run constantly and efficiently at a steady output. They're not meant
to be turned on and off quickly. Examples include:

e Coal-fired power plants

e Nuclear power plants

e Hydroelectric power (in some cases)

e Natural gas combined-cycle plants

Characteristics:
o High efficiency at steady output
e Low operating costs (once running)
e Slow to ramp up/down

Base-load vs. Peaking & Intermittent Power:
e Peaking power (like gas turbines) kicks in during high demand (e.g., heatwaves).
¢ Intermittent power (like solar or wind) varies with the weather/time of day and can't reliably
meet base load on their own—unless paired with energy storage.

Big energy shift:
With renewables growing, grids are becoming more flexible. Some experts now argue we don’t need
traditional base-load plants if we have:

e Smart grids

e Energy storage (like batteries)

¢ Demand response systems

e Diversified renewable sources

The Energy Transition: From Base-Load to Flexible Grids

The Old Model: Base-Load-Centric

Traditionally, energy systems were designed like this:
e Base-load plants (nuclear, coal) ran continuously.
e Peaking plants (usually gas) handled spikes in demand.
e The grid followed predictable, centralized generation.

This model made sense when demand was steady and power sources were few and controllable.

The New Model: Flexible, Decentralized, Renewable
With renewables (solar, wind) exploding in popularity, the system has flipped:
e Generation is now variable and weather-dependent.
Storage (like lithium-ion batteries or pumped hydro) helps even out supply.
Smart grids allow real-time response to changing demand.
e Power generation is becoming more local and distributed (think rooftop solar, microgrids).



Key Technologies Enabling the Shift

1. Energy Storage
e Batteries store excess solar/wind when demand is low and release it when needed.
e large-scale examples: Tesla’s Megapack, pumped hydro, molten salt storage.

2. Demand Response
e Instead of only adjusting supply, we now adjust demand.
e Example: Smart appliances delay use during peak hours to help balance the grid.

3. Digital Infrastructure
e Smart meters, sensors, and Al allow better forecasting and real-time adjustments.
e Helps integrate diverse power sources without relying on a single "base-load."

Why Move Away from Traditional Base-Load?
e Coalis dirty - High CO, emissions.
e Nuclear is expensive and slow to build.
e Renewables are cheaper and more scalable.

Challenges Ahead
e Storage still has limits (cost, capacity, duration).
e Grid upgrades are needed for full renewable integration.
e Policy and market incentives must evolve to reward flexibility, not just steady output.

The future grid is less about “always-on” base-load and more about resilient, flexible systems that:
e Use renewables as much as possible
e Store energy smartly
e Shift demand as needed
e Rely on digital tech to orchestrate everything

Distributed Generation (DG)

Distributed generation (DG) is a power system where electricity is generated close to where it's used,
rather than at a large, centralized power plant.

Think of it like this: instead of one giant bakery making bread for the whole city, every neighborhood (or
even home) has its own little oven.

Examples of Distributed Generation
e Rooftop solar panels
e Small wind turbines
e Battery storage systems
e Combined heat and power (CHP) units
e Biogas digesters on farms or wastewater plants
e Microturbines in commercial buildings



Key Characteristics

Feature Description
Location Installed near the point of use (homes, businesses, neighborhoods)
Scale Usually small to medium-sized systems (kW to a few MW)
Ownership Often owned by individuals, co-ops, or businesses, not utilities
Grid Connection May operate on-grid (connected) or off-grid (self-sufficient)

Benefits of Distributed Generation

Reduces transmission losses (power doesn’t travel as far)
Improves reliability and resilience (e.g., during blackouts)
Supports renewable integration at the local level
Empowers users (think energy independence, lower bills)
Scales faster than large power plants

Challenges

Grid coordination: Too many inputs can overwhelm traditional grids.
Intermittency: Solar and wind depend on weather.

Policy and pricing: Net metering, feed-in tariffs, and interconnection rules vary.
Upfront cost: Installing DG systems can be expensive, despite long-term savings.

Distributed Generation vs. Centralized Generation

Centralized Distributed
Big plants (coal, nuclear) Small units (solar panels, microturbines)
Far from users Close to users
Needs long transmission Minimal transmission
Grid-dependent Can be grid-independent

Big Picture:
Distributed generation is a pillar of the modern energy transition, working alongside:

Smart grids
Energy storage
Demand response

It’s like the energy world is shifting from “one-size-fits-all” to “custom, local, and flexible.”

Here's a structured description of base-load electricity generation, along with its advantages over
intermittent sources like solar and wind.




What is Base-Load Electricity Generation?

Base-load generation refers to the minimum level of consistent electricity demand that must be
supplied to the grid at all times, 24 hours a day, 7 days a week.

Base-load Power Plants
These are power plants that are designed to operate continuously and efficiently at a constant output.
They typically:

e Run non-stop, except for maintenance

¢ Have long ramp-up/ramp-down times

e Produce electricity at a relatively low cost per unit

Common Base-load Technologies:

Technology Description
Nuclear Very steady, zero-emission, but expensive to build
Coal Reliable and widely available, but high in emissions
Natural Gas (combined cycle) Cleanest fossil fuel with good efficiency
Hydroelectric (some types) Steady output in certain regions

Advantages Over Intermittent Sources

Feature Base-Load Generation Intermittent Sources (Solar/Wind)
Reliability Always available, 24/7 Dependent on weather and time of day
Grid Stability fPrreoC;/liJiisc\c/onsistent voltage and Requires storage or backup to stabilize
Predictability Output is stable and schedulable Output fluctuates without warning
Capacity Factor High (70-95%) Lower (15-35%)

Energy Density High (small footprint) Lower (needs more land and equipment)

Key Advantages of Base-Load Power

1. Stable Supply
e Ensures hospitals, data centers, and factories have uninterruptible power.
e Prevents blackouts and voltage drops.
2. High Efficiency
e Base-load plants operate best at steady full capacity, making them more efficient over time.
3. Low Operating Costs
e Though capital-intensive, once running, costs per kWh are usually low.
4. Long-Term Infrastructure
e Built to last decades, providing consistent returns and energy security.



The Flip Side

While base-load plants have these advantages, they also face criticism:
e Inflexible: Can't ramp up/down quickly to respond to short-term changes.
e High emissions (coal), high cost and risk (nuclear).
e Not well-suited for modern grids that need fast-response energy.

Intermittent Renewables: The Challenge

Intermittent sources like solar and wind are cleaner and renewable, but:
e Need storage (e.g., batteries) or backup to fill gaps.
e Require smart grid management to balance supply and demand.
e Depend on geographic location and time of day.

Conclusion: A Balanced Approach

In today’s evolving energy system:

e Base-load generation provides the backbone of grid reliability.

e Intermittent renewables are essential for decarbonization.

e The future likely depends on a hybrid system:
o Flexible generation (e.g., natural gas turbines)
o Storage (batteries, pumped hydro)
o Smart grid controls
o Lessreliance on rigid base-load plants, unless they are clean and flexible, like nuclear or

geothermal.

NOTE:

Based on our extensive research, there is virtually no true renewable energy being produced in a base-
load generation. Typically, renewable energy sources are intermittent, and therefore aren’t as reliable
as conventional electricity generation (typically using fossil fuels). The only real clean energy base-load
generation is with nuclear facilities. While those are excellent for supplying large volumes of clean
electricity, they take many years to build and get online, sometimes out to 15 years from initial planning
and design phase. With our ThermoMAX™ Thermal Vortex Combustion System, we offer clean energy,
most of which is renewable energy, in a base-load generation platform, and also destroying a variety of
waste materials. Other renewable or clean energy sources do not offer waste elimination.



Glossary of Terms — Combustion & Thermal Vortex Combustion

Acid Gas
Any gaseous compound that forms acidic solutions in water, such as HCl or SO..

Acid Gas Scrubber (Wet/Dry)
Removes HCI, HF, and SO, from flue gases using lime slurry or dry sorbent injection.

Acid Neutralization

The process of chemically neutralizing acidic gases using bases such as lime (Ca(OH),) or sodium hydroxide
(NaOH).

Adiabatic Flame Temperature
The maximum theoretical flame temperature if no heat is lost to surroundings.

Air-to-Fuel Ratio
The ratio of combustion air supplied to fuel mass; determines whether combustion is complete, lean, or
rich.

Baghouse
A pollution control device that removes particulates from flue gases using fabric filter bags.

Boiling Point
The temperature at which a liquid turns into vapor or gas.

Bottom Ash
Inert, non-combustible residue that remains at the bottom of a combustion chamber after burning waste.

Carbon Capture and Storage (CCS)
Technology to capture CO, from flue gases, often via amine absorption (e.g., MEA scrubbing), then
compress and store it underground.

Chlorine Radical (Cl)
A highly reactive chlorine atom formed when chlorine compounds dissociate at high temperatures.

Combustion Efficiency
A measure of how completely the fuel is converted into desired combustion products (CO, and H,0).
Also: Ratio of actual energy extracted to theoretical maximum energy content of the fuel.

Constituent Atoms or lons
The individual atoms or charged particles (ions) that make up a compound. For example, NaCl is composed
of sodium (Na*) and chloride (CI7) ions.

Continuous Emissions Monitoring Systems (CEMS)
Instruments that provide real-time data on stack emissions for regulatory compliance.

Corrosive Condensates
Liquid compounds that form when acidic or alkali gases condense on cooler surfaces, causing corrosion.



Cyclone Separator
A device used to separate particulates from a gas stream using centrifugal force.

Dioxins/Furans
Highly toxic compounds that can form from incomplete combustion of organic material in the presence of
chlorine, though minimized at high temperatures.

Dissociation
The process by which a compound breaks down into its constituent atoms or ions, especially under high
temperatures or turbulence.

Effluent
waste material (such as smoke) discharged into the environment especially when serving as a pollutant

Electrostatic Precipitator (ESP)
A filtration device that removes particles from a gas stream by applying an electric charge.

Emission Standards (EPA/ EU WID)
Regulations limiting air pollutants released from WtE facilities. In the U.S., the EPA regulates under the
Clean Air Act; in Europe, the Waste Incineration Directive (WID) sets strict limits.

Endothermic Processes
Reactions absorbing heat, sometimes occurring in fuel decomposition (pyrolysis) before full combustion.

Energy Recovery Certificate (ERC)
A credit or certificate showing that energy was produced from waste, sometimes tradable like Renewable
Energy Credits (RECs).

Energy Recovery Efficiency
A measure of how much of the waste’s energy content is converted into usable electricity or heat.

Entrained Particles
Particles carried by a gas or fluid flow, often moving with or suspended in combustion gases.

Entrapment Zone
A region within a vortex chamber where particles or gases are temporarily held due to centrifugal forces
and rotational flow.

Eutectic Temperature
Temperature where ash melts into slag; key in designing furnaces to prevent fouling.

Exothermic Reaction
A chemical reaction releasing heat, such as combustion.

Feedstock
The waste material supplied to a WtE plant, such as MSW, biomass, or sargassum.



Flue Gas
The exhaust gas emitted from a combustion process, typically consisting of CO,, H,0, N,, O,, and trace
contaminants.

Flue Gas Recirculation (FGR)
Re-injecting a portion of cooled flue gas into combustion air to lower flame temperature and reduce NOy
formation.

Flue Gas Treatment
The process of cleaning gases emitted from waste combustion to remove pollutants (acid gases,
particulates, heavy metals, dioxins).

Fly Ash
Fine particulate matter carried with flue gases, often requiring capture through filters or
scrubbers.

Gasification
Partial oxidation at limited oxygen, converting waste into syngas (CO + H,), which can be burned or refined
into fuels.

Hydrocarbon Combustion
Complete: CkH, + O, - CO; + H,0 + heat. Incomplete: Produces CO, soot, or volatile organics when oxygen
is insufficient.

HCI (Hydrogen Chloride)
A corrosive gas produced when chlorine reacts with hydrogen, often formed during combustion of chlorine-
containing materials.

Hydrogen Radical (H)
A reactive hydrogen atom that can combine with other atoms, such as chlorine, during combustion
reactions.

Inert Behavior
A state where a substance does not readily react with other chemicals under given conditions. In
combustion, some materials may remain chemically stable and unreactive.

Melting Point
The temperature at which a solid turns into a liquid.

Molten Phase
The liquid state of a material after it has melted but before it has vaporized.

NaCl (Sodium Chloride)
The chemical compound commonly known as salt, found in seawater and organic materials contaminated
with seawater.



NaOH (Sodium Hydroxide)
A strong base formed when sodium oxide reacts with water vapor; can be corrosive in exhaust systems.

Na,O (Sodium Oxide)
A basic oxide formed when sodium vapor reacts with oxygen during high-temperature processes.

NO, (Nitrogen Oxides)
Pollutants formed at high combustion temperatures, contributing to smog and acid rain.

Oxidation Reaction
Core combustion reaction where carbon (C) + oxygen (O;) - carbon dioxide (CO,) + heat.

Particulate Matter (PM)
Tiny solid/liquid particles released in flue gases, captured with baghouse filters or electrostatic
precipitators.

Particulate Matter (PM2.5)
Fine particles with a diameter of 2.5 microns or less that are regulated due to health and environmental
risks.

Permitting Process
WIE projects require air permits, solid waste permits, and environmental impact assessments under EPA,
state, or local rules.

Pyrolysis
Thermal decomposition of organic material in absence of oxygen, producing char, gas, and tars —
precursor stage to combustion.

Refractory Lining
Heat-resistant materials (such as bricks often referred to as “fire bricks”) used to line the interior of high-
temperature systems like combustion chambers.

Refuse-Derived Fuel (RDF)
Processed solid waste with non-combustible materials (glass, metals) removed to improve fuel quality.

Residence Time
Duration that gases or waste particles remain in the combustion chamber; critical for complete oxidation of
hazardous compounds.

Scrubber
An air pollution control device that removes pollutants from exhaust gases by passing them through a
liquid solution.

Selective Catalytic Reduction (SCR)
System using a catalyst and injected ammonia/urea to convert NOy into nitrogen and water vapor.



Shear Force
A force that causes parts of a material to slide past each other in opposite directions, enhancing particle
breakdown and mixing.

Sorbent Injection
The process of introducing chemical compounds (like lime or kaolin) to neutralize acidic or reactive gases in
the combustion stream.

SO, (Sulfur Dioxide)
Emission from sulfur-containing waste; regulated due to respiratory and acid rain impacts

Thermal Decomposition
The breakdown of a chemical compound due to heat without reacting with oxygen (unlike combustion).

Thermal Vortex Chamber
A combustion system using rotational airflow (vortex) at high temperatures to achieve complete
combustion of waste materials.

Thermal Vortex Combustion
A specialized combustion process that uses swirling airflows to enhance heat transfer, combustion
efficiency, and reduce emissions.

Thermochemical Reactions
Chemical reactions driven by heat, including both combustion and secondary reactions involving salts and
gases.

Trace Metals
Metals found in very small concentrations that can become airborne during combustion and pose
environmental hazards.

Turbulence
Chaotic, swirling motion in fluids that enhances mixing and reaction rates in combustion systems.

Volatile Toxic Compounds
Chemicals that easily vaporize at high temperatures and are harmful or poisonous to humans and the
environment. Often formed from metal or chlorine-containing materials under combustion conditions.

Volatilization
The physical or chemical process by which a substance transitions from a solid or liquid phase into a gas or
vapor, typically due to heat.

Waste-to-Energy (WtE)

A process of generating energy in the form of electricity or heat from the controlled combustion of
municipal solid waste (MSW) or other refuse-derived fuels. It’s also called Energy Recovery, or Recycled
Energy. The major components are: Heat source (in our case, the ThermoMAX™ system), heat recovery
steam generator — HRSG (aka — waste heat boiler), and a steam turbine generator set.



& Combustion Types:

Complete Combustion

e Definition: A process in which a fuel reacts with sufficient oxygen, so that all carbon in the fuel
becomes carbon dioxide (CO,) and all hydrogen becomes water (H,0).

e Reality: In industrial practice, “complete combustion” often still produces small traces of carbon
monoxide (CO), unburned hydrocarbons, or nitrogen oxides (NOy), but it is close to the theoretical
ideal.

e Equation (example with methane):

CH4 + 20, = CO; + 2H,0 + heat

Perfect Combustion (aka Complete and Perfect Combustion)
e Definition: A theoretical, ideal condition of combustion where:
o Allfuelis burned completely.
o Only CO; and H,0 are formed (no CO, NOy, SO,, soot, or unburned hydrocarbons).
o The exact stoichiometric air-to-fuel ratio is supplied — no excess air, no deficiency.
e Reality: Perfect combustion does not occur in real systems, because even with precise control,
mixing and turbulence limitations mean some pollutants are always formed.
e Use in practice: The term is often used in thermodynamic calculations as a reference case for
maximum efficiency.

Incomplete Combustion
e Definition: A process where there is insufficient oxygen, poor mixing, or low residence time,
resulting in partial oxidation of the fuel.
e Byproducts: Carbon monoxide (CO), soot (C), volatile organic compounds (VOCs), and sometimes
aldehydes or tars.
e Consequences:
o Lower efficiency (less energy released).
o Higher emissions of toxic compounds (CO, soot, hydrocarbons).
o Safety hazard in enclosed spaces (CO poisoning).
e Equation (example with methane):
2CH4 + 30, = 2CO + 4H,0 + heat (instead of CO,)

In short:
e Perfect combustion = idealized, 100% efficient, only CO, + H0, stoichiometric air.
e Complete combustion = practical “good” combustion, enough oxygen, but some trace pollutants
may still form.
¢ Incomplete combustion = oxygen deficiency or poor conditions, leading to CO, soot, VOCs, and
wasted fuel.



Stoichiometric Combustion
¢ Definition:
Stoichiometric combustion occurs when the exact theoretical amount of oxygen (or air) required
to completely burn a given fuel is supplied — no more, no less.
e Key Characteristics:
o The air-to-fuel ratio (AFR) is at its theoretical (stoichiometric) value, meaning all the carbon
in the fuel can be converted to CO, and all the hydrogen to H,0.
o There is no excess oxygen in the flue gas, and ideally no unburned fuel.
o Inequations, stoichiometric combustion is used as the reference point for calculating
excess air or air deficiency in real systems.
e Example (Methane, CH,):
CH4 +2 0; & CO;y + 2 Hy0 + heat
(This requires exactly 2 moles of O, per mole of methane for stoichiometric combustion.)
e Practical Note:
o Inreal furnaces, boilers, and engines, operators usually supply excess air (above
stoichiometric) to ensure complete combustion, since perfect mixing never happens.
o Too much excess air, however, reduces efficiency by carrying heat away in the flue gases.

In short: Stoichiometric combustion = the theoretical “perfect balance” of fuel and oxygen. It's the
baseline against which engineers measure real-world combustion (with excess air or air deficiency). Some
refer to it as “The Holy Grail of Combustion)



Glossary of Terms: Electricity Generation,
Transmission & Distribution

Ancillary Services
Services beyond basic electricity delivery, such as frequency regulation, spinning reserve, and voltage support.

Balancing Authority (BA)
Entity responsible for balancing supply and demand within a defined area of the grid.

Base-load Electricity Generation
Base-load generation refers to the minimum level of continuous power that a power grid needs to supply over a
period of time to meet consistent demand.

Capacity Factor
A measure of how often a plant runs at full power compared to its maximum capacity.

Dispatch
The process of instructing power plants to increase or decrease generation to meet real-time demand.

Distributed Generation (DG)
Distributed generation (DG) is a power system where electricity is generated close to where it's used, rather
than at a large, centralized power plant.

Distribution
The delivery of lower-voltage electricity (typically 4 kV — 35 kV) from substations to homes, businesses, and
industries.

Electricity Generation
The process of converting mechanical, chemical, or thermal energy into electrical energy. In WLE, this typically
uses a boiler, steam turbine, and generator system.

FERC (Federal Energy Regulatory Commission)
Federal agency regulating interstate transmission of electricity, natural gas, and oil pipelines.

Grid
The interconnected network of power generation plants, transmission lines, substations, and distribution
systems delivering electricity to consumers.

Interconnection Queue
List of proposed generation/storage projects awaiting approval to connect to the grid.

ISO (Independent System Operator)
Similar to RTOs but generally confined to one state or smaller region (e.g., CAISO in California).

Load Demand
The total electrical power required by consumers at a given time.



Load Shedding
Controlled reduction of power demand (rolling blackouts) during emergencies to prevent total grid collapse.

Microgrid
A localized energy grid that can operate independently or in conjunction with the main grid, enhancing
resilience during blackouts.

MISO (Midcontinent Independent System Operator)
One of the largest RTOs in the U.S., covering 15 states and Manitoba, responsible for balancing supply/demand
and operating wholesale electricity markets.

NERC (North American Electric Reliability Corporation)
Regulatory body overseeing reliability standards for the bulk power system in North America.

Peak Load
The maximum electricity demand recorded over a period, often during extreme weather.

PJM Interconnection
Major RTO managing the grid for 13 states and D.C., often referenced in U.S. electricity pricing and reliability
discussions.

RTO (Regional Transmission Organization)
Independent, federally regulated entity managing transmission lines across multiple states, ensuring grid
reliability and competitive electricity markets.

Smart Grid
Modernized electrical grid using digital technology, sensors, and automation to enhance efficiency and
reliability.

Steam Turbine Generator (STG)
A machine that converts steam energy into mechanical rotation, which drives a generator to produce electricity.

Substation
A facility where voltage is stepped up (for transmission) or stepped down (for distribution) using transformers.

Transmission
The movement of bulk electricity at high voltage (usually 69 kV — 765 kV) from generating stations to
substations.



