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1. INTRODUCTION

WHAT IS GASIFICATION?
⃞

⃞

⃞

⃞

⃞

Gasification is a process that converts carbonaceous materials, such
as MSW and biomass, into a mixture of mostly hydrogen and carbon
monoxide (called synthesis gas, or syngas)

Other gaseous species (including some potential air pollutants) also
are formed; amounts depend on the fuel composition and process
conditions
The syngas can be burned as a fuel, or processed to produce
chemicals and other fuels

Many different gasification processes have been proposed, employing
different schemes for fuel feed, reactor design, etc.
Current generation of gasfiers are much cleaner and more efficient
than earlier designs

PLASMA GASIFICATION TECHNOLOGY (1/2)
⃞

What is plasma?
An electrically charged gas (superheated air).
Capable of temperatures exceeding 13,000°F.
Examples in nature are lightning and the Sun.

⃞

What is plasma gasification?
Break down of organic materials (MSW) into simpler molecular structures
using extremely hot air.

Converts all organic materials into gaseous fuel.
⃞

What is the end product?
Synthesis Gas - “Syngas”  – consisting of H2 + CO.

Syngas, similar to natural gas, can be used as fuel to generate electricity or
steam.

PLASMA GASIFICATION TECHNOLOGY (2/2)
Conventional Gasification

•  10  ~  30  atmospheres,  temperature  >  1000℃, high pressure required
•  Preheating essential for operation, difficulties in operation/maintenance

MSP Gasification

STATUS OF PLASMA GASIFICATION PLANT (1/6)
⃞

Operating Facilities
Pune, India by SMS Infrastructures Limited & AlterNRG (03/2013)
- Capacity: 72 TPD
- Product: Syngas is used to create electricity which is

exported to grid. 1.6 MW (net) of electricity (3 MW

generated by the generator)
- Material : hazardous waste (3000 MJ/m3)
- System:  Alter  NRG’s  Plasma  Gasification  Technology,  4  

plasma torches of 300 kW of which 2 in continuous
operation & other 2 operate 1hr before lancing (molten

The Pune facility is the largest
plasma gasification energy
recovery from hazardous waste
facility in the world

slag removal), which is carried out 2 times in a 8hrs shift.
- Status: Operating, construction complete and gasifier

commissioned in 2009

STATUS OF PLASMA GASIFICATION PLANT (2/6)
⃞

Operating Facilities
Mihama & Mikata, Japan, Hitachi Metals

- Capacity: 20 TPD and 4 TPD of sewage sludge

Westinghouse Plasma is providing
gasification technology, which has
been used in Mihama-Mikata
waste-to-energy facility for more
than five years

- Product: Heat for the municipal waste water treatment

facility
- System: Alter NRG & Westinghouse Corp Plasma

Gasification Technology

STATUS OF PLASMA GASIFICATION PLANT (3/6)
⃞

Operating Facilities
Utashinai, Japan, Hitachi Metals Ltd.
- Capacity: 200 ton per day auto shredder

residue or 300 ton per day MSW
- Product: 3.9MW net energy to the net and

4MWe used internally
- Status: Eco-valley is operational since

2003

Process Flow Diagram, Utashinai, Japan

STATUS OF PLASMA GASIFICATION PLANT (4/6)
⃞

Operating Facilities
Ship  Carnival’s  MS  Fantasy,  USA,  Pyrogenesis
- Capacity: > 400 lbs/hour

- Product: Syngas that is combusted
- Material: ship waste including paper, cardboard, plastics, textiles, wood and food

- System: Plasma Arc Waste Destruction System (PAWDS)
- Status: operational after three years of testing with 1500 hours of operation

USS Gerald R. Ford Supercarrier, USA, US Navy & Pyrogenesis
- Capacity: Five tons per day
- Product: Syngas that is combusted
- Material: Shipboard waste
- Status: Successful design, construction and testing Sep 2011

STATUS OF PLASMA GASIFICATION PLANT (5/6)
⃞

Facilities under Construction
Tees Valley Renewable Energy Facility, UK
- Tees Valley facility will process 1000 TPD of pre-

sorted MSW and produce electricity through a
combined cycle power island configuration. A

combined cycle power island is the combination
of a gas turbine(s), a heat recovery steam

generator and a steam turbine and is considered
the most efficient technology for converting gas to

power.
- The facility will employ sophisticated syngas

clean-up technology to ensure the syngas meets
the demanding specifications of the gas turbines.

STATUS OF PLASMA GASIFICATION PLANT (6/6)
⃞

Facilities under Construction
Wuhan Kaidi Wood Waste Plant, China
- In December of 2011, Wuhan Kaidi, a very large

Chinese energy company, began construction of a
new technology park in Wuhan, China. The facility

includes a 150 TPD plasma gasifier. The Kaidi
facility will process biomass for conversion to
power and liquid fuels.
- Kaidi’s business plan includes building numerous

facilities of capacities greater than 800 TPD of
biomass.

ADVANTAGE OF PLASMA GASIFICATION TECHNOLOGY (1/2)
⃞

⃞
⃞

⃞

⃞

Minimizes the need for landfill space by converting waste to energy.
Landfills produce methane gas which has an impact on climate
change 20 times greater than carbon dioxide.

Reduces the emission of pollution and greenhouse gases
Has higher levels of efficiency. Similar waste to energy technologies
from competitors use more than 50% of the energy generated to
operate the plant, comparatively, the plasma gasification process uses
approximately 20% of the energy generated.

Has a cost of construction and operation that are significantly cheaper
than competitors.
Has emissions substantially lower than those resulting from
incineration

ADVANTAGE OF PLASMA GASIFICATION TECHNOLOGY (2/2)
⃞

Allows for smaller scale power plants that are not possible with competitors.
This allows the development of micro power plants that provide access to
off-grid communities. This development has potential for providing access to
power for rural communities in Asia and Africa.

⃞

Uses multiple feedstocks
Municipal Solid Waste
Medical Waste
Industrial waste
Solid biomass (wood)
Low grade coal (< 4000 kcal/kg)
Petcoke
Recycled paper cubes

⃞

Compatible with innovative carbon capture and sequestration systems

COMPARISON OF PLASMA GASIFICATION VS. INCINERATION
Plasma Gasification

Incineration

Feedstock
Flexibility

Ability to mix feedstocks such as MSW, Industrial Waste,
Commercial & Industrial Waste, Hazardous Waste, Medical
Waste, Biomass Fuels (such as wood waste)

MSW and other common waste streams;
difficult to mix multiple feedstocks

Fuel Created

Syngas (Carbon Monoxide and Hydrogen)

not applicable

End Product
Opportunities

•  Replacement  Fuel  for  Natural  Gas  and  Fuel  Oil
•  Power  via  Steam  cycle  
•  Power  via  Combined  cycle  or  Reciprocating  Engines
•  Power  via  Fuel  Cells  (future)
•  Process  Steam
•  Liquid  Fuels  (ethanol,  bio-diesel)
•  Hydrogen
•  Fertilizer  Compounds

Power via Steam cycle
Process Steam

Overall Plant
Efficiency

Combined Cycle Process: 1 ton of municipal solid waste is
capable of creating 1000 kWh of power via combined cycle
configuration

Steam Cycle Process: 1 ton of municipal
solid waste generates between 500-650
kWh of power

Dioxins and
Furans

Better overall emissions and the high operating temperature
(>1000°C) and oxygen starved environment destroys any
dioxins/furans that may be present in the feedstock.

The presence of oxygen, chlorine, and
particulate creates the right conditions for
the formation of dioxins and furans

By-product

Inert, non-hazardous and non-leaching glassy slag salable
as an aggregate building product or rock wool. Most
particulate recovered during cleaning of the syngas is
recyclable

Hazardous fly ash and scrubber residues
plus incinerator bottom ash

2. MICROWAVE STEAM PLASMA
(MSP) SYSTEM

COMPARISON OF GASIFICATION PROCESS
Parameter

Conventional
Gasification

Arc Plasma

Microwave Plasma

Source Temperature

1,000 ~ 1,300℃

7,000 ~ 15,000℃

3,000 ~ 5,000℃

Reaction Temperature

1,000 ~ 1,300℃

1,000 ~ 1,300℃

1,000 ~ 1,300℃

Molecular Process

Chemical Oxidation

Physical Acceleration

Vibration and
Physical Acceleration

Plasma Generator

Fuel, O2

Electric Power, air, O2, Electrical Power
Ar, N2
Water Vapor

Oxidyzing Agent

O2

Air, O2

Steam

Oxidyzing Species

O2

O2

OH, O+ radicals

Moisture Sensitivity

High

Medium

Low

Residue

Slag, Charcol

Vitrified Slag

Vitrified Slag

Energy Consumption
Control

Constant

Constant

Variable

WHY USE MSP?
⃞

Significantly less energy compared to that of conventional
technologies. This results in a much reduced parasitic load on the
plant, serving as a real opportunity to improve the efficiency of
advanced gasification processes.

⃞

Significantly lower CAPEX compared to conventional DC plasma
torches and as such makes plasma gasification a commercially viable
option for smaller scale systems.

⃞

Significantly longer operational lifespan compared to that of
conventional DC plasma torches, resulting in extended periods
between plant shutdown and maintenance.

⃞

Significantly reduces the footprint of such high-temperature
gasification systems making the technology suitable for smaller
regional based projects and specialist field deployment.

MSP TECHNOLOGY (1/6)
Functional Block Diagram for Microwave Plasma Gasification Plant
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MSP TECHNOLOGY (2/6)
⃞

Steam Plasma Torch

MSW is fed inside the steam
plasma torch at
temperatures >3,000℃

Rapid vapor expansion results in
break down into smaller size
MSW. Simultaneously, the vapor
decomposes onto H2, O2 and OH,
catalyzer

Greater surface area of
smaller MSW particles
allow more efficient
gasification

Typical existing gasifier uses dry coal, requiring a separate heating process to
remove the moisture of brown coal before being fed into gasifier;
Moreover typical existing gasifier operating temperature of ~ 1,400℃ is not high
enough to break down the coal into smaller sized particles.
MSP gasifies high moisture MSW well due to the high temperature of steam
plasma

MSP TECHNOLOGY (3/6)
⃞

Advantages of MSP Gasifier
Fuel Condition: Possible for the MSW with low heating value (<2000kcal/kg) and high moisture
(~30%)

Gasification Temperature/Flexibility: 3000℃ (directly, saves preheating cost)/Good for < 10MW
plant and gasifying MSW easily by modifying feeder

Gasification Energy Input: Torch energy + ~ 15% MSW oxidation
Gasification Pressure: 1 atm
O2 Facilities: Saves >10% of facility expenses and also the operating cost by using steam since the
water plasma torch is used instead of the use of O2 facility of existing gasifier.
Electricity Consumption: Plasma torch uses 20 ~ 30% of total electricity generation
Emissions substantially lower than those resulting from incineration

MSP TECHNOLOGY(4/6)
⃞

Emissions
Environmental philosophy of Microwave Steam Plasma Gasification is based on
ALARA (as low as reasonably achievable) of radiation safety industry.
Pollutant

CanadaCCME

US EPA New
Source
Performance
Standards

US EPA
Section 111(d)
Emissions
Guidelines

Recently
Permitted
Incineration
Facilities in USA
(200 ~800TPD
MSW)

Arc Torch
Plasma MSW
(Second
generation
gasification
Technology)

Microwave Steam
Plasma
Gasification
(Third generation
gasification
Technology)

NOx (ppmvd)

293.32

150

205

110-205

36.66

20

PM (mg/dscm)

28.08

20-24

25-27

16-27

4.21

0.3

SO2 (ppmvd)

136.94

30

29-31

26-29

1.05

1

HCL (ppmvd)

69.4

25

29-31

25-29

6.48

0.2

CO (ppmvd)

68.66

100

100

100

19.27

2

Hg (μg/dscm)

Tier 3
Metals

50-80

80

28-80

<1.4

0.005

PCDD/PCDF
(ng/dscm)

0

13-30

30-60

13-30

0

0.002x10-6

MSP TECHNOLOGY (5/6)
⃞

Summary
The plasma gasification process is distinctly different than incineration, resulting in
fewer emissions, a smaller proportion of solid residue following processing, a

residue (slag) that is inert and a potential raw material for value-added products,
and a synthesis gas that can be used to generate heat or power, or as a feedstock for
production of industrial chemicals or liquid fuels.

Source separation prior to plasma processing is highly desirable from economic
and environmental perspectives. Virtually any material can be decomposed in a
plasma gasification system. However, to achieve a favorable energy balance the

volume of inorganics in the waste stream should be minimized.

MSP TECHNOLOGY (6/6)
⃞

Summary
The main solid product of Microwave Steam Plasma Gasification is a glass-like
(vitrified) inert slag that amounts to 1/20th to 1/12th the volume of the original
waste stream.

There are no documented cases of health/safety incidents or issues in or related to
plasma gasification plants.
There are emissions from Microwave Steam Plasma Gasification when gases are
used in energy generation. However, such emissions will be well within established

limits by introducing ALARA philosophy.

SCHEMATIC DIAGRAM

INTEGRATED SOLID WASTE MANAGEMENT IN SINGAPORE
⃞

Strategies for Waste Management

INTEGRATED SOLID WASTE MANAGEMENT IN SINGAPORE
⃞

Overview of Current Waste Management System

INTEGRATED SOLID WASTE MANAGEMENT IN SINGAPORE
⃞

Incineration Plant in Singapore (1/2)

INTEGRATED SOLID WASTE MANAGEMENT IN SINGAPORE
⃞

Incineration Plant in Singapore (2/2)
Section

Tuas South
Incineration
Plant

Keppel
Seghers Tuas
WTE Plant

Senoko
WTE
Plant

Tuas
Incineration
Plant

Capacity (TPD)

3000

800

2400

2000

Turbine Capacity(MW)

80

16

56

46

Tipping Fee for MSW (S$/ton)

77

83

81

79

Waste Incineration Unit Price (S$/ton)
⃞

85 ~ 95

Pros & Cons
Pros

Cons

Well proven economically and technically

Poorly perceived by public

Cheaper to build and operate

Ash may need special handling

Good air pollution control equipment is available

Wet waste does not burn well

INTEGRATED SOLID WASTE MANAGEMENT IN SINGAPORE
⃞

Challenges
Increase in waste generation due to population and economic growth
Limited space for disposal and recycling facilities
How to further raise recycling rate
Turning waste into resource

INTEGRATED SOLID WASTE MANAGEMENT IN SINGAPORE
⃞

Conclusion

Eco-Friendly

Higher levels of
efficiency than
similar waste to
energy technologies

MSP
Technology
Turning waste
into resource

Substantially
reduces the
emission of
pollution

Significantly
reduces the
footprint of
gasification systems

Minimizes the
need for
landfill space

