Case Study 59 Anaer obic Digestion of Food Waste

TECHMICAL APPROACHES

o .

e [y -'\-F s
y ey 5 S b ==
4 ™) g i

{ e N *}’-

v I
e

Objective: Recovery of energy from food waste and solve landfill
resource problem

Location: Anyang City, Kyunggido, Republic of Korea
Website: http://www.caddet-ee.org/infostore/detail s.php? d=3234

Description:

Oneof themgjor goalsof the Korealngtitute of Energy Research (KIER) isto develop and apply
new technologiesfor therecovery of energy from variouswastesincluding municipal solid wastes
(MSW). The project dealing with the production of biogas and compost from large quantities of
K orean food wastesisaco-operative effort between KIER, the KoreaMinistry of Trade, Industry,
Energy, and HallaEngineering and Heavy Industries, Ltd.

Theproject wasfirg initiated to resol ve the problem of food waste management in Korea. Problems
of Korean food waste are caused first of al by itsever increasing volume and by itshigh moisture
and salt content. Highly urbanised and popul ated townsin Korea do not have enough spacefor
landfill and the high moisture and salt content of food waste hinders effective recycling for compost
production or incineration for energy recovery.

The anaerobic process plant of this project, located at the Anyang City incinerator Site, produces
biogas and humusfrom the treatment of 5 tonnes/day M SW contai ning approximately 3 tonnes of
food waste.

Themgor achievements of thisproject are;

1) devel opment of atwo-phase anaerobic process optimised for Korean food waste trestment and
biogas (energy) recovery;

2) development of asorting pre-trestment process suitable for Korean MSW collection systems;
3) demongtration of thefeasibility of Korean food waste trestment as one component of an integrated
waste management system including landfill and incineration.

In case of the 15 tonnes/day food waste treatment capacity, the operational cost of the plant was
estimated to be $25/tonne of food waste. Treatment and the construction costswere estimated to
be $435/tonne of MSW in Korea. However, no morelandfill stesare availablefor the disposal of
food wastein K orea because of environmental impacts such asleachate and bad odour etc.

The processwas verified to be suitable for energy recovery from pre-sorted food wastein Korea.
A plant sorting 15 tonnes/day of pre-sorted food waste using this processisunder constructionin
Euiwang City for initid start-upinMarch 1997.
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Case Study 60 Anaer obic Digestion of Industrial WasteWater

TECHMICAL APPROACHES
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Objective: Production of eectricity and heat fromindustrial waste
water

L ocation: Wezep, The Netherlands

Website:  http://ww.caddet-re.org/infostore/detail s.php?d=3198

Description:

TheVitaCompany of Wezep in The Netherlands, produces vacuum-packed peel ed potatoes. The
process generates about 700 m¥/day of wastewater, which hasto be cleaned prior to being discharged
intothesewer.

Thewater trestment unit incorporates an anaerobic digestion stage, which produces biogaswhich
wasprevioudy burned off. In thisproject, anew biogas-fired three-passfire-tube steam boiler has
been ingtalled next to an existing natural gasfired boiler. The steam generated by thisnew boiler is
fed to the existing steam grid. 325, 000 m? of natura gasissaved every year and it isexpected that
the project will have recouped costswithin 2.7 years.

Another project in the Netherlands has demonstrated substantial savingsin operations costs by
using biogas produced by afermentation process. In this process, the sewage water istreated in
three stages. In stage onewastewater isled into asettling tank where particlesare allowed to settle
and the sediment, called primary dudge, isremoved.

Inthe second stage, micro organismsdigest organic componentsin an aerobic process, converting
them to carbon dioxide, water and solids. The processtakes place in an agration basin through
which outsideair isblown. Inthethird stage, solid organic compounds are collected in asecond
ettling tank. Collected sediment ismixed with the primary dudge and the mixtureisheated in ahest
exchanger to atemperature of 32.5°C and allowed to ferment in afermentation tank. Gaseous
fermentation products (containing methane) are collected and used in the gas engines driving the
aeration blowers. Natural gas can be added to thefuel in case of ashortage; and surplus bio-gas
isblown off.
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Case Study 61 Fuel Cell Combined Heat and Power UsiNg| c qnomic APPROACHES
Biogasfrom Brewery Effluent
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Objective: Production of dectricity and heat from industrial waste water
Location: Chiba, Japan
Website:  http://www.caddet-re.org/newsd etter/display.php?d=1757

Description:

The Chibabrewery in Japan hasrecently changed their waste treatment practice from an aerobic
activated sludge processto an anaerobic pre-treatment process that simultaneously reducesthe
power required to treat the waste and al so produces biogas. The company, Sapporo Breweries,
decided to install afuel cell combined heat and power system that can use 80% of the energy
content of the biogas, rather than burning the biogasin steam bailers.

High concentration organic effluent from the brewery is pre-treated in an acid fermentation tank,
neutralised and fed into an anaerobic digestor which produces methane. Impuritiessuch assulfides
can be harmful to the operation of fuel cellsand these areremoved from the biogasin agaspre-
trestment system. Thispre-trestment processa so absorbs carbon dioxidefrom the biogasimproving
thequality of thegas.

The system generates 1728 MWh/year of electrical energy and 1768MWh/year of thermal energy
for usein theplant. Theamount of power purchased from the grid for each bottle of beer hasbeen
reduced to onethird and the energy savingsareworth about 30 millionY ayear.
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Case Study 62 Useof Land Fill Gasin Brick Kilns

ECONOMIC APPROACHES
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Objective: Production of hest for brick making from landfill gas
Location: Barndey, United Kingdom

Website:  http://www.caddet-re.org/html/technical .htm
http://Aww.caddet-re.org/brochures/display.php?d=1883
Description:

Thekilnsat the brickworksarefired using land fill gasfrom alandfill site Situated adjacent to the
clay quarries. Thereisan ongoing processof clay extraction and filling with refuse, and land fill gas
isextracted by wellsasthe gas quality becomes useable.

Thelandfill gasisused in the medium temperature parts of the brickworkskiln at 870-960°C, and
natural gasisused for higher temperature processing (up to 1050°C). All of the burnerscan be
switched from onetype of gasto the other with nointerruptionto theflame.

Landfill gashasbeen used by the brickworksfor morethan 12 years and the system has performed
reliably, with little need for changing the gas supply to any particular burner. Gas pre-treatment
consistisof asmple moistureremova and filtration step. Thekilnsoperate 24 hoursaday, and land
fill gas meets 20-30% of the gasrequirements. Very little servicing has been required, and there
have been no problemswith contaminants or condensation.

By theend of 1995, use of land fill gashad saved the plant £1,330,000, from aninitia investment of
about £330,000. The payback period was longer than expected, as the land fill gas flow was
smaller than expected, however thereturn oninvestment wasachievedin 3years.
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TECHMICAL APPROACHES

Case Study 63 Anaer obic Digestion of Municipal WasteWater
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Objective: Production of eectricity and heat from municipa waste
water

Location: Perth, Audrdia

Website:  http://mww.watercorporation.com.au/environment/content-wastewater-woodman.asp

Description:

The production of biogas by anaerobic digestion at the Woodman Point waste water treatment
plantinWestern Australiaenables provision of the plant’ s power requirementsfor most of theday.
Ninety-nine per cent of thewaste water arriving at WWoodman Point isfrom household kitchens,
bathrooms, laundries and toilets. First the waste water is screened to remove any large objects
(paper, rags etc) before passing through settling tanksto remove grit (sand etc). Next, thewaste
water spends severa hoursinlarge sedimentation tanksto remove settleable solids, or “ dudge”.
Thedudgeisdigestedin one of two 38-metretall anaerobic digesters.

Biogas produced by the digester isused on-siteto provide e ectricity, and excess power issold to
theloca dectricity retaller, Western Power Corporation. A dudgeisl|eft after thedigestioniscomplete
and the gasisextracted. Thisbio-solid isdried then sold asasoil conditioner and fertilizer to the
agricultural and landscaping industries. A significant future option for thisplant isin providing an
industrid water supply whichisof grest importanceinthearid West Audrdian climate. Fittingly, the
next by-product of WWoodman Point could be water, for industry. Investment of $100 millionina
project based on acommercid partnershipwill amplify the Woodman Point plant to give wastewater
‘secondary trestment’ . Thisfurther refinement producesdischargewater suitablefor re-useinindustry.
Pant amplificationisthecornerstoneof the WaterLink Project, whichwill promotewater efficiencies,
provide achoice of water qualitiesfor industry, and increase the proportion of groundwater and
schemewater suppliesavailablefor the general community. Amplificationwill prepare Woodman
Point for popul ation growth in southern Perth, lifting throughput from today’s 100 millionlitresdaily,
to 160 millionlitres,

At the Subiaco Wastewater Treatment Plant, theworld’ sfirst Oil From Sudge (OFS) Plant has
been developed. The OFS processis a patented thermochemical process called Enersludgein
which the organic content of dudgeisconverted to an oil with propertiessimilar to diesdl oil. Raw
dudge and excess activated sludge are pumped first to the Sludge blending tank where they are
mixed prior to dewatering. After drying, udgeisthen heated in areactor vessel inthe absence of
oxygen. During this process, almost half of the sludge is vaporised. In the second stage of the
reactor, the vaporised dudge contactswith the Sludge char, converting the organic moleculesto
principa components of crude oil, called aliphatic hydrocarbons.

Thisprocesswill produce about 150 to 300 litres of oil per tonne of dudge processed, dong with
char, non-condensable gas and reaction water. Theselatter three areburned in ahot gasgenerator,
which producesmost, if not al, of the energy required for dudge drying and reactor hesating.
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Case Study 64 I ncineration of M SW to Produce Combined
Heat and Power

ECONOMIC APPROACHES
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Objective: Production of local hesting and e ectricity whilemitigating landfill problem
Location: Seoul, Korea
Website:  http://www.caddet.org/infostore/detail s.php? d=2989

Description:

Thereare several plantsin Seoul that provide heat for industrial complexesand domestic units. In
the Mok-Dong area, thereisalarge quantity of waste availablefrom thelocal apartment blocks,
whichisbeing used to producedistrict heating and sell power to the e ectricity retailer. In addition
to saving energy, the project reducesthe volume of wasteto landfill by 87%.

Wasteisddivered by truck to aweighing station, and then deposited into astorage unit. A crane
deliversthe waste into the boiler for incineration. The plant has capacity for 150 tonnes/day of
waste, whilethe boiler can incinerate 15 tonnes/hour. The average heating value of thewasteis
around 1,900 kcal/kg (7,950 kJkg).

The pollution control systemincludesan odour reduction system which involveshigh temperature
dissolution (850-950°C) of refuse drainage. An electrostatic precipitator reduces dust emissions
with 99% efficiency. Harmful emissionsfrom the stack are reduced with awet scrubber fluegas
treatment system. Cons derabl e effort has been madeto minimiseitsenvironmenta effect onthose

living nearby.

The project savesenergy equivaent to 6.56 million Nm? of liquid natural gasevery year, a asaving
of 1.3 billion Korean Won per year. Theinvestment in the plant was 5.1 billion Won.




Case Study 65 Energy From Poultry Litter TECHNICAL APPROACHES
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Objective: Production of dectricity from poultry litter
Location: Suffolk, U.K.
Website:  http:/Aww fibrowatt.com/UK-Eyefindex.html

Description:

Thisistheworld sfirst commercia eectricity generating plant using poultry litter asthefuel. The
12. 7MW plant which started operation in 1992, generates sufficient electricity for 29,000 homes.
The plant consumesover 150,000 tonnes of poultry litter per year.

The plant wasthefirst project over 10MW to come on stream under the UK Government’ sNon-
Fossi| Fuel Obligation, which provides support for renewable eectricity generation, aswell asthe
first Small Generator to join the British Electricity Pool.

After transportation to the plant and storage, thefuel isconveyedinto theboiler viaamechanical
distribution system. Air from the storage hall isdrawn into the furnace by fansand isused asthe
combustion air within the boiler. Heretemperaturesreach in excess of 850°C (1500°F), destroying
any odour and bacteria.

The plant incorporatesasingle, conventiond boiler design with afeed system and grate specificaly
designed to combust poultry litter and other biomassfuels. Theboiler isequipped with acombustion
chamber, asuperhesater, agenerating bank and an economizer.

Boiler combustion air obtained from thefuel storage building is preheated for useasprimary and
secondary air. The preheated primary air isfed under the grate, and preheated secondary air is
injected at strategic locations abovethe grate. The boiler combustion chamber or furnaceis made
up of water-wall tubes.

Theplant wasbuilt under aturn-key contract by Aaborg BoilersA/S, the Danishturn-key contractor
and boiler maker. Theturbinewas provided by NEI-Allen (W.H. Allen of Bedford). Foster Whedler
Energy Ltd acted asOwners Engineer on the project throughout construction and commissioning.
Third party finance was provided viaa European Union grant and a£20 million Project Financed
Senior Debt facility arranged by Bank of Tokyo-Mitsubishi.

The plant was architect-designed to be environmentally attractive. It consist of alow-key steel
structure with a curved roof, partially sunk into the ground and surrounded by |andscaped
embankmentsto reduceitsvisua impact. The height of the building does not exceed typica heights
of parish churchesin the neighbourhood.

Eyeisinthe centre of one of the UK’ slargest poultry growing areas. The plant consumes over
150,000 tonnes of poultry litter per year, enough tofill 25 football pitchesto adepth of 6 feet.
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Case Study 66 Solid Wasteto Ener gy Recycling Facility TECHMICAL APPROACHES
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Objective: Production of electricity, heat and recycled products
frommunicipa solidwaste

Location: Wollongong, Audirdia

Website:  http://wollongong.nsw.gov.auw/news/media/’20010207_openswerf.html

Description:
L ocated at Woollongong City Council’ sWhytes Gully landfill Site, thisnew Solid Waste-to-Energy
Recycling Fecility (SWERF) project includes:
e apre-treatment processto separate recyclable products from the waste stream leaving the
balance asabiomassfeedstock or MGW (Municipal Green Waste)
¢ conversion of theMGW using agasification process, and
e dectricity generation using ahigh efficiency gasengine and generator.

Following the development of asynfuelsgasifier in 1996, the SWERF concept using the gasifier
evolved in 1997 and took 3 yearsto develop, evaluate and commercialise. Thefirst project at
Wollongong was opened in May 2000. Research and devel opment has continued in parallel with
devel oping the project sothe gasifier that was originally installed does not incorporate d| the latest
technical advances. Handling difficulties of the MGW have been experienced dueto itswidely
varying properties. Also thewaste resourceis often significantly contaminated with soil and foreign
objectsnot waysof organic origin.

Household green wasteisreceived unsorted and sterilised at 140-150°C. It isthen mechanically
separated to remove any ferrous and non-ferrous metal material swhich arethen sold. Any other
inert resduesaretaken to landfill or reprocessed and reused wherefeasible. Theremaining organic
fractionisfloated off from theglassand grit contaminantsand shredded. Clean shredded materia is
pelletised and stored ready for gasifying. The pellets are fed into the advance thermal gasifier.
Primary gasification occurs at 900°C and the synthesis gasis used in gas engines (gensets) for
power generation. The*“green power” issoldtothegrid.

Developmentsare under way to convert some of the organic fraction from possiblefuture projects
into “bio-fertiliser” if it showsagreater return oninvestment than if used for power generation.
Future projectswill depend onlandfill charges, greenhouse issues, community issues and other
available competing waste resource recovery processes. Thefinancing of the project wasdifficult
asan innovative process but should be overcomefor future projects now that thefirst facility is
operating successtully.
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Case Study 67 Energy From Gasifier Based Power Plant

ECONOMIC APPROACHES
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Objective: Production of e ectricity fromwood and forest waste
Location: Sunderbans, West Bengd, India.
Website:  http://mnesl.delhi.nic.in/bionews/sep01/index.htm

Description:

A 500 KW gasifier-based power plant was commissioned in theremoteidand of Chhotamol lakhdli
in Sunderbans, West Bengd. On June 29, 2001, Mr M Kannappan, Minister of State (independent
charge) for Non-conventiona Energy Sources, Government of Indiainaugurated the plant.

Prior toitscommissioning, theregion wasbereft of electricity except for aprivately owned 10 KW
diesdl generator that provided low voltage el ectricity at avery high pricefor only two hoursaday.

Thetota power requirement of the Chhotamollakhali idandisabout 1 MW.

Thepower plant, ingtaled by the West Bengal Renewable Energy Devel opment Agency withfinancid
support from the Ministry of Non-conventional Energy Sources, comprises4 biomassgasifiersof
125 KW capacity, each connected to diesel generator sets. The gas produced from the gasifiers
will enable upto 75 per cent diesel replacement. The power plant will be operated daily for seven
hours. 800 connectionswill be provided and three villages are planned to be e ectrified thisyesr.

Work hass multaneoudy been taken up to extend distribution linesfor e ectrification of theremaining
threevillagesontheidand. About 3 million peopleinhabit the deltaregion of Sunderbans, 2 million
of who do not have access to electricity. Power plants based on the non-conventional energy
sources such as solar energy and biomass are already providing electricity to about 50,000
inhabitants.
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TECHMICAL APPROACHES

Case Study 68 Ener gy From Recycling of Waste Plastic
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Objective: Production of electricity from recycled waste plastic

Location: Hokkaido Idland, Japan

Website:  http://www.japancorp.net/Article Asp?Art_1D=1047
http:/Aww.sanix.cojp/index_ehtm

Description:

Sanix Energy will operate the Tomakomai power plant in Hokkaido, northern Japan, which runson
fuel created from recycled plastic waste. The plant processes waste plastic to generate el ectricity
using agasfication melting technol ogy.

The plant operates at more than 850 degrees Celsius, generating energy from the naturally high
caorific content of plastic and producing 74,000 kilowatts of e ectricity an hour, enough to power
about 30,000 homes. Building on the success of thefirst venture, the company hasplansto increase
the number of Similar power generation plants across Japan.

Therecycled plasticissupplied by Sanix’ sEnvironmental Resources Development Division, which
operates 11 plastic recycling plantsacross Japan that convert waste plasticsinto fuel. Thedivision
iscurrently constructing three morerecycling plants.

Socia Vaueof Waste Plastic Power Generation

According to aPlastic Waste Management Institute survey, waste plastic disposal totaled 9.84
million tons (4.85 million tonsfrom industrial sources, 4.99 million tonsfrom household use) in
1998. Management at Sanix Inc. was convinced that this plastic waste could be used asarecycled
resource and pursued the project fervently.

By using waste plastic, whichwould previoudy have been smply buried or incinerated, the company
contributesto an extension of theremaining lifeof landfill Stesand preventsdioxin pollution generated
by inappropriate incineration. Therecycling process a so contributesto society by providing local
retailerswith low-cost, safe, electric power.

The plant will consumein-house about 15% of the el ectricity generated by the new power plant and
therest will be soldtoindustrial and commercial users. Thiswill betheworld' sfirst power plant
using recycled waste plagtic asfudl. Company plansto build two moresimilar plantsby year 2003.
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Case Study 69 Solid Waste M anagement TECHNICAL APPROACHES
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Objective: Solve community and environmental problems
associated with M SW management
L ocation: Bandung, Indonesia

Reference: http:/mww3.icle.org/iclei/casestud.htm

Description:

Inresponse to agrowing population, and therefore agrowing amount of solid wastewhichit did not
havethefinancial or land resourcesto manage, Bandung, Indonesiahas devel oped, along with a
non-governmental organization workingin the city, the concept of a“module” of peoplewho work
to separate recyclablesfrom the city’ swaste stream, thereby providing alow-cost dternativeto the
landfill model of waste management services.

Therecyclersworkingin themoduleare personswho previoudy survived as” scavengers,” that is,
poor residents of the squatter’ s settlementswho maketheir living by collecting recoverable and
recyclable materia sfrom the waste stream. Historically, in Bandung and in citieswith large poor
populationsthroughout both the devel oping and the devel oped world, scavengersare considered
to beahindranceto the operation of efficient solid waste management rather than asan inexpensive
and often entrepreneurial labor resourcethat can be supported and devel oped to collect and process
recoverable maerias. These people have beentraditiondly harassed and evenjailed for ther activities.

Through the Integrated Resource Recovery (IRR) program, these people have been givenfinancia
and technical support toimprovetheir recoverablewaste collection services, to compost organic
wastes, and to createindigenous bus nesses and employment using waste productsasraw material
and“capita.”.

Findly, thelRR program buildsfinancia ingtitutionswhich provideafinancia baseinternd tothe
community, providing capital for other, non-recycling enterprises. IRR aso hasasignificant impact
onsatting fair pricesfor the secondary materia sfromwhich the scavengersmakether living, thereby
supporting afair living wage for these people who were heretofore considered an economic liability.

IntheRR concept, each module consists of agroup of families. Thesefamiliesare given social
system support in the form of evening schooling for children, health care, and assistancein the
development of a savings and loan and a cooperative corporation. With this organizational
infrastructure, these peoplethen form bus nessesin resource recovery, composting, and seed farming
which not only provide them with income, but reduce the amount of money which the city must
spend on solid waste management intheform of landfill sitesand the collection and transportation
of waste.
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Case Study 70 Participatory Solid Waste M anagement TECHNICAL APPROACHES
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Objective: To create an efficient and sustainable household
waste management system
L ocation: Dakar, Senegdl.

Reference: http:/mwwa3.icle.org/iclei/casestud.htm

Description:

The Urban Community of Dakar (UCD) hasapopulation of just under 2 million people. Only 27%
of the households are connected to the sewer system, and until recently, less than 65% of the
population had access to garbage collection services. To address both economic and social
development, the UCD designed the New System for Household Waste, which involveslocal
communitiesin thewaste management process, and has provided an administrativeand fiscal system
for the oversight of MSW services. Small and medium sized companiesthat are staffed by loca
men women and young peopl e contract to collect and transport waste from zonesin the UCD.

Loca groupsareresponsblefor pre-collecting garbage frominaccessblearess, cleaning thestreets,
communicating information about the service and educating their communitiesin the benefits of
sanitation.

By 1996 this project had demonstrated promising improvements in waste management and
community employment. The New Management System for Household Solid Waste has promoted
the emergence of local waste management industries and been of valueto the Dakar economy.

The scheme has a so benefited from international support. With an efficient and stable waste
management system in place, the UCD is currently approaching theintroduction of arecycling
component, aswell asanew agreement to compost organic waste and extract and use methane
gas.
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