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SUMMARY

This report provides a summary of the current status of Anaerobic Digestion
Technology for Treatment of Municipd Solid Waste (MSW). A review of sysems in
operation worldwide has been made, looking a dl sSzes of sysems and types of
process design.

The information was collected by RISE-AT in order to understand the current level of
anaerobic digestion technology, s0 that an assessment could be made of te suitability
of applying the treatment technology to a smdl scae low cost gpplication in
Thailand.

The report provides information on the current systems in operation and gives detals
of example processes, where sufficient information was available. The examples are
divided into large scde sysems, (with a capacity of 2,000 tonnes'yr or more) and
amall scale systems, (with a capacity of less than 2,000 tonnesyr).

From the information collected it is clear that anaerobic digestion systems for
digesting MSW are now widdy used throughout the world. The mgority of plants
operate on a large scde, and involve complex plant design. Much of the technology is
based in Europe, with Germany and Denmark leading the fidd in technology and in
the number of successful plantsin operation.

To increase the rate of digestion and biogas production multi-stage processes are often
used. These glit the stages of anaerobic digestion, causng them to occur in in
Sseparate reactors.  The environment in each reactor can then be optimised for the
paticular digestion stage and so increase the reection rate and amount of gas
produced. Other systems use the thermophilic temperature range to increase the gas
production rate.

Mog of the larger scae, indudtrid systems process MSW aone, however the smpler,

gndler scde systems are more successful when co-digesion with anima manure is
used.
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1.0 INTRODUCTION

This report summarises the information collected by RISE-AT on the current status of
Anaerobic Digestion Technology for Treatment of Municipd Solid Wagte (MSW). A
review of systems in operation worldwide was made, looking a dl dzes of sysems
and types of process design.

The review was made in order to understand the current level of anaerobic digestion
technology worldwide, so that an assessment could be made of the suitability of
applying the treetment technology to asmal scale, low cost gpplication in Thailand.

RISE-AT has received severa requests for information on suitable smal scae MSW
treetment systems that could be operated a Tambon leve, serving communities of
around 8,000 people, processng approximately 2 tonnes of organic waste per day.
Aneerobic Treatment is one of the technologies being consdered to provide a solution
to the trestment of organic waste and to produce a useful fue product (biogas).

20 METHODSUSED

An invedigation was caried out to collect information on the technologies that
currently exist to anaerobicaly treat municipa solid waste throughout the world. Al
systems were investigated, from large scae indudria systems to small scale processes
and current research projects.

21 I nformation Sources

The following sources were used to obtain information for the study:

-  RISE-AT library

- RISE-AT contacts directory

- Internet search / web-gtelinks

- Faculty of Environmenta Engineering, Chiang Ma Universty (CMU)
- Biogas Advisory Unit, (CMU)

The contacts and websites that were found to be the most useful for the study are
lisedin Table 1.
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Table 1:- Ligt of Contacts for Information on MSW Treatment

Who

Address

Infor mation Received

Univer sities/Resear ch
Establishments

University of Wales, Cardiff,
Energy Research Group, UK

Brunel University,

Environmental Engineering, UK

Tata Energy research institute,
India

www.cf.ac.uk/uwcc/engin/research/ene
ray

www.brunel.ac.uk/research
environmnet@brunel.ac.uk
gary.taylor@brunel.ac.uk

www.teriin.org
rgjikv@teri.resin

Received general info on
AD from Tony Guarzys

Received info on AD from
Gary Taylor

Provided information on AD
and on research being
carried out in India

Appropriate Technology
Organisations

Intermediate Technology
Development Group
SANDEC - Department for
water and sanitation in
Developing Countries
(Switzerland)

www.oneworld.org/itdg
itdg@itdg.org.uk
www.eawag.ch/dept/san
Zurbrugg@eawagg.ch

Website contains useful info
and links

Christian Zurbrugg -
Progranne Officer for Solid
Waste Management -
provided some useful
reference material, but is not
aware of any small scale
systems in operation.

Other Organisations

World Resource Foundation

ERIN

International Energy Agency

LIOR

GREENTIE Greenhouse gas
Technology Information
Exchange

Centre for Renewable Energy
and sustainable Technology

Energy Efficiency and
Renewable Energy Network

CADDET - Centrefor the
Analysis and Dissemination of
Demonstrated Energy
Technologies

wrf@wrf.org.uk

www.erin.gov.au/portfolio/esd/climate
[methane

www.iea.org
www.fri.cri.nz/ieabioenergy/home
plusk @pipeline.com

www.lior.be
info@lior.be

www.greentie.org

www.sol stice.crest.org/common/cresti
nfo

www.eia.doe.gov/cneaf/sol ar.renewabl
es/renewable.energy.annual/contents.ht
m

www.caddet-re.orq
nick.hall-stride@aeat.co.uk

Useful website and "Warmer
Bulletin' Journal

Online handbook - M ethane
Capture and Use, Waste
Management Handbook.
Contains some useful info.
Infoon IEA AD Tasks

IEA Bioenergy Programme,
AD Activity Leader - P.Lusk
also provided some useful
data.

Biogas CD ROM produced
by Prof EJJNyns& Ir. S.
Thomas - which containsa
summary of AD of MSW
technology.

Useful links to bioenergy
sites

Searchabl e database with
AD references

Useful Linksand Online
Renewable Energy Annual
1996

Online detailsof AD
systems operating
worldwide.
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20 SUMMARY OF INFORMATION COLLECTED

3.1  Anaerobic Digestion Process — Background I nformation

Anaerobic digestion occurs naurdly wherever high concentrations of wet organic
metter accumulate in the absence of dissolved oxygen. Anaerobic microorganisms
diges the organic maerid producing carbon dioxide and methane that can be
collected and used as a fud (biogas). The stabilised solid residue, which averages 40
- 60% by weight of the feedstock, (ref 11), can be used as soil conditioner materid.

Anaerobic digester systems, (dso cdled fermentation, gesfication or methanization),
use closed reactors to control the anaerobic process and to collect al of the biogas fue
produced. The yield of biogas depends on the compostion of the waste feedstock and
the conditions within the reactor. For example, the rate of anaerobic digestion can be
increased by operating in certain temperature ranges. The modern anaerobic digestion
trestment processes are engineered to control the reaction conditions to optimise
digestion rate and fuel production.

A summay of the key parameters that control the digestion process is given in
Appendix 2, dong with more detailled information on the microbiologicd steps of
anaerobic digestion.

Anima manure has been successfully used as a feedstock for many years, however
the organic fraction of msw has a different composition and experience of anaerobic
digestion of msw aone, is more recent and less extensive.

The IEA has produced a very ussful report that provides information on Anaerobic
Digestion for MSW and summarizes current markets and sysems. The information is
on large-scale systems only. Due to the large amount of applicable information
contained in the report, it isincluded in Appendix 1initsentirety. (Appendix 1 —
Systems and Market Overview of Anaerobic Digestion 1997).

3.2  System Classifications

A wide variety of systems have been developed to anaerobicdly treat MSW. They
can be split into avariety of categories such as -

1) Wetor Dry:

Wet — The msw feedstock is durried with a large amount of water to provide a dilute
feedstock of 10-15% dry solids.

Dry — The feedstock used has adry solids content of 20 — 40%.

2) Batch or Continuous:

Batch — The reactor vessd is loaded with raw feedstock and inoculated with digestate
from another reactor. It is then seded and left until thorough degradaion has
occurred. The digester is then emptied and a new batch of organic mixture is added.
Continuous — The reactor vessH is fed continuoudy with digesate materid, fully
degraded materid is continuoudy removed from the bottom of the reactor.

3) Single Step/Multi-Step

Single Step — All digestion occursin one reactor vessd.

Multi-Step — Process consists of severa reactors, often the organic acid forming stage
of the anaerobic digestion process (acetogeness) is separated from the methane
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forming dage (methanogeness). This results in increesed efficency as the two
microorganisms are separate in terms of nutrient needs, growth capacity and ability to
cope with environmentd dress.  Some multisage systems dso use a preiminary
aerobic  dtage to raise the temperature and increase the degradation of the organic
materid. In other systems the reactors are separated into a mesophilic stage and a
thermophilic stage.

4) Co-digestion with animal manure/ Digestion of msw alone

Co-digestion with animal manure — The organic fraction of the msw is mixed with
animd manure and the two fractions are co-digested. This improves the
carbon/nitrogen ratio and improves gas production.

Digestion of msw alone — The feedstock contains the organic faction of msw aone,
durried with liquid, no other materias are added.

Based on the information provided in the IEA report in Appendix 1, the current
leading industrial concepts are-

Dry Continuous Digestion: Continuoudy fed vessd with dry digestate matte
content of 20-40%. Minima water addition makes the overdl heet bdance very
favorable for operation at thermophilic temperatures.

Dry Batch Digestion: Batch sysem fed with dry digestate matter content 20-
40%. During digestion, when the reactor is sedled, leachate collected from the
base of the reactor is recirculated to maintain a uniform moisture content and to
redigribute soluble substrates and bacteria A disadvantage of this system is that
increased pretreatment is required to provide a suitable refined digestate materid.

Leach-Bed Process. Smilar to dry Baich digestion, however, leachate from the
base of the reactor is exchanged between established and new batches to improve
dartup , inoculation and removad of volatile acids in the reactor. This is dso
cdled Sequentid Batch Anaerobic Compogting (SEBAC). After a while, when
methanogeness is established, the leachate flow is uncoupled and connected to a
new batch.

Wet Continuous Single-Step Digestion: MSW feedstock is durried with a large
amount of water (10% solids). The system leads itsdf to co-digestion of MSW
with more dilute feedstocks such as sewage dudge or anima manure.  Effective
remova of glass and stones is required to prevent rgpid accumulation of these in
the bottom of the reactor. The digestate requires pressing to recover liquid, (which
can be recycdled to mix with incoming wagte), to produce a solid digestate for

disposal.
Wet Continuous Multi-Step Digestion: MSW feedstock is durried with water or

recycled liquid (10% solids content) and fed to a series of reactors where
acetogenesis occurs in a separate reactor to methanogeness.
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3.3

Examples of Existing Treatment Processes

Many MSW anagrobic trestment plants are in operaion throughout the world.
Appendix 1, pl6 gives a list of 118 plants ether operating or under congtruction, with
a capacity for processng 2500 tonnes'year or more. This list provides full details of
where the plants are dtuated and which company supplied the AD sysem. Many of
the plants are Stuated in Europe, with the mgority of the companies who design and

congtruct the plants being European.
To summarize, the breskdown of facility by country is shown in Table 2 below.

It is

clear that Germany and Denmark lead the world in tie number of plants operating by
aggnificant margin.

Table 2: Breakdown by Country of AD Plants with capacity of 2,500 tonnes/yr or

larger

Country

No. of Plantsin
Operation

No. of Plants
under
Construction

Audria

=
o

Bdgium

China

Denmark

Finland

France

Germany

India

Italy

Japan

Netherlands

Poland

Spain

Sweden

Switzerland

Thailand

UK

Ukraine

USA

F|r|o|o|o|~|o|o|r|o|a|o|Blr |+ |R|o|+

N|O|FR[(FRP[FPIN|RP|FPO[FRIN|AO(O(O|F|LIN|O

Data Source — Appendix 1

There are many companies involved in te design and congtruction of AD systems for
processng MSW. The data is Table 3 shows the companies involved in providing

AD sysems and the number of plants in operation, or under construction.
givesthe naiondity of the company.

(1t should be noted that thisinformation is correct as of 1997).
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Table 3: Companies supplying AD Plants with capacity of 2,500 tonnes/yr or larger

Company & Nationality No. of Plantsin No. of Plants under
Operation Congtruction

Arge Biogas, (Audrian) 2

Entech, (Austrian) 7

Kompogas, (Swiss) 10

OWS-Dranco, (Belgian)

BTA, (German)

Seinmuller Vaorga, Sarl (French)

Ecotec, (Finish)

C.G.Jensen, (Danish)

BWSC, (Danish)

NNR, (Danish)

Kruger, (Danish)

Bioscan, (Danish)

Prikom/HKV, (Danish)

Yy, (Danish)

CITEC, (Finish)

Linde— KCA, (German)

Schwarting UHDE, (German)

ANM, (German)

Haase Energietechnik (German)

DSD Gas und Tankanlagenbau (German)

IMK BEG Bioenergie (German)

Bioplan (Danish)

TBW (German)

BRV Technologie Systeme (German)

D.U.T. (German)

Paques Solid Waste Systems (Dutch)

Unisyn Biowaste Technology (USA)

Duke Engineering (USA)

WM C Resource Recovery (UK)

R.OM. (Swiss)

Purac (Swedish)

SWECO/VBB (Swedish)

NSR (Swedish)

BKS Nordic (Swedish)

Projektror (Swedish)

Biocal/Heidemi] Redlistie (Dutch)

lonics Itaba (Itdian)

Kiklos (Itdlian)

P (Itdian)

S EENEEEE R EEE RN E EEINEE E EEE N E N IR E LN NS
o|lo|o|o|o|o|o|o|r|o|r|r|Nv|o|r|o|o|lo|o|r|o|r|o|o|o|r|olo|r|dv|o|o|o|N| A ofr|lo|ao

RPA (Itdian)

Data Source — Appendix 1
(The companies highlighted in Table 3 are described in more detail in section 3.3.1).

Examples of some of the mgor systems in operation are given below. Examples were

sected only on the bass that sufficent information was collected during the study to
accurately describe the process. Therefore the range of processes described are
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intended to give an idea of the range of process designs currently in operation and are
not afull review of dl possble desgns.

3.3.1 Large Scalelndustrial Processes (2,000 tonnes/year or more)

i) EcoTechnology JVV Oy System — Finland/Germany (Ref 6)
(Wet Continuous Single Stage System)

EcoTec have had a bio-waste facility operating in Bottrop, Germany since 1995, that
processes 6,500 tonnes/yr. EcoTec has several other projects under construction
around the world, from a 30,000 tonnes'yr plant in Berlin, Germany, to a 17,000
tonnes/yr plant in Shilou, China There is dso a plan to build a 14,000 tonneslyr plant
in Bangkok.

Source separated waste is ddivered to the plant and passes through a primary crushing
dage and a magnetic separator before entering a drum screen. Here combudtible
materids , or Refuse Derived Fud (RDF), is separated from the waste and is
conveyed to a fluidized bed boiler. The remaning organic materia is conveyed to the
Feed Preparation Tank, where it is mixed with process water to a tota solids content
of 15%. Solid impurities are removed and the feedstock is then pumped into the
anaerobic digestion reactor.

The system operates with two or more pardle process lines. Digestion occurs at
35°C and the retention time of the materia is 15 to 20 days. (The process can be
goplied to operation in the thermophilic range at 55°C.) The size of one reactor can be
up to 5000nT. The resctor mass is mixed by a circulaing hio-gas sysem. The
digested durry is pasteurized a 70°C for 30 mins, to make it safe for spreading on
agricultura land.

Organic Waste
Gas
Primary Sorage —»
Crushing
+ Biogas
Metallic Single
Separation P Stage
+ Reactor
Drum | RFD Materia Temp = 35C
Screen TP»to Fluidised RT = 15-20Day:
+ Bed Boiler
Feed Biogas bubbled
Preparation |  through —
Tank | Pump reactor to mix | Hygenisationtank
feedstock 70C for 30 mins

v "

Inert Materials

Buffer Liquid
Storage Fertilizer
Process
Water L_> De-watered} . Solid
L Humus
Waste
Water
Figure3.3.1-1 Ecotec JVV Oy System
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i) BTA/Carl Bro, Helsingor, Denmark (Ref 7)
(Wet Continuous M ulti-Stage System)

The BTA multi-stage plant in Helsingor, Denmark was opened in 1993 and processes
only source separated household waste. It has a capacity of 20,000 tonneslyr. BTA
has ten other plants in operation in Audria and Germany, these are dl one-stage
systems.

At the Helsingor plant, source separated waste is delivered to a pit a the plant. It is
trangported from the pit to a bag opener and then is conveyed to a hydropulper where
the wadte is pulped and plastics and inert materials are removed. The pulped biomass
is then pre-treated at 70°C for an hour to sanitise it and sodium hydroxide is added to
ad the decomposgtion rae in the following sages. The materid is separated into a
light liquid and a durry fraction. The liquid is pumped into the digestion resctor and
the durry goes to hydrolyss tanks, where it is converted into organic acids. The
liquid portion from the hydrolysis is then pumped to the digestion tank.

The plant produces approximately 3 million ni of biogas per year, which is used in a
combined heat and power station positioned adjoining the site.

The plant is equipped with a heat exchanger s0 that heat produced in the digestion
process can be used to heat the waste in the pre-trestment stage.

Source Separated , [Receiving
Organic Waste » | pit

v
Bag Engineand Gasfired
Opener Generator Boiler
v t T
PI?nSt;ftSS & <4— Hydro-pulper
aste pul per and .
plastics/inerts Biogae
removed

l Light
liquid

Prs\;;;?esanietirlte;rat “ fraction Bioreactor
___» Separator
70Cfor Lhr & p —’

NaOH added to increase + L —p» Liquid Manure
degradation rate
0 —» Solid Manure
Hydrolysis ’
] Liquid
+ Fraction

Fibrous Fraction

Figure3.3.1-2 BTA/Carl Bro (Multi-Stage) System
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iii) TBW Biocomp Process, Thronhofen, near Regensburg, Germany
(Wet Continuous M ulti-Stage System)

The plant in Regensburg has been operating since 1996, with a capacity of 13,000
tonneslyr. Source separated organic waste is processed at the plant.

The Biocomp method uses a combination of compodation and fermentation, (i.e.
aerobic and anaerobic decomposition). Source separated organic waste is used with
liquid wagte from the agro industry. The waste is fed to a rotary screen which acts as
a deve, sparating the rough, course maerid from the fine organic fraction. The
rough fraction goes to compodation, the finer portion to the anaerobic digestion
process. Following separation both fractions are separated by hand to remove foreign,
non-organic materids. They are aso run through a magnetic separator to remove any
iron containing particles.  The compost materid is conveyed to pits where it is piled
up and left for 6 weeks, during which it isturned over once.

The fine organic fraction is fed to a pulper, where it is mixed with liquid separated
from the digested dudge, to give a totd solids content of 10%. Small, uncompostible
objects are removed from the hottom duice of the pulper, the mixture then passes to a
feedtank.

Severd times a day batches of materid are pumped from the feedtank into the first
stage reactor, where a temp. of 35°C is maintained. Propellor type agitation is used.
It takes about 2 weeks for the durry to pass through the first reactor from top to
bottom. The active dudge is removed from the bottom drain and fed to the second
reactor, entering at the bottom. The second reactor operates in the thermophilic range,
a temp of 55°C being maintained. It aso takes 2 weeks for the durry to pass through
the reactor, from the bottom to the top. At the end of 2 weeks approx 60% of the
origind organic content will be converted to biogas. Reactors are equipped with
flexible gas collecting membranes a the top, which serve as interim gas dorage
spaces.

Mix
Coarse Fraction together
; Rotar . .
Organic Waste—p| Screer): - to composting > to form Soil
Magnetic Engine and
Sepa;an on Generator
Sorting De-watered B
Bioges T
Procese P Pulper ; P Feed Tank|
Water N Reactor 1 Reactor 2
N Temp = Temp =
L} Feed Tank 35C 55C
—>
Figure 3.3.1-3 TBW Biocomp Process

The physical separation of the two phases leads to an increase in gas production. 25%
of the energy produced from the biogas is used to heat the reactors and the plant
buildings.
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The digestate is passed to a process where it is press de-watered, the water being re-
fed to the input to be mixed with the incoming, fine fraction of organic materid .Any
aurplus water is purified in specidly designed purification ponds. The solid part of
the dudge is mixed with matured compost to form the fina soil conditioning product.

The thermophilic phase of digestion acts as a decontamination process to remove
disease causing agents. During aerobic composting, temperatures of 75°C are reached
over aperiod of 4 weeks, this has a smilar decontaminating effect.

The digesive environment is dosdy monitored and highly active digestive durry is
added to the process if modification of the mixture content is required.

Electricity and heat are generated usng a water cooled, diesd type aspirating engine,
an induction generator and an exhaust heat exchanger. Each of biogas produces
1.5kWg and 3kWinem.

i) Organic Waste Systems — DRANCO Process, Brecht, Belgium

(Dry Continuous Single Stage System)
Organic Waste Systems developed the DRANCO process of anaerobic digestion and
there are now 4 full scale plants operating in Europe, with capacities from 11,000 to
35,000 tonneslyear.  They dso have a pilot plant in Ghent, Belgium, tresting 700
tonneslyr.  This was built as a technology demonsrator and the process is not
economic when operated at such alow capacity.
The plant a Brecht in Northern Belgium has a capacity of 12,000 tonneslyr and is a
dry process.
The process receives source separated organic waste that is manudly sorted and
shredded, prior to passing through a screen to separate the large particles. A magnetic
separator removes metdlic paticles and the feedstock is then mixed with water,
recycled from the process. The feedstock is pumped into the top of the reactor that
has a capacity of 808nT.

Source Separated 'y Manual N
Organic Waste Sorting Engineand Electricity
+ . ' Generator | S >
Biogas .
Shredding :
:Hea
v % v
Sereen | 00 | H——L— . Steam
* Generator
Nagnetic Bioreactor
Separation
o Aerobic
> Mixin
l I+ unit J T Maturation
Dosing Unit L
Mix with recycled water | ' Mixer & < *
PUmp Polémer Press Humotex
T Water
Pre-treated water \ 4
Waste water
to treatment
plant
Figure3.3.1-4 Organic Waste Systems - DRANCO Process

13/22



The DRANCO process condsts of a single stage, thermophilic reactor (operating
between 50 and 58C). The retention time in the reactor is 20 days. 5% of the contents
are removed each day and de-watered to 55% solids using a screw press.  The filtrate
is pre-trested in on-sSite agration ponds prior to discharge to the loca nunicipd waste-
water treatment plant. The digested residue is extracted from the reactor, de-watered
to a TS content of 50%, and then dtabilised aerobicaly for a period of approximatdy
2 weeks, in a fadlity with in-floor ar ducts. The find product is caled Humotex and
is a hygenic, stabilised soil conditioning product. About 7% of the gas produced is
used to hesat the digester.

The total solids content of the feedstock varies between 15-40%, depending on the
input materid.  Organic Waste Systems have adso developed a DRANCO-SEP
process that operates between 5-20% solids.

3.3.2 Small Scale Processes (less than 2000 tonnes/year)
i) Indian Vanaspati Kachara Bio-gas Plant (Ref 5)

The Vanaspati plant uses only organic waste, (household refuse and waste plant
materid). All materids are cut into smal pieces before being added to the digedter,
which is a ample, sngle sage vessd, desgned for digestion of animad manure. The
digester is filled with water and organic waste, a few buckets of spent durry from an
active biogas plant are added at the beginning to speed up the initid process. A
continuous system pilot plant was tested and found to be successful in producing gas.
However, it was noted that the gas rate varied dgnificantly depending on the type of
organic matter added to the digester. At some point, when the gas production dropped
ggnificantly, green matter that underwent an agrobic pre-decomposition was added.
This increased the gas production back to previous levels. It was aso noted that
during winter, as the temperature dropped, gas production reduced.

i) Garbage Gas Manure Pilot Plant, Agricultural Tools Research Centre,
Bardoali, India (Ref 5)

The plant was a batch type design, which used kitchen waste and generd garbage. It
included a pre-digestion platform and four digester pits. It was a smdl scde sysem
with an average retention period of 40 days for each digeter. All of the garbage was
first shredded into pieces less than 5cm in length. It was then spread under shade on a
platform and moistened with weater. The waste was turned once a day until the colour
changed to brown and it had a spongy consistency, and pH of about 7. It was loaded
into pits which were then seded. A gas tube was connected from the top of the
digester to a gas holder floating on fresh water. The tests conducted with different
materids concluded that the raw materia of abiodigester can fdl into 3 categories.

Category Raw Material Explanation

Materid producing | Cow Dung, Good C/N ratio, steady rate of gas
normal, steady biogas | animd manure production

yidd for a long

retention time.

Materid yieding | Green Succulent Initid fermentation Stage rapid, acids
profuse gas for a| maerid produced reduce pH leve and inhibit
shorter time further gas production.
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Materid yidding gas a | Municipd High cabon, low nitrogen content,
dow rae for longer | Organic Garbage | therefore nitrogen is used up quickly
retention time. by bacteria which then react very
dowly. Addition of nutrients such as
ammonium nitrates and phosphates
increase the bacterid growth and o
increases gas production.

Table4: Results of tests usng various raw materids as feedstock

It was found that by insulating the wals of the digester with compog, the temperature
increase alowed the process to produce 58% more gas. It was aso noted that by
mixing materid with a C/N raio of 25-30 with the garbage, the retention time was
reduced and the gas production rate improved.

iii)  Rottaler Model, Bavaria, Germany

(Wet Continuous Multi-Stage System)
The Rottaler Model system was designed to be a low codt, small-scae process, with
the emphass on decentraized plants and a sSmple process. The plant was developed
by Tean Agar Energie in Bavaia, Gemany. The current plants process
gpproximately 2000 tonneslyear each, but it is possible to build plants to process from
as little as 500 tonnes'year. There ae four plants in operation, three use a
combination of animad manure mixed with the organic fraction of municipa solid
wade, the other operates only on msw, (this plant has been operating successfully for
nearly three years). The design of the plant is the same for ether process.
All plants have pre-separated organic waste ddivered to the plant and use a hand-
sorting process to remove items of organic waste that cannot be digested, (primarily
wood). The sorted waste is chopped and mixed with recycled process water to a tota
solids content of 10%, prior to being fed to the first reactor.
The fermentation is spit into two phases, the firgt is a stabilisation process operating at
37°C, with a retention time of 7 days. The digedtate is then passed to the second
reactor where it is heated to 55°C and maintained for 215 days. The solid portion of
the digested materia fdls to the bottom of each reactor tank and is collected by a
rotating wiper am and forced into a collection area. It is pumped out from the bottom
of the tanks and used as a s0il conditioner. The liquid portion at the top of the tank is
removed and gtored in a separate tank, from where it is collectd to be used as a liquid
fertilizer. A portion of the liquid is fed back to the beginning of the process and
mixed with the input feedstock.
Biogas is collected from both reactors and purified before being fed to a diesd engine
and generator. The eectricity produced is used to power the plant, the remainder is
fed to the dectricity grid sysem. The heat generated by the diesd engine is used to
heat the reactors. A water transfer system is used and he reactor vessdls are built
with the water pipes embedded in the concrete walls.
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iv) Anyang City, Korea.
(Multi-Stage System)

The anagrobic digestion facility was developed in Korea due to lack of sufficient
space in the highly populated city area for a landfill Ste.  Also, the high moisture and
st content in the food wagste hindered any effective composting.  The fadlity in
Anyang city processes about 3 tonnes of organic waste per day, (just over 1000
tonneslyear).

Mastic and other non-degradable materid is removed by means of a drum screen and
an acid reactor. These materias are then sent to a nearby incinerator.

The process consists of two reactors in series, with capacities of 15nT and 45nT,
which separate the acidic and methanogenic phases of the anaerobic digestion
process. Effluent from the second reactor is recycled and mixed with the input
feedstock.

From the 3 tonnes of food waste processes per day, 230n? of biogas, 100Kg of humus
and 2 tonnes of waste-water are produced.

34  Comparison of Different Systems

The following table shows a comparison of the systems described in Section 3.3.

17/22






Table5: Comparison of some exising systems-

(Gaps indicate that informeation is not available)

System Organic Pre-Treatment Process Post- Total Capacity Date Remarks
material Treatment Digester of Plant | operation
Volumem® | tonneslyr | started
Ecotechnology, | Source - organic waste - Single Stage Slurry to be 5.0 6,500 1995
Bottrop, Separated separated from - Temp 35°C pasteurised at
Germany household combustible - Retention Time 15 70°Cfor 30
waste materials (RDF). 20 days mins
only - RDF to fluidised bed
boiler
BTA, Source - Pulped - Multi-Stage 2.4 20,000 1993
Helsingor, Separated | - Plastic Removed - Temp 38°C
Denmark household | - Sanitised for 1hr at -Liquid from
waste 70°C Separation and
only - NaOH added. liquid from
- Materia separated hydrolysis digested
into liquid and in reactor.
durry, durry
hydrolysed
TBW Biocomp | Source - Fineorganic fraction | - 2 stage reactors Solid part of 1000 13,000 1996 Separation by
Process, separated separated from - Stagel - dudge mixed (for each hand and
Thronhofen, MSW coarser organic (35°C)Mesophilic with matured reactor) mechanical means
Germany fraction. - Stage2 — (55°C) compost. is used to remove

Coarser material to
aerobic decomp. by
composting

Fine fraction pulped
and mixed with
liquid from digested
dudge.

- Thermophilic
Retentiontimeis 2
weeksin each
reactor

non-organic
materials.
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System Organic Pre-Treatment Process Post- Total Capacity Date Remarks
material Treatment Digester of Plant | operated
Volumem® | tonneslyr
Organic Waste | Source - Manudly sorted - Sngle Stage Sludge 11,000to 1992
Systems — Separated | - Shredded - Thermophilic (50 — | dewatered and 35,000
DRANCO household | - Magnetic separator 58°C) Stabilised
Process waste - Mixed with water - Retention Time= aerobicaly for
only 15 to 30 days 2 weeks.
V anaspati Plantand | - wastechoppedinto | - Continuous 8.25 <200 1989 Aerobic
Kacharabiogas | kitchen small pieces decomposition of
plant, India waste - few buckets of dlurry green waste used
from active system as a pre-treatment
introduced at start up to increase gas
production
Garbage Gas Kitchen - Shredded - Batch 1989 Gas production
Manure Pilot wasteand | - Aerobic pre- - Retention Time 40 1991 increased by
Pant, Bardali, genera digestion days (approx) | insulating digester
India solid and by mixing
waste waste with
manure
Rottaler Moddl, | Source - hand sorting - Multi-Stage Separation 540 (each 2000 194 Some plants use
Bavaria, separated | -  chopping - Stagel - tank, liquid reactor) co-digestion with
Germany organic (37°C)Stabilisation | pumped form animal manure
waste for 7 days top, solids
- Stage 2 - from bottom
(55°C)Thermaphili | of tank.
c for 2-15 days
Anyang City, Food - Sorting - Multi-Stage Stage 1 -15 1000 1993
Korea Waste - Shredding - Stagel - Stage 2 - 45
Aetogenesis
Stage 2 —
Methanogenesis
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35 Economic Factors

It is difficult to discuss in detal the economics of implementing an Anaerobic
Digegtion Plant for MSW, because of the many factors that affect the costs and the
varidion in circumgances and codts between different countriess. For example the
following factors will have an influence on the overdl trestment costs-

- Energy Prices

- Energy Taxes & Renewable Energy Policy

- Land Prices

- Labour Costs

- Congruction and materia costs

- Marketsfor the compost/soil conditioning product and prices

- Quality of the compost produced

In genera, when looking a the treatment cost per tonne of MSW for the large
fadliies built in Europe, it is clear that over the last few years the trend is for a
reduction in overdl trestment costs making anagrobic treatment systems more
competitive.  However, economies of scde mean that the complex indugtrid systems
need to process many thousands of tonnes of MSW per year to have a reasonable
treatment cost per tonne.

For example, usng the data provided in Appendix 1, 1996 figures show that a plant
with a capacity of 100,000 tonnes/yr has a treatment cost of less than 30US$ per
tonne, whereas a plant with a capacity of only 20,000 tonneslyr has a treatment cost of
around 60USS$ per tonne.

Dataon smaller scae systemsis not available at present. Data has been requested
from the Korean facility and is aso being collected on the Rottaler mode system.

3.6 Other Information

Other relevant information collected from a variety of sources is summarized below:-

I nternational Energy Agency (IEA) Bioenergy Programme - Anaerobic Digestion
Activity Leader, Philip. D. Lusk:

During correspordence by e-mail with Mr Lusk, he dated that he is not familiar with
ay gndl-scde, low cost sysems for processng msw. He explaned that ‘One
problem is that most MSW is a ‘high solid’, with usudly between 30-40% totd solids
concentration. To use conventiond digestion systems requires a dilution to less than
15% totd solids. There are a few ‘high solids systems being developed that can use
undiluted MSW. However, due to the economies of scale issue the pressure is to
condruct large sysems. The market is heading towards 1000 tonnes/day technology
to solve the waste disposal pressures of large urban aress.

He suggests that if waste waters from farms or industry are available, it would be best
to dilute the feedstock to ~4% TS and use a conventional anima manure biodigester.

SANDEC, Water and Sanitation in Developing Countries - Programme Officer
Solid Waste Management, Chris Zurbrugg:

SANDEC has no information on small scale anaerobic systems being used to process
msw in developing countries.
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Energy Technology Division, Tata Energy Research | nstitute, India - Research
Associate, K.V.Rajeshwari:

Stated that current research work is being carried out to investigate the problems of
processing solid wastes in biogas plants designed for cow dung. The man problems
being investigated are those rdaed to the formation of scum.  The fibrous materia
present in the solid waste gives rise to scum which floats to the top of the digester and
prevents the reease of biogas and further digestion of solid waste. A patent has
recently been filed for a desgn for a resctor for vegetable market waste. However,
they have not yet reached the stage of commercidisation of the technology and further
research is required.

40 CONCLUSION

Anaerobic digestion systems for digesting MSW are now widdy used throughout the
world. The mgority of plants are large scale, processng over 2,500 tonnes of waste
per day and involve complex plant desgn. Much of the technology is based in
Europe, with Germany and Denmark leading the fidd in technology and in the
number of successful plantsin operation.

To increase the rate of digestion and biogas production multi-stage processes are often
used. These silit the stages of anaerobic digestion, hydrolyss, acetogeness and
methanogenes's, causing them to occur in separate reactors. The environment in each
reactor can then be optimised for the particular digestion stage and so increase the
reaction rate and amount of gas produced. Other sysems use the thermophilic
temperature range to increase the gas production rate.

Mogt of the larger scale, indudtrid systems process MSW done, however the smpler,
gndler scde systems are more successful when co-digestion with animd manure is
used. The animad manure improves the C/N ratio of the feedstock and ads the
anaerobic digestion process, dlowing a more smple process to be used.

One smdl scde sysem that has been identified as having potentia for application in

Thailand is the Rottaler Moddl. This gppears to be a flexible design that can be sized
to suit the Situation, without adversaly affecting the process performance.
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Appendix 1

| EA Bioenergy Anaerobic Digestion Activity 1997 Report, Systems and
Markets Overview of Anaerobic Digestion.

Appe 1 - 1/6



Appendix 2

Background Information on Biogas System for digestion of Municipal
Solid Waste.

The following summearizes the information collected during the course of this study
on the technical details of Anaerobic Digestion of MSW.

Digester Material

Anagrobic digestion occurs naturdly wherever high concentrations of wet organic

matter accumulate in the absence of dissolved oxygen. Only waste of organic origin

can be processed in an anaerobic digester. As this makes up 30-60% of household
wadte there is a condderadle benefit in diverting this waste from landfill. Municipd
solid waste is composed of :-

1) Digedtible Organic Fraction — Readily biodegradable organic matter, eg. kitchen
scraps, food residue, grass cuttings etc.

2) Combudtible Fraction — Sowly digestible organic matter such as coarser wood,
paper, cadboard. These ae lignocdlulosc materids which do not readily
degrade under anaerobic conditions and are better suited to aerobic digestion, i.e.
compogting. (Opinions vary over the digedtibility of paper, which depends on the
lignin content, some forms of paper are much more digestible than others —
generdly only paper that is too contaminated with organic waste to be recycled, is
congdered for digestion). The combustible fraction aso congsts of indigestible n

3) Inet Fraction — Stones, glass, sand, metd, etc. Some of these products are
suitable for recycling, the remainder can be landfilled.

Joint treatment of municipd olid waste with anima manure/sewage durry is a
popular method in exiging plants, the process tends to be smpler and is economicaly
more viable than an MSW only trestment system.

Separation
Source Separation: Recyclable materials separated from organic waste at the source.

Mechanical Separation: This can be used to separate an organic fraction of the waste
if source separation is not avalable.  The fraction obtained is more contaminated
which will affect the heavy metd and plagtic content of the find digestate composting
product. In many countries compost derived from mechanica separation will not
meet standards required for a soil conditioner product. — Ref 10.

Pre-treatment

Having separated any recyclable or unwanted materids from the waste, the organic
material must be chopped or shredded before it is fed into the digester.

The organic maiter is dso diluted with a liquid, ranging from sawege durry, to
recycled water from the digestate, to clean water.

In some sysems an agrobic pre-trestment dlows organic matter to be partly
decomposed under aerobic conditions before undergoing anaerobic digestion.

Anaerobic Digestion Process
The process of digestion congists of three stages:
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1) HydrolysigLiquefication: Involves the breskdown of insoluble, complex organic
metter into Imple, soluble molecules.  Cdlulose is depolymerised into sugars,
acohols, peptides, amino acids and fatty acids with the hep of an enzyme
released by the bacteria.  In some processes this initid step is catdysed by the use
of an acid or dkdli.

In some industrid processes an hydrolysis process is added at the beginning stage
to substantidly degrade the hydrocarbon content of the solid waste before it is
added to the digester. This provides a higher methane yied and gives a shorter
digegtion time. It aso reduces the thick fibrous scum that can form on top of the
digesting mixture and generdly makes it less viscous and easier to process.

2) Acetogenesis’/Fermentation:  The smple monomer blocks formed in step 1 act
as subdrate feedstocks for the fermenting, acid forming anaerobic bacteria which
produce various volatle acids, carbon dioxide and hydrogen. The principa acids
produced in this process are acetic acid, propionic acid, butyric acid and ethanol.

For example-
CeH1206 ------------- - 2C3Hs0H + 2CO»

3) Methanogenesis The acetic acid and hydrogen produced in step 2 are broken
down by the acetoclastic methanogenic bacteria forming methane and hydrogen
carbonate. Hydrogentrophic methanogenic bacteria then reduce the hydrogen
cabonate with hydrogen to form methane. Many products, by-products and
intermediate products are produced in the process of digestion before the find
product of methane is produced.

Examples of some of the reactions that occur:-

CH3COOH ---------nnn-- > CHgy + CO,

Acdtic acid Methane Carbon Dioxide
2CH;CH,OH  + CO,  —mmmmme-- > CHs; + 2CH3COOH
Ethanol Carbon Dioxide Methane Acdic acid
CO; + 4Hy - > CHs + 2H0
Carbon Dioxide Hydrogen Methane  Water

Biogas Content

The gas produced contains methane, carbon dioxide, some inert gases and sulphur
compounds.  Typically 100-200m® of gas is produced per tonne of organic MSW that
isdigested.

Typica Biogas compaosition:

Ref 10
Methane 55-70% by vol.
Carbon dioxide 30-45% by vol.
Hydrogen Sulphide 200-4000 ppm by val.
Energy Content 20-25 MJn
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Key Parameters

Anagrobic bacteria are sendtive to the climate within the digester. Methanogenic
bacteria devdop dowly and are sendtive to any change in physca or chemicd
conditions.

Biogas digesters can be used for many different types of organic materids but snce
they have different bio-chemical characteridtics, ther potentid for gas production
vaies. The compostion of the feedstock will affect both the yield and qudity of the
biogas.

Facilitating and inhibiting factors in the anaerobic process are defined below:-

C/N Ratio: The relationship between the amount of carbon and nitrogen present in
organic materids is expressed in terms of the CarborVNitrogen ratio. A C/N ratio of
20 — 30 is congdered to be optimum for an anaerobic digester.

If C/N ratio is very high, the nitrogen will be consumed rapidly by the methanogens to
meet their protein requirement and will no longer react on the left over carbon content
in the materid. Asaresult the gas production will be low.

If the C/N ratio is very low, nitrogen will be liberated and accumulate in the form of
ammonia  This will increese the pH vadue of the materid . A pH vadue higher than
8.5 will start to show atoxic effect on the methanogenic bacterial population.

Animd wagte , such as cow dung, which has been used successfully in biogas systems
for many years, has an average C/N ratio of 24. Pant materids contan a high
percentage of carbon and so the C/N ratio is high, (rice straw = 70, sawdust >200).
Human excreta has a C/N ratio of about 8. To maintain the C/N leve of the digester
material a acceptable levels, materias with high C/N ratio can be mixed with those
with a low C/N ratio, i.e. organic s0lid waste can be mixed with sewage or animd
manure.

Examples of typica C/N vauesfor various materids are shown below:-

Table 1: C/N Ratio of some Materials

Raw Material C/N Ratio
Duck Dung 8
Human excreta 8
Chicken Dung 10
Goat Dung 12

Pig Dung 18
Sheep Dung 19
Cow Dung 24
Water Hyacinth 25
Municipal Solid Waste 40
Elephant Dung 43
Maize Straw 60
Rice Straw 70
Whesat Straw 90
Saw dust >200

Ref 1

Dilution: Water or durry can be added to the raw materid to maintain the equired
condgency. If maerid is too diluted, the solid particles will settle down in the
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digester and if it is too thick the particles will impede the flow of gas to the upper part
of the digester. Different systems can handle different percentages of solid to liquid,
average ratios are 10-25%, but some systems can cope with solids up to 30%. (ref 2)

pH Value: Optimum biogas production is achieved when the pH vaue of the input
mixture is between 6 and 7. The pH vaue will be affected by mixture retention time
in the digeder. In the initid period of fermentation, large amounts of organic acids
are produced and the pH vaue of the mixture can decrease to bedow 5. This will
inhibit, or even gop, the digestion and fermentation process. The methanogenic
bacteria are very sengdtive to pH vaue and will not thrive below a vdue of 65. As
digestion continues and the concentration of ammonia increases, due to the digestion
of nitrogen, the pH vaue can increase to above 8. When the methane gas production
has stabilised, the pH will remain between 7.2 and 8.2.

When plant materid is fermented in a batch system, the acetogeness/fermentation
dage is rgpid, producing organic acids which reduce the pH and inhibits further
digestion. Reduction in pH can usudly be controlled by the addition of lime.

Temperature: Methanogenic becteria is inactive a extremes of high and low
temperature.  When the ambient temperature goes down to 10°C, gas production
virtudly stops. Two temperature ranges provide optimum digestion conditions for the
production of methane.

Mesophilic Range- The mesophilic range is between 20 — 40°C, the optimum
temperature is considered to be 30 - 35°C.

Thermophilic Range: - The thermophilic temperature range between 50 - 65°C
produces a better rate of degradation.

Although the thermophilic process is more efficient, it is consdered more
complicated in respect of bacteria and the materid required for tanks and pipes. Ref 6.

The graph below shows the generd trend for the digestion time of a certain amount of
organic mater vs temperature. (The curve may differ according to the
physical/chemica compostion of the feedstock) . Ref 10.
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Loading Rate This is an important process control parameter in continuous Systems.
Many plants have reported system falures due to overloading. This is often caused
by inadequate mixing of the wade with durry. If there is a Sgnificant rise in voldtile
fatty acids this normaly requires that the feedrate to the system be reduced.

Retention Time: Wastes remain in a digeter that is operating in the mesophilic range
for a vaying period of 10 — 40 days the duration being dictated by differing
technologies, temperature fluctuations and waste compostion. (Ref 2).

Toxicity.: Minerd ions, heavy metds and detergents are some of the toxic materids
that inhibit the normad growth of bacteria in the digeter. Smdl quantities of
minerds, (sodium, potassum, cacdum, magnesum, ammonium and sulphur), dso
dimulate the bacterid growth, but heavy concentrations will have a toxic effect.
Heavy metds such as copper, nickd, chromium, zinc, leed are essentid for bacterid
growth in smdl quantities, but higher quantities will dso have a toxic effect.
Detergents such as soap, antibiotics, organic solvents aso inhibit the bacteria

Recovery of digesters following toxic substances inhibiting the syssem can only be
achieved by cessation of feeding and diluting the contents to below the toxic levd.

Mixing/Agitation: Results from exising sysems tend to show that a levd of mixing
is required to maintain the process dability within the digester. The objectives of
mixing are to combine the fresh materid with the bacteria to stop the formation of
scum and to avoid pronounced temperature gradients within the digester.

Ove frequent mixing can digupt the bacterid community and it is genedly
conddered that dow mixing is better than rgpid mixing. The amount of mixing
required is aso dependent on the content of the digestion mixture.

Health Issues. Bacteria and viruses present in municipal solid waste can be a risk to
the workers handling the waste.

For a combination of sewage dudge and household waste, which are regarded as
having a higher infectivity risk than anima manure, pre-treatment processng a 70°C
for at least one hour is recommended by the Danish Energy Authority, in ref 3.

Solid residue/Slurry: After the biologica degradation is complete the solid resdue or
digestate is removed and can be cured aerobicdly and screened for any unwanted
items, (like glass shards, plagtic pieces etc), before being used on the land.

The purity of the materid fed into the sysem will dictate the qudity of the durry
produced. Thisisused asa product to condition and improve soil.

Problems specific to MSW anaerobic digestion:

1) Nature of organic waste may vary according to location and time of year. In
wet season horticulturd plant cutting levels may be higher than in the dry
season.  This may lead to a variation in the C/N ratio and affect the rate of gas
production.

2) Inadequate mixing of refuse and sawage can affect efficiency of system.

3) Blockage of pipes can be caused if large pieces of waste enter the system, this
causes problems, particularly in continuous systems.
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Advantages of MSW anaerobic digestion:

1

2)

3)

Makes landfills esser to manage by removing problematic organic waste
materia which isrespongble for gaseous and liquid emissons.

Enclosed sysem dlows dl of the biogas to be collected, unlike on landfills
where recovery only yidds 30-40% of gas generated. Methane is a
greenhouse gas with twenty times the impact of carbon dioxide.

An end product that can be used as a soil conditioner is produced.

Mixing the refuse with animd dung improves the sysem efficiency and dlows for a
more smple process design, improving the economic vigbility of the sysem. This is
due to the improved nitrogen content that is achieved by mixing with dung.

I mportant points to be considered when designing a mixed MSW/animal dung or

sewage Biogas system.

1

2)

3)

4)

5)

Health Issues: Bacteria and viruses present in municipal solid waste and human
sawage can be harmful to those handling the waste and can remain in the durry
following the digestion process. Treatment of waste a 70°C for 1 hour is
recommended, ether before digestion or on durry prior to use as a il
condiitioner.

Sampling: It is ussful to dedgn into the digester sysem the adility to take
samples of the digester materid so that a check on the content can be maintained.

This dlows adjustments to be made to the content of the mixture if gas production
reduces.

Gas Storage: Many exiging animd dung bioges sysems dore the gas in a
hemisphericd concrete and brick structure, which forms the top of the digester
unit. In some cases leakage from cracks in the concrete has been found. Attention
should be pad to the congruction of the concrete vessdl or dterndively a sted
vessel could be used for gas storage.

Agitation: Digedion rete is improved if a method of dirring is incorporated into
the digester design.

Waste Content: The waste must be sorted so that dl inorganic products are
removed from the refuse prior to entry into the digester. Idedly the refuse should
be sorted a source, if not, it could be sorted by hand on ddivery to the ste.

However, a this stage recyclable materids are more likely to be contaminated
with organic materia and thisis not desired for recycling.
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