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Clean Energy from Urban Waste by 
Plasma Gasification

It is  well known  that  Renewable   
Energy (RE)    provide the  answer in 
terms of  their  abundant  distributed  

availability of resources  and  carbon neu-
trality in the operating  life cycle. On the 
flip side,  it  suffers     inherent  deficien-
cies  on one or more  counts  of  discon-
tinuous  supply of power, high  capital  
cost, constraints  of  grid connectivity  (as  
the systems  are built  around large ca-
pacity fossil fuel fired  plants),  compara-
tively  lower  stand alone  station capacity  
and the like.  These  constraints  probably 
explain why  renewable energy  produc-
tion  don’t  grow at the pace the  world 
community  would like it to do for a near 
carbon stabilization.

There  are a number  of  known  
sources  for  generation of  renewable en-
ergy. but their   economics, potential scale 
up and  logistics  need  to be evaluated  
for   viable  commercial application  to be 
emergent   sources in  future energy mix.  
Fossil fuels,   drawn  from  concentrated  
sources, are  limited to their  known ex-
tractable reserves  and  considering their    
consumption pattern, they  will  deplete  
in foreseeable future. On the other hand,  
renewable  energy  sources  are varied and  
widely dispersed    the world over  and  
their  total  power production possibilities 
far exceed  what the   fossil fuels cumula-
tively  could possibly offer. Though  con-
science is  building up to increase the share 
of renewables   in the energy spectrum, 
needless to say  the carbon factoring is  to 
be done  scrupulously by legislation   for 
fossil fuel based plants to realize the com-
parative  economics with  renewables. It  

will  offset the cost advantage coal  based 
plants in particular,   seem to  currently  
enjoy and save environment from attend-
ant damage by them.  Time   has probably 
come when production and utilization of 
energy  have to undergo a radical change 
by  economic  evaluation  from the global 
warming and climate change perspective.

Energy  From Waste is Solution to 
Manage Garbage In our Cities
The  concept of  generating  Energy from  
Waste ( EfW )  produced  from   household  
and commercial sources   have been around 
for decades. It  has got high potential  for 
meeting part of the energy requirement 
besides providing  sustainable solution to 
the mounting problem of  waste disposal  
in cities. As cities have grown horizontally   
landfill  sites  have become  scarce  and   
transport distance of the garbage have be-
come longer, costlier and more difficult ;  
simultaneous  growth of cities  vertically  in 
terms of high rises and multi-storeyd  resi-
dential and commercial complexes  have 
multiplied  the problem, as far larger quan-
tities of waste  is now produced in  these  
areas  ( Higher  Garbage  Pressure 
measured in Tons per square kilometer ) 
due to high population density combined 
with  huge floating  population that visit 
the cities every day. Life style, food habits 
and  household  consumption pattern  are 
changing  fast  and  the change   produces 
garbage  quantities  more than  before. 
Urban waste  management has thus be-
come crucial  to avoid potential hazard to 
public health.  It is imperative that  reliable 
systems are put in place  for segregation, 

collection, storage, transport  and safe dis-
posal of day streams of waste materials. 
It is a well known  experience that  3Rs 
of  waste management -  Reduction, Reuse 
and Recycle  are less realized in develop-
ing countries than in developed ones.  The  
waste generation being high and recycling 
of  materials being  at miserably low levels,  
practical  management  solutions for  bulk 
of the garbage need  to address twin pur-
pose of  climate concerns and community 
health risks. .  

Energy from Waste (EfW)  is  being 
steadily embraced by countries  as a sus-
tainable solution to waste management.   
It  has  been  accepted  as the preferred 
method of waste management in Japan, 
Korea,  Sweden, Denmark, Germany,  USA, 
North America, China. and several other 
countries in the world.  It is said to have 
less environmental impact  than almost  
any other source of electricity  while reduc-
ing waste  to minimum residual volume. A 
major  advantage of  EfW  facility  is tht it 
could  generate electricity round the clock 
throughout the year, unlike solar or wind 
power.  More than 140  million tonnes  of 
waste  is reported to be processed annu-
ally in EfW plants in the world.  It is .likely 
to increase to 153  million tonnes  when 
100 more  new plants get commissioned 
by 2012.

Urban India produces  over  forty two 
million tons of  solid waste a year. Per cap-
ita  solid waste  generation  in  the country 
varies between  0.4 -0.6 Kilogram per day. 
Population  as well  as  per capita waste 
generation  show  fast   increasing trends, 
thereby  they together   will push  up 
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Transition from fossil fuel  dominated  energy  to clean, carbon compliant sources  
demand   its   generation  from   alternative  sources  that  could  provide flexible 
and scalable solutions.. This is the big challenge  in view that the  gas and coal fired 
installations  continue  to  increase  unabated  notwithstanding the  harsh realities of 
global warming and climate change consequences.
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waste generation  quantities  at an alarm-
ing rate in coming years. Regrettably the 
current  practice of   waste management is 
in a terribly bad state  in  our metros and 
big cities and unless efficient and  reliable   
methods  for waste   management are 
put in place  sooner than later, it will pose 
grave problems  to the society. It is time 
no new landfills and incinerations  permit-
ted  and gasification  is encouraged  as the  
select  route for waste management and  
gas produced is utilised for onsite power 
generation.  The government initiative, 
policy changes, tariff advantage, incen-
tives, grants, grid connectivity are all pack-
aged in a way  in favour of  setting  up of  
plants in a Public Private Partnership (PPP) 
format to save the cities.  India is reported  
to have the potential to produce 2,700 
MW energy from waste.  A lot needs to be 
done  on war footing to  increase the share 
of EfW   in the renewable energy basket 
in the country. Its contribution could be 
significant in  taking  the current share of 
renewable energy from 4%  to  targeted  
10%  by 2012.

Fugitive Methane from Landfill 
Gases add to  Carbon Risk  
Due to poor financial  status and weak 
administration of the Urban  Local Bodies,  
systematic  collection of garbage and  its ef-
ficient   disposal  methods are far below the 
expected levels. Typically  30-60  percent 
garbage is not collected, allowed  to  lie in 
community  collection  sites,   indiscrimi-
nately dumped in streets and drains  and  
eventually may find  way to uncontrolled 
landfills  as that  seem to be the least cost  
way for  waste  management.  The sites 
in  all our  metros and major city  peripher-
ies  are overfilled  due to rapid urbanization  
and  at the top of it,   most of them are just 
dumpsites  and  not engineered sanitary 
landfills with  proper design for compact-
ing, isolating  and   garbage conditioning 
to  safeguard  public health and environ-
ment.  The landfill organics decompose 
over a period of time and  produce   a va-
riety of  off gases. Methane is the principal 
landfill gas constituting about fifty percent 
of the total gas  produced.  It is  a  green-
house gas    more  than twenty times  po-

tent than carbon dioxide to global warm-
ing.   In absence of effective  capturing  
system for  collection and utilization of  its 
heat value, gases   escape into atmosphere 
and  severely   impact  global warming. 
Even with a good  landfill  cover layer  and  
efficient  capturing system more than half 
of the  useful methane find way to the at-
mosphere. Contrary to general belief, land-
fill  doesn’t  even  work out  cheap,  if  the  
carbon is factored,  space requirements  is 
accounted for,  carrying cost  is calculated  
and  the potential loss of  energy  generat-
ing landfill gas is added up.  

Municipal Solid Waste (Management 
& Handling ) Rules – 2000, notified un-
der Environment Protection Act 1986, 
Government of India’s guidelines specify  
that landfill deposits be  restricted to non 
bio-degradables, inert wastes and other 
wastes which are not suitable either for  
recycling or  for biological processing. Pro-
hibiting  deposition of  biodegradables in 
landfill reduces the possibility  of  substan-
tive  emission of   methane  which other-
wise  would have  come from them over 
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the period of  time. This is a  departure  
from the indiscriminate waste   containing   
41-62 %  compostables and  11-22 % re-
cyclable materials to landfills. For each ton 
of  waste that  could be gasified  instead 
of  going to landfill,  there is an emission  
reduction of equivalent  of  almost one ton  
of carbon dioxide. 

Incineration is Thermally 
Inefficient and  May Cause  Air, 
Water and Land Pollution
Incineration,  that is  burning  of  garbage  
at round 900 degree Celsius  is an age 
old practice.  The hot   combustion  gas 
produced  is used to convert  water  to 
steam. The steam could be used  for do-
mestic purpose  or  process  heating or   it  
could be utilized  for  driving   turbine  and 
that in turn could  drive the   generator  
for producing  electricity.  It is a thermally 
inefficient process  and  very  little elec-
tricity production  possibilities could be 
realised. Incinerator  backed   power  emit 
more  carbon dioxide  per  megawatt than 
the coal fired power plants.  Incineration   
produces  only  a fraction of   energy as 
compared to gasification  besides  being  a  
potential source  of emission of heavy met-
als, dioxins and  furans  that could  cause 
air, water and land pollution.  

Gasification  is a Two Pronged Ap-
proach To Reliable Waste Management & 
Useful  Electricity Generation 

In  a scenario  of  alarming propor-
tion of  increasing household   garbage or 
trash  ( what in industry parlance is known 
as  Municipal Solid  Waste ), and  growing  
concern  for safe disposal,   gasification of 
the waste  scores over landfills and  incin-
eration on many counts. Gasification  es-
sentially means combustion in a controlled 
atmosphere in  near absence of oxygen. 
It facilitates conversion of  organic  com-
ponents into  a mixture of  several gases, 
mainly comprising of  hydrogen and car-
bon monoxide,  instead of their   burning 
out.  The gas so produced is commonly 
known as Syngas  which  can then be 
burnt to produce  energy  or  processed   
further to yield  ethanol and  diesel.   Gasi-
fication  is carried out at  1,000 – 1,600 
degree Celsius  and is a fairly satisfactory  
way  for  disposal of garage.  It  is adapt-
able for  seggregated  waste containing  
larger proportion of  organic materials  

and  plastics and  no incombustibles and  
metals. Wastes with  higher organic con-
tent  yield  more Syngas and in turn can 
generate  more electricity. 

Plasma Gasification Can Accept 
All Types of Waste : Energy 
and Construction Material are 
ByProducts   
The real improvement in gasification has 
come with  introduction of plasma tech-
nology into the process.  Plasma in  simple 
language means a field of  intense radi-
ant energy. This could be created  by pas-
sage of  high voltage current between two 
electrodes  when plasma arcs like lightning 
are produced. The temperature in  plasma 
gasification chambers  may go upto  ten 
thousand  degree Celsius. The  process is 
thus capable of disintegrating almost all 
types of waste  materials with exception 
of   nuclear waste.  It   converts organics 
to Syngas and inorganics to Slag. Syngas  
produced is cleaner than in conventional 
gasification process  and  could be used 
for  power generation after filtering and 
scrubbing.  Slag, the black  glassy  liquid  
byproduct could be used as a construc-
tion material  and   be made into concrete, 
bricks, paving stones or insulating rock-
wool.  These products  are unleachable 
and thus there is no fear of their adding to 
pollution of any kind during use.    

Typically the process involves   size  
reduction of waste  in a shredder and  
feeding them  into a  Plasma Chamber.  
It consists of a stainless steel vessel lined 
with refractory  or water cooled panels to 
withstand  high temperature operation. 
The inside  is filled with ordinary air or  an 
inert gas like argon or nitrogen. Electrodes  
are fitted in the walls of the    chamber at 
different levels.  High voltage   current is 

passed thru  electrodes  to  create  plasma. 
The  shredded  waste passing thru the field  
are  reduced to their component elements  
at  the high temperature. It produces  Syn-
gas  which  is collected    at about  1200 
degree Celsius at  the outlet at the upper 
part of the chamber. The inorganics  melt 
down, get  vitrified and convert into a liq-
uid glassy substance called  “slag”  and it  
pours out thru  slag drain at the bottom 
of the chamber. Plasma  Gasification Plant. 
consumes about 2/3 of energy produced 
by Syngas  fired Power Plant, one third of 
power generated being still available for  
community use.

Plasma Gasification : The Way 
Ahead
Plasma Gasification  is a huge  advance-
ment  over conventional  gasification and  
brings with  it the versatility  to process   
all kinds of  garbage including hazardous 
hospital waste in the cities in one go.  Sus-
picion  raised  regarding formation of  di-
oxin  at high temperature  and  presence 
of metals in syngas  is overcome  by  pre-
treatment of  waste inputs  for removing 
chlorine   and  effective  filtering and scrub-
bing  of gas before it goes  for combustion  
for power generation. The The  operating 
plants in  Japan, Taiwan, Canada, Eng-
land and United States and in some other 
countries have been functioning satisfac-
torily over a period of time and  a number 
of  technology suppliers and EPC contrac-
tors are available for project execution.  In 
view of  huge piles of accumulated ageing  
wastes,   increasing garbage outputs  and  
current   waste management  practices 
in metros and  big cities, urban planners, 
environmentalists and  technologists must 
come together and  find  innovative ways 
to execute such projects  to  make the cit-
ies clean, hygienic and  safe for  the com-
munities to live in.  Gasification  must be 
seen as a sustainable solution to climate 
and community health and   the byprod-
ucts be deemed  as bonus helping in re-
ducing cost  of waste management. 
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iPPs  since liberalisation of the sector in 1991-92. 
he  writes regular columns  and contributes to 
national and international  business magazines on 
subjects of  power and  infrastructure. he could 
be reached at  pkpatnaik1@yahoo.co.in. mr. P. K. 
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PlASmA GASificATioN  iS A 
huGE  AdvANcEmENT  ovER 
coNvENTioNAl  GASificATioN 
ANd  bRiNGS WiTh  iT ThE 
vERSATiliTY  To PRocESS   All 
kiNdS of  GARbAGE iNcludiNG 
hAzARdouS hoSPiTAl WASTE 
iN ThE ciTiES iN oNE Go


