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0.1 Introduction

Peat has been used as aform of energy for at least 2 000 years. It was useful as an alternative to firewood
for cooking and heating in temperate and boreal regions of Europe, in particular Ireland, England, the
Netherlands, Germany, Sweden, Poland, Finland and the USSR. The increasing use of gas and oil as
cooking and heating fuels during the 20th century resulted in a diminishing use of peat for such domestic
purposes. The high demand for electricity, however, locally stimulated the development of large electric
power plants fuelled by peat. Peat appeared especially competitive in the 60-200 MW power plants which
necessitated the reclamation of vast areas of peat for large scale peat extraction, particularly in Ireland,
Finland and the USSR. Specialized technology was developed for these reclamation efforts. Recently, peat
has been used for electricity generation in small unitsin the range of 20-1 000 kW.

Aswell asthese energy uses, peat is mixed with mineral soil in horticulture to increase the moisture
holding capacity of sands, to increase the water infiltration rate of clayey soils, and to acidify soils for
specific pot plants. Industrial uses include the extraction of valuable hydro-carbons (Table 31), and in the
building industry it can be used as an insulator because of its poor heat conducting properties. Such uses
are however relatively minor in relation to the large scale extraction for energy purposes on which this
chapter concentrates.

Extraction of peat for energy purposes as an alternative to relatively expensive imported fossil fuels such
asoil and natural gas, has become particularly attractive to developing countries since the first fuel crisis
in the nineteen seventies. There often appearsto be a strong natural link between the extraction of peat for
fuel and agricultural development. The latter either succeeds extraction when the peat deposits are
exhausted or both enterprises are carried out ssmultaneoudly. It islikely that in the near future it will
become possible to employ very small generators fuelled by peat for water control and water-table
management in peatswamps used for agricultural purposes. If this can be done it would perhaps be
economical and, from an income-generating point of view, desirable to stimulate integrated devel opment
of peatswamps.

Peat extraction is only one land use option for peatswamps and often competes with other land use
alternatives such as agriculture or preservation. In places peat extraction is desirable where the underlying
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mineral substrate is of good quality for arable use.

The economic viability of peat as afuel depends on local conditions including availability of other fuels,
labour, material costs, transportation distances, climatic conditions and the possible scale of operation.
Peat utilization can have socio-economic impacts on rural areas and this should be considered during the
land evaluation process which includes future agricultural uses of reclaimed wetlands. A discussion of the
issues in the development of peatswamps for extraction therefore forms part of this Bulletin.

The technology for peat extraction in the tropicsis limited and must rely on the wealth of information
from the developed countries, mainly in temperate regions, where peat extraction has been practised for
centuries. For up to date technical information reference has been made to studies carried out by Ekono
(1981), Bord-na-Mona (1984) and Euroconsult (1984 and 1985).

The following sections describe the concepts and principles of evaluating the quality and quantity of peat
resources, the planning of peat production, and finally the preparation of peatswamps for extraction and
the related problems.

9.2 Peat as an Energy Source

9.2.1 Decomposition stage

9.2.2 Carbon and hydrogen content
9.2.3 Ash content

9.2.4 Types of fuel peat

9.2.5 Fuel properties

9.2.6 Minor factors

9.2.1 Decomposition stage

Peats vary greatly in character partly depending on the state of decomposition of their plant remains and
for this reason the Von Post scale of humification is commonly used to characterize peats (Table 16).
Weakly decomposed peat is poorly suited to combustion, and therefore peat should be at |east moderately
decomposed (group H5) for use as afuel.

Table31 IMPORTANT INDUSTRIAL USES OF PEAT AND RELATED PRODUCTION
PROCESSES (sour ce Euroconsult 1984)

] Raw material | Process | Primary products [Secondary products
Well decomposed (milled peat, sod |Pyrolysis Coke Metallurgic coke
peat, briquettes) Tar Activated carbon
Pyrolysis gas Neutral oil
Raw phenols
Raw acids
Raw alkalis




Gasification Synthetic gas Oil products
Water gas Hydrogen gas
Generator gas Methane
Methanol
Ammonia
Hydrogenation Crude ail Oil products
Gas
Extraction Raw waxes Synthetic waxes
Raw resins Fatty alcohols
Humic acid salts  |Fatty acids
Peat residue Humic acids
Oxidation Organic acids Oxalic acid
Peat residue Higher organic acids
Weakly decomposed (milled peat, |Hydrolysis Hydrolysis products|Food yeast
sod pesat) Peat residue Alcohol
Furfural
|Chemical activation | |Activated carbon
IHeat treatment ] |Absorption materials
|Purification, fertilization| IHorticultural peat

9.2.2 Carbon and hydrogen content

The carbon and hydrogen contents of peat are significant for its use as a fuel. During decomposition
carbon and nitrogen typically increase whereas oxygen and hydrogen decrease (Table 32). However,
relative amounts of the various organic compounds in peats such as carbohydrates, humic acids, lignin and
bituminous materials (Table 12) affect the intensity of the three phases of combustion commonly
distinguished in thermo-analytical studies.

9.2.3 Ash content

Inorganic substances in peat deposits vary quantitatively as well as qualitatively and they affect the ash
content which is a useful parameter when assessing the value of peat for fuel. Peats with alarge content of
mineral soil have a high ash value. The range of ash valuesin good quality peat isfrom 1-7 percent, but
peats with values up to 14 percent are used for fuel. Analyses of some Indonesian peats are compared with
those of peats from Finland and the Netherlands in Table 33. These figures show the wide range of ash
values that can be present in the same areas, probably caused by admixtures of mineral soil.

Table32 THE MOST IMPORTANT ELEMENTSIN PEAT ACCORDING TO DEGREE OF
DECOMPOSITION (source Ekono 1984)

Element | Degree of decomposition accor ding to Von Post

Slightly decomposed |M oder ately decomposed |Highly decomposed peat
peat H1-2 peat H5-6 H9-10




]Carbon |48—50l |53-54 |58-6O
IHydrogen |5.5-6.5 |5-6 5.0-5.5
INitrogen |0.5-1 11-2 11-3

Oxygen [38-42 [35-40 [30-35

1 Percent weight in dry solids

Table 33 EVALUATION OF PEAT FOR FUEL PURPOSES (sour ce Euroconsult 1984)

1 Moisture content is as received and is not representative of the bog as awhole.
2 Dry basis.

3 Samples analysed by Shell Laboratories, Amsterdam.

4 Samples analysed by PPTM-Bandung.

> Samples analysed by Ekono, Finland.

6 Ekono (1981).

Proportions of SIO, and Al,O3 which raise the melting point of the ash often exceed 50 percent of the
total ash content. CaO and Fe,O5 tend to lower melting points. The sulphur contents of peat is usually low
(0.1-0.4 percent asindicated in Table 34), although according to Table 13 values can be ashigh as 4
percent while Indonesian peats vary between 0.03 and 0.74 percent. Most peat therefore has a sulphur
content comparable to oil which has a content of no more than 0.3-0.4 percent. Thisin turn is much lower

than the sulphur content of coal and lignite (1-3 percent). Peat is therefore environmentally as acceptable
asoil for useasafuel.

Table34 GENERAL CHEMICAL AND FUEL PROPERTIES OF A RANGE OF FOSSIL FUELS
(source Lindstr dm 1980)

] | Coal | Lignite | Peat | Wood
|Chemical composition |

[Carbon (C) weight %[ 7687 | 6575 | 5060 | 48
[Hydrogen (H) weight %[ 3550 | 4555 | 57 | 6—7
[Oxygen (O) weight%| 311 | 2030 | 30-40 | 3843
INitrogen (N) \weight%| 0.8-1.2 | 1-2 | 0525 | <06
|Sulphur (S) \weight%| 13 | 1-3 | 0.1-04 |0.02-0.06
IFuel properties |

\Volatile matter \weight %| 10-50 | 50-60 | 60-70 | 75-85
[Ash weight%| 410 [ 610 | 215 | 0120
]Melti ng point of ash |°C |1100- 1300 |1100—1300 |1100- 1300 |1350—1450
Bulk density kg/m3 728-880 | 650-780 | 300-400 | 320-420
Effective calorific value of dry substance|M Jkgl 28-33 20-24 20-23 17-20

11 MJkg =239 Kcal/kg
1 MJkg = 430 Btu/lb
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9.2.4 Types of fuel peat

Three types of commercial peat are commonly distinguished: milled peat having a moisture content of
40-50 percent, air-dried sod peat with a moisture content of 30-40 percent and, artificially dried
compressed peat briquettes with a moisture content of 10-20 percent. Milled peat is commonly produced
by large scale mechanized peat extractions, whereas the other two are produced on asmaller scale by
manual, semi-mechanical or mechanical methods, either in dry or in wet conditions.

Milled peat is a heterogeneous mixture of loose peat particles which are cut from the surface of the
peatswamp. The particle size, which varies with the production method, peat type and degree of
decomposition, is between 3 and 8 mm. The peat is cut at 0.5-2.0 cm depth, spread uniformly across the
surface of the peatswamp and allowed to dry in the wind and sun. Because of itslow bulk density and
relatively high moisture content, the calorific value of milled peat per unit volumeislow, restricting its
economic transport distance.

Air-dried sod peat is a manually or mechanically compressed fuel. The size and shape of the product,
which may be either cylindrical or brick shaped, is dependent on the production method. Hand-cut sod
peat is about 125 x 125 x 300 mm (Plate 12), whereas mechanically produced sod peat is 10-30 cm long
and 5-10 cm, in diameter. Compression takes place during production and the sods shrink further and
harden during air-drying by the wind and sun. Air-dried sod peat has a higher calorific value per unit
volume than milled peat and can therefore be transported more economically.

Artificially dried and compressed peat briquettes or pellets are uniformly sized and thus easier to handle
than either milled peat or sod peat. Milled peat is mechanically compressed to form the briquettes which
are similar to bricksin size, whereas pellets are 3-30 mm according to the machine used. The milled peat
raw material varies in moisture content from 40-55 percent and must be artificially dried to between 10
and 20 percent to produce either briquettes or pellets. The calorific value of both briquettes and pelletsis
high per unit volume and they can therefore be transported economically over longer distances than either
sod or milled peat.

Plate 12. Hand-cut sod peat from atrial in West Kalimantan, Indonesia

9.2.5 Fuel properties

The combustion properties of commercia peats can be determined from their moisture content, their bulk
density, their calorific value and their volatile substances. Table 35 lists these properties for the three
forms of peat in comparison with wood and lignite. The moisture content of processed peatsis variable
and thisinfluences their combustion properties and calorific values. Manufacturerstry to keep stockpiles
at amoisture content of 40-55 percent. Internal heating of the stockpiles usually starts at 50-100 cm depth
and the moisture content can then drop to 10-20 percent. Internal heating can occasionally result in
spontaneous combustion which can be prevented by cutting off the supply of oxygen either by covering
with plastic sheets or by enlarging the stockpile. In the tropicsinternal heating and spontaneous
combustion are considerable problems.

The bulk density of milled peat islow and depends on the stage of decomposition of its fibres (86-212
kg/m3 in Finnish peats). Compression which usually occurs on stacking is partly reversible when the
weight is removed.
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The calorific value per unit volume of milled peat isin the range 3.35-4.19 GI¥m3 and is only one quarter
to one sixth that of coal and about one tenth that of oil. The calorific value of peat dry matter is primarily
dependent on the type of peat, degree of decomposition and ash content. Figure 30 illustrates the
relationship between moisture content, ash content and calorific value. The calorific value of oven-dried
peat is generally about 20 MJKkg, but at the operating moisture content of 30-40 percent the calorific value
iIsonly about 10 MJKkg. On this basis an estimate can be made of the total energy value of a peat deposit
of known volume assuming a certain bulk density and field moisture content. For comparison the average
effective calorific values of different fuels are given in Table 36.

Table 35 COMBUSTION PROPERTIES OF PEAT, WOOD AND LIGNITE (source Ekono 1981)

Peat Wood |Lignite
Milled | Sod |Briquettes|Biomass

|Effective calorific value of dry matter (MJkg-mean) | 18-22 | 18-22 | 18-22 | 18-19 | 20-24

Effective calorific value at operating moisture content 7-12 | 11-14 17-18 12-13 | 11-14
(MJKkg-mean)

\Volatile substances (% dry matter-mean) | 6570 | 65-70 | 65-70 | 75-85 | 50-60
Bulk density at operating moisture content (kg/ms3) 300-400(300-400| 700-800 |320-420 [650-800
|Operating moisture content (%) | 40-55 | 30-40 | 10-20 | 30-35 | 40-60

In addition, the following factors which affect handling, should be considered:
- flow properties
- unwanted material (wood, minerals, fibres, etc.)
- corrosive properties (acidity)
- particle-size distribution

Figure 30. Relationship between moisture content, ash content and calorific value of peat (source
Ekono 1981)
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Table 36 AVERAGE EFFECTIVE CALORIFIC VALUES OF DIFFERENT FUEL S (sour ce Ekono
1981)

35 350 12.8 4.5

Fuel Moisturecontent indry  |Bulk density| Effective calorific value at operating
matter in operation moistur e content
% kg/m3 MJ/kg | GJ/m3
|Peat briquettes| 15 | 750 ] 17.0 | 12.0
Peat pellets | 15 | 750 | 17.0 | 12.0
Peat pellets | 30 | 550 ] 14.0 | 1.7
IMilled peat | 45 | 350 ] 10.5 | 3.7
| | | |

1Sod peat




|Crushed coal | 9 | 800 | 25.0 | 20.0
Anthracite | 5 80 | 29.3 | 25.4
Heavy fuel ol | - 950 | 40.6 | 39.0
[Light fuel oil | . 0 | 427 | 410

9.2.6 Minor factors

Particle-size distribution and flow properties affect the fuel properties of peat. Optimum size-distribution
Is not known but dust must be avoided as it creates unhealthy working conditions and may self-ignite. The
proportion of the fine material in peat should therefore be low. On the other hand coarse fractions and
fibric materials cause handling difficulties and therefore a high proportion of medium sized particles
seems favourable. For this reason the best peats for fuel are probably those with moderate decomposition
(mesic peats). Particle-size distribution should be considered in relation to bulk density and air space as
large air spaces favour internal heating in the pile.

9.3 Resource Estimation

9.3.1 Initial survey

9.3.1 Initial survey

Resources are estimated during an initial survey. When assessing the peat for energy purposes, the
following properties should be assessed: degree of decomposition, depth, amount and size of wood
fragments, nature of underlying deposits (with aview to land use after extraction) and feasibility of
drainage. Samples are taken for analysis to determine the properties shown in Table 33. Loss on ignition
should also be measured to help interpret the values obtained for ash content.

While the physical conditions of the peat and the peatswamp are important considerations during the
initial survey, assessment should also be made of factors such as the climate, accessibility, socio-economic
and environmental impact of the extraction as part of the economic feasibility.

Climatic data

Peatswamps have to be drained prior to extraction and there needs to be adequate conditions
for drying the peat production. Meteorological data on rainfall amounts and distribution,
evaporation, sunshine hours and radiation, will show the best periods during the year for
drying.

In addition to the excess rainwater which must be drained from the peatswamp the equivalent
of 180-190 mm of water must be evaporated from the drying beds during one drying period.
Tropical areas, particularly those in the wet equatorial belt, have a high annual rainfall, often
in excess of 3 000 mm, and there is no pronounced dry season with rainfall of less than 60
mm monthly. Nevertheless, peat can be dried quickly even under such awet climate. Supardi



(1983) found that under these conditions sod peat can be dried to a moisture content of 15-20
percent in arelatively short time (Fig. 31). Once irreversible drying sets in, which occurs
within afew days, heavy rainfall haslittle effect on the peat sods. In Jamaica preliminary
trials, however, indicated that adrying period of 30 days in the dry season was needed to
reduce the moisture content from 90 percent to 35-40 percent. In the wet season, when 20-50
mm per day is not uncommon, it proved impossible to dry sod peat below 50 percent
moisture (Robinson 1980). Climatic studies should therefore always be followed by field
trials.

Feasibility of drainage

Many of the factorsinfluencing the practicalities of drainage are studied during the initial
survey. The outfalls through which drainage water will be removed require investigation as
does the possibility of intercepting or damming external water and avoiding unwanted
mineral sediments. These factors depend to a large extent on the water regimes of local rivers,
creeks and swamps. The water regimes have to be analysed from hydrometric dataand a
hydrological evaluation of the terrain undertaken. On this evaluation depends whether a
system of dry excavation or wet excavation (dredging) is adopted.

Accessibility

Because of the large volumes of peat to be removed, accessibility isamore important
consideration in peat extraction than in reclamation for agricultural development. In many
cases access by water is the simplest method but the need for navigation should not interfere
with water control measures. Roads serve a useful purpose but their construction is often
difficult because of the difficulty of building foundations (see section 7.2). In mountain peats,
roads are probably the best solution as there are sufficient quantities of earth-fill readily
available.

Post-extraction agricultural activities

Thisfactor is again emphasized because it is frequently forgotten in feasibility studies. In
order to fully evaluate the site, information must be gathered on the potential agricultural
suitability of the mineral substrate and the water regime that will prevail after peat extraction.

Socio-economic consequences

Problems of land tenure and resettlement before and after extraction need attention. In many
countries peat extraction is legally regarded as mining and as such can cause land ownership
problems. A possible influx of labour by migration of population must be given new
employment once peat extraction is exhausted. These long term effects require proper
evaluation.

Environmental impact

The environmental aspects of peatswamp development are an important part of any feasibility
study and are dealt with in detail in Chapter 10.



9.4 Peat Production

9.4.1 Introduction

9.4.2 Clearing

9.4.3 Ditching

9.4.4 Clearing of stumps

9.4.5 Methods of production and layout

9.4.1 Introduction

The raw peat which may contain as much as 95 percent water, must initially be drained to release as much
free water as possible and to give sufficient bearing strength for the peat to carry men and machines. The
peat surface is cleared of vegetation and is cambered to give run-off and to provide an area on which the
processed peat can be dried by wind and sun. The spacing of the drains depends on the production method,
but liesin the range 15-50 m. Drained bogs usually have a moisture content of 89-91 percent.

When the peatswamp is sufficiently drained production can commence. In temperate regions this takes 5
to 7 years. Under a hot tropical climate theinitial drainage period could possibly be much shorter. Thereis
as yet little experience but there are indications that a 2 year drainage period might be sufficient.

Figure 31. Influence of rainfall on sod peat dryingin West Kalimantan, | ndonesia (sour ce Supardi

1983)

Traditionally peat has been cut by hand and was labour intensive. Mechanical production started in the
mid-19th century when Hasselgren developed a moulding machine to improve sod peat quality. As greater
quantities of fuel were required, technology was adapted and modified in the various peat producing
countries to suit local climatic conditions and peat types. Today, while peat production is still carried out
by hand locally, it is often a capital-intensive and highly mechanized process which is cheaper than either
deep coal mining or oil production.

Since the mgjority of tropical peats are mainly derived from trees and contain partly decomposed logs,
branches and roots, the wood content is higher than in most temperate peats. Although wood content
varies locally depending on the stage of decomposition of the peat, new mechanical methods of extraction
will have to be developed for such materials.

Preparation of peatswamps for extraction includes the following stages; surface clearance, ditching,
clearing of stumps and the formation of the cutting area according to the extraction methods to be used.

9.4.2 Clearing

All timber, including the crowns of trees, are gathered and removed by methods described in section 7.2.
The trunks can be used for making the rafts for road foundations. Other woody materials can be made into
chipsif thereisalocal market. Burning should be avoided.
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9.4.3 Ditching

In most of Europe, the first stage in any peat development is drainage which is carried out by various types
of ditchers. Usually 70 hp tractors are used with aditching unit attached. The tractors often have tracks
rather than wheels to reduce bearing pressure. Hydraulic excavators are used in both temperate and
tropical countries. In Indonesiathey are used in conjunction with manual cutting of hard timber fragments.
Chain-saws, used widely for forest clearance can replace the hand-saw for these large logs. Although this
method is slower and more labour intensive than the use of ditching machines, it is nevertheless equally
successful.

In general, the draining and ditching of tropical peats appear to be more difficult than in temperate
countries. Often the machinery used is poorly adapted to tropical conditions. Some Burundi peats are
exceedingly difficult to drain by conventional methods because the water levels of the main drainage
outlets are often much higher than the bottom of the swamp to be drained. Pump drainage as developed in
the Netherlands is needed.

9.4.4 Clearing of stumps

The large amounts of contained wood (Plate 9) provide good fuel but where it isin large piecesit can
damage the extraction machinery. Where peat is dug by hand this limitation does not apply, although the
removal of large fragments from the fine-textured peat is very time consuming and may be prohibitively
costly. Small trees and branches can be crushed into the peat layer to a depth of 40 cm using deep millers.
This mechanized removal of wood on a large scale however is still to be tested under tropical conditions.
Heavy timber can be removed by a“stumpdrag”, mounted on a digging machine. Such a drag can clear to
one metre depth at atime. The large amounts of timber lifted from atropical peat may cause storage
and/or transportation problems if the materials cannot be used locally. Burning is not a satisfactory
aternative.

During the nineteen twenties and thirties a system was devel oped in the USSR to produce “hydro-peat”
from bogs containing large amounts of wood. The system consisted of flushing the peat with pressurized
water which transformed it into a viscous but fluid slurry. The slurry was carried or pumped to drying
pans and spread out in auniform layer of prescribed thickness. Peat sods were then made when the slurry
dried. The system isno longer used in the USSR, but is still used in Sweden (Lindstrom 1980). In
temperate countries there are wood shredding machines able to handle the woody peat. However, their
efficiency in dealing with tropical peat containing bigger quantities of harder and larger fragments of
timber must still be assessed.

9.4.5 Methods of production and layout

The nature of the peat and the climate of the swamp are important factors to be considered when deciding
on the method of extraction, the type of peat to be produced and consequently the size and layout of the
extraction field. In tropical countries both climate and peat type differ from those in temperate regions
where the extraction systems have been devel oped. Stockpiles of sod peat are commonly located where
there is easy and economic access to them and hence the location changes as to whether the ground is
frozen in winter or not. In Ireland storage systems are therefore different to those in Finland or the USSR
where the climates are much colder.



Dry sod production (dry extraction)

Where sod peat isto be extracted by hand the development of the peatswamp iseasy. It is
important to install adrainage system usually with field drains at say 20 m intervals. It is
sensible only to drain deeply (down to 1.50 m) in areas that will be excavated within about 5
years of drainage. Disregard of this rule enhances decomposition and the risk of fire. After
completion of the initial field preparation for the first 5 years of extraction, drainage should
be recommenced after about 3 years allowing 1 to 2 years for workable conditions to devel op.
After thefirst 1 m layer has been cut, it is possible to degpen the drainage and cut the second
layer. Only whereit isimpossible to lower the water-table so that extraction must be done by
dredging isit possible to waive provision of drainage 1 to 2 years ahead of excavation. Sod
peat production can be carried out as described below and as shown in Figure 32, the tools
used areillustrated in Figure 33.

The surface layer of variable thickness (30-60 cm), commonly contains undecomposed roots
and plant remains so is not suitable for sod peat production. It is therefore removed in strips
one metre wide, and placed on the side of the secondary drain (Fig. 32B). Sod peat is then
excavated with a special cutting tool producing a pre-arranged size of sod, generally about 40
x 10 by 10 cm thick. The cut sods are placed on top of the original surface layer placed on the
side of the drain (Fig. 32C). When the one metre strip has been cut down to a depth of about a
metre the next layer can be cut. When there is sufficient space created in the widening drain
the original surface layer can be dumped at the bottom of the drain and the sod peat placed on
this (Fig. 32D and E). Layers of sod peat should be loosely packed to allow air-circulation for
rapid drying. This may take 4-5 months under temperate conditions but the experience in
Rwanda has been that 2-2.5 monthsis enough. Local climate is of considerable importance
but to speed up drying the piles can be turned after about 3 weeks.

M echanized systems of dry sod production are varied according to local conditions, and there
IS no experience of them in the tropics. Treatment here is therefore brief but afew principles
must be given. Drainage should be installed about 2 years before excavation. Climate,
especially rainfall, influences the length of this period. The surface layer must be removed as
in the manual operated system but the surface must be levelled. The levelling can be done by
the same machines which carried out the ditching. Extraction is usually carried out in strips
20-40 m wide, which are drained by open ditches 1.0-1.3 m deep. The peat should not be
allowed to become too dry prior to excavation because it can slow or stop the machines.
However, machines seldom have the power to cope with moisture contents over 83 percent.
Peat should have a value greater than H5 on the VVon Post scale. Well humified peat (H9 and
H10) produces sods which crumble easily and therefore these peats, which produce excellent
fuel, are best excavated by the milled peat system.

M echanization requires high capital investment and is only cost-effective in large scale
extraction. Production of 20 000 tonsis possible in about 300 working days using machines
which would take 30 000 man days manually. Removing wood fragments is the main
constraint to mechanized production so the semi-mechanized field press system is probably
the most feasible for tropical peats. In this system the peat is dug out by a hydraulic excavator
and put into atowed field press machine powered by a 60-80 hp tractor which must have a
crawler gear. Thefield pressistowed by the tractor to alevel storage area, away from the
excavation site. While travelling, an agitator in the press, operated from the tractor power



take-off, breaks up and macerates the peat. At the storage site a screw arrangement in the
press, again operated by the power take-off, extrudes the peat through a rectangular orifice
and spreads the sods on the ground behind. A sod marker marks off the sods into 375 mm
lengths. The hydraulic excavator can if necessary be replaced by manual digging of the peat
but in both cases timber must be removed. The woody nature of tropical peats may be the
major constraint in peat production particularly for developing fully mechanized systems.

Wet sod production

In manually operated systems, shallow drainageis only required for preparing the drying site.
The peat is dredged manually by using buckets or tins, the materia is thereafter thoroughly
mixed and spread over the drying bedsin alayer 20-25 cm thick. After initial drying, the peat
mass can be cut into blocks of required size and piled-up for further drying. This method
requires alarge area and is very labour intensive with about 100 kg of dry turf produced per
man/day.

In mechanized capital intensive systems, the traditional “bagger” iswidely used. This
excavates the peat to a depth of 2-7 m, macerates it and spreads it out to dry. Other methods
include screw cutters, which excavate the peat with a 40-130 mm diameter screw cutter
making a 400-1 000 mm deep angled cut into the surface. It macerates the peat and extrudes
it behind the machine. Neither of these machines operates efficiently where the peat contains
alot of large hardwood fragments. Where this occurs major modifications are necessary. Disc
cutters, however, use a disc 900-1 400 mm in diameter to excavate the peat from a 400-600
mm cut. They cut through wood and fibres and thus can be used on woody and fibrous
deposits.

The main constraint in fully mechanized wet production systemsisthe large drying areas
required. A rule of thumb isthat 1 tonne of dry peat needs 75 m2 of drying space under
average drying conditions. Under ideal conditions the area needed is less (15 m2). Further, the
peat should be of homogeneous quality and not contain clay lenses. Dry sod systems are
therefore better suited to relatively small areas.

Milled peat production
Thisisafully mechanized process involving:
Milling

Thetop 0.5-1.5 cm layer of peat is milled or pulverized in beds commonly 20-40 m wide but
up to 3 km in length.

Mixing
The milled peat layer is mixed and turned by spoon harrows until the harvesting moisture of

40-50 percent is reached. The number of harrowings necessary obviously depends on the
weather, 2-3 daysis commonly sufficient, but in unstable weather it can take weeks.

Ridging

The milled peat is collected into one pile or ridge in the centre of each field.



Harvesting

The peat is put into stockpiles. Three methods are used, the Peco, Haku and Harvester
methods (Fig. 34).

a. In the Peco method, the peat isfirst collected into ridges along the length of
thefields at 10-20 m intervals. The ridges are then moved sideways by a
self-loading 10-20 m long transporter onto stockpiles at 100-400 m intervals.
Stockpiles can be as long as 0.5-3.0 km, depending on the length of the fields,
and are 4-6 m high but having a small cross-section of 20-40 m2. The milled
peat can be transported to the margins of the bog by special vehicles or a narrow
gauge railway.

b. In the Haku method, the ridges are loaded by Peco type transporters on to bog
trailers and carried to stockpiles which are often sited next to aroad. These
stockpiles can have a volume of 10 000-50 000 m3 with a height of 15 m.
Because of tight compaction the temperature seldom rises over 50°C and the risk
of fire or self-ignition islow. Tropical conditionswill no doubt give ahigher fire
risk than that prevailing in temperate regions.

c. The Harvester method uses self-loading trailers or harvesters to collect the
peat and carry it to stockpiles at the end of the fields. Stockpiles are smaller, 6-8
m high and with a volume of 2 000-3 000 m3. Because the material isloosely
piled there is a danger of internal combustion.

The choice of harvesting method depends on the peatswamp, peat quality, demand and type
of machinery available. Harvesting can also be carried out pneumatically and in this case
5-15 ton/ha can be harvested daily in thin layers from the dry upper part of the milled peat.
The economic feasibility of each method should be assessed for each swamp individually.

Milled peat is commonly used for fuelling large power stations of up to 120 MW and as araw
material for briquettes. The number of harvests ayear depends on the climate. In Ireland,
where there is an annual production period of 4-5 months there may be 12 harvests, whilein
Finland with a shorter but consistently drier production period 16 harvests may be collected.
In the tropics there would undoubtedly be many more. In the experience of the author, good
milled peat could be obtained after only 3 hours of intense drying in Kalimantan, Indonesia.
The scale at which milled peat must be produced at these drying speeds is an obvious
constraint. In contrast with manual and semi-mechanized sod peat production, which are
labour intensive, milled peat production requires high capital investments.
Manually-produced milled peat may be recommended in tropical regions where the supply
and cost of labour is not limiting (Plate 13).

The main constraints on milled peat production in the tropics are:

a. Wood contents of up to 50 percent asin the coastal lowland oligotrophic peats
of West Kalimantan, Indonesia

b. Unstable weather making mechanical harvesting uncertain.

c. Self-combustion. In the tropics moisture content of the peat may fall below 40
percent, which may cause the peat to disintegrate into dust. This material can



explode when reaching the power station.

Figure 32. Manual method of cutting sod peat (source Unger 1981)
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Figure 33. Excavation toolsfor preparation of sod peat
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Figure 34. Production layout for milled peat according to the Haku and Peco stacking methods
(sour ce Lindstrém 1980)
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9.5 Peat Extraction and Land Use Planning

9.5.1 Rapid disposal

9.5.2 Slow disposal

9.5.3 Effect of peatland distribution

9.5.4 Reclamation of freshly exploited peat deposits

In connection with peat extraction there remain a number of issues to be discussed related to the planning
of present and future utilization of peatswamps. Some brief remarks on the relevant basic considerations
are made.



Plate 13. Manually prepared milled peat on an experimental scalein coastal basin peat in West
Kalimantan, Indonesia

During the planning of peatswamp development choices have to be made between the various possible
uses. Firstly, peatswamps can be reclaimed for agriculture, for peat extraction or for a combination of the
two. Secondly, it is possible today to devel op peatswamps for peat extraction followed by agriculture on
the cut-over peatland. A third possibility isto opt for preservation in the natural state or to abandon the
cut-over peatland and let it revert to near-natural conditions, and the possibility of renewed peat formation.
Any plan using these options should be considered in relation to national economic factors. Extraction
causes rapid diposal of peat. Under agriculture slow disposal is usual.

9.5.1 Rapid disposal

The view is held that since peat will, in time, decompose, oxidize and disappear when used for agriculture,
why not profit from it by excavating and selling it. Such views are justified if the underlying mineral
substrate produces soils of excellent quality for agriculture, and present day economic factors are
overruling. It isfurther justified if the peat is oligotrophic so that fanning will never be economic.
However, the physical conditions of the cut-over peatswamp may be such that drainage required for
agriculture will be difficult and costly to provide. Therefore before such a decision is taken the feasibility
of these options should be carefully studied.

9.5.2 Slow disposal

Extraction of peat will either be subsequently followed by agriculture or not depending on the nature of
the underlying material and the hydro-topographic conditions prevailing after extraction.

In the case of planned agricultural developments after excavation it isimportant to consider leaving a
certain thickness of organic materials over the mineral substrate. Thisis particularly necessary when
substrates are infertile sands. The incorporation of decomposed organic material into the coarse textured
mineral materials will improve structure, water holding capacity, and general growing conditions. It may
be advisable to opt for high water-tables to preserve the thin layer of peat on the mineral subsoil and in
such cases land use has to be carefully chosen. In many of these cases pasture has to be recommended.

9.5.3 Effect of peatland distribution

The natural conditions of peatswamps and their specific locations play akey rolein decisions regarding
possible land use. Peatland is often associated with remnants of river terraces underlain by infertile sands.
In the tropical lowlands of South East Asia this combination is widespread. Coastal peats in lagoons often
border infertile dune sands or old beach ridges. Peats here could be used as soil improvers and a peat
excavation industry could be created. Transport costs though are high and it is doubtful whether peat
contributes much to the fertility of these sands. Irreversible drying of the peat lumps if allowed would not
improve structure, whereas oligotrophic peats would not improve the chemical fertility of the sands.
Generaly in small inland valley peatswamps, surrounded by infertile mineral soils, it is more economical
to reclaim the swamps for fodder grass and to use the manure produced by the cattle to fertilize and
improve the soils of the neighbouring hills, than to excavate the peat and transport it to the hills. This kind
of land-use planning attempts to integrate the potential of both the peatswamp and the adjacent land.
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Similarly, the large coastal lowland peatswamps of South East Asia are commonly fringed by thin peat
and a belt of mineral materials forming river levees. A combination of agricultural activities on the
mineral soils and shallow peat coupled with extraction of the peats thicker than 2 misa possibility. The
areas of deep peat after excavation to a minimum thickness of 1 m could be then used for agriculture or
silviculture. The sustainability of drainage has an important bearing here.

In countries with meagre resources of arable land the agricultural use of peatswamps should take
precedence over peat extraction, particularly where located near large centres of population. In such cases
valuable arable land is under pressure from urban and industrial sprawl.

9.5.4 Reclamation of freshly exploited peat deposits

The reclamation of newly exploited and cut-over peats for agricultural use requires methods which are as
yet untried under tropical conditions. In western Europe, cut-over bogs have been brought into cultivation
for over a century, but most are of the high moor type where gravity drainage is no problem. Experience,
however, indicates that it is highly desirable to leave at least 0.5-1.0 m of peat overlying the minera
substrate, or to incorporate this in the underlying mineral substrate. In the tropics lowland bogs are
commonly underlain by potentially-acid sulphate materials, and the soils lack sufficient buffering capacity
to neutralize the acids formed. Such conditions should be identified at an early stage in planning.

The option to leave peatswamps untouched and in their natural state, or allowing them to revert to a
natural state after peat extraction is more appropriately discussed in Chapter 10.
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