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A CONCEPTUAL APPROACH TO PEAT AND PEATLANDS 
FOR DEVELOPMENT1 

 

Tejoyuwono Notohadiprawiro 

 

ABSTRACT 

Peat can be treated as material or as land. As material it is mined for energy, for 

growth substrate for seedlings, or for Boil amendment.  From this point of view peat is a 

non-renewable resource. For energy it is a fossil resource like coal or natural oil and gas. 

As land peat constitutes grounds to grow crops or to be settled. To grow crops peat 

deposits should be treated like soils which includes improvement and maintenance of 

fertility and conservation. 

The material and land perceptions lead to mutually exclusive uses of peat. The 

control of these conflicting uses coming forth from competing interests calls for a land use 

policy based on a technically sound and socioeconomically acceptable land use planning. 

As a source of energy peat may have a competitive value where other conventional 

sources are lacking locally, or when the transmission into the area of the elsewhere 

generated energy is too expensive to be paid by the local consumers. Otherwise peat would 

be best reserved for the other uses for which peat has certain values not readily substituted 

for by other sources. 

Suitability criteria of peat for the different uses have to be defined as they are crucial 

for the best allocation of peat for development. The possibilities of actuating compensation 

effects among the different uses should be explored. These considerations should be within 

the national framework of the utilization of land, based resources towards sustainable end 

equitable benefits. 

 

INTRODUCTION 

This paper is primarily referring to the Indonesian situation. Nevertheless, some 

ideas drawn from the cases may have a broader application to similar situations found 

outside Indonesia. 

So far no figures are available of the true extent and distribution of peatlands in 
                                                            
1 Presented at the IPS-BBPT-UGM Symposium on tropical Peat and Peatlands for Development. Yogyakarta, 
Indonesia, February 9-14, 1987. 
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Indonesia. Proper inventory has not yet been made, and different criteria used result in 

incomparable estimations. By the definition of peat soils which should have a peat layer 

thicker then 50 cm and contain more than 659 organic material, the approximated extent of 

lowland peat is 17 million hectare (Soepraptohardjo & Driessen,1976; Driessen & Sudjadi, 

1984). In 1983 Euroconsult reported an estimate of 8.8 million hectares of coastal and near 

coastal peat of two or more meters thick (Radjagukguk, 1985). 

The major distribution areas are the eastern coastal lowland of Sumatra, the western, 

southwestern and southern coastal lowlands of Kalimantan, and the northwestern and 

southwestern coastal lowlands of Irian Jaya. There are relatively inextensive and scattered 

areas of inland peat. One sizeable area of inland peat exists in the interior of Central 

Kalimantan. The Dieng Plateau in Central Java at an altitude of round 1,000 meters 

consists of highland peat. 

So far peatlands as part of estuarine flats are exclusively user for agriculture and 

rural settlements. These are also true for the inland peats of Central Kalimantan. Farming 

on peat dated back to some 60 years ago. 

 

THE USES OF PEAT AND PEATLAND 

Only in the late 1960s tidal swamplands come to the keen interest of the Government 

of Indonesia (GOI) for agricultural expansion, especially for lowland rice. Since then some 

500,000 hectares have been cultivated mainly by transmigrated farmers from Java and 

Bali. Initially they were used. for rice, but later on for other food crops as well, and even 

for tree crops, upscale coconut and jackfruit. Besides rice, rubber has been the traditional 

crop of the indigenous cultivators of tidal lands in Sumatera and Kalimantan. Recently 

some big state owned and private agricultural enterprises operating in Sumatra are starting 

to establish oil palm plantations on peatlands. Similar operations have been done earlier in 

Malaysia with reasonable success. 

The GOI plans to embark on a large-scale project of reafforestation and 

establishment of timber estates. Previous studies have shown that Indonesian peat a are 

suitable for container medium in forest tree. nurseries (Radjagukguk, 1985). As peat 

medium for seedlings has certain important advantages over other media, it can be 

expected that in the near future much peat deposit in Indonesia will be harvested. With the 

success in forestry it may become attractive for horticulture to join in peat exploitation. 

Peat mining may be enhanced further by the fact that peat has been proven useful also for 
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soil amendment (Moore & Bellamy, 1976). A large part, if not all, of Indonesia’s 50 

million hectares of ultisols may need this sort of treatment. 

Another reason for peat harvesting is the extraction of fossil energy stored in peat 

material. The utilization of this energy resource in Europe as a domestic fuel is of 

considerable antiquity. For instance, 70% of the peat harvested in the U.S.S.R. is presently 

used to power 70 of its electricity generating stations (Moore & Bellamy, 1976). Based on 

its findings in West Kalimantan a Dutch mission to Indonesia has indicated that for the 

production of electricity peat is clearly competitive compared with diesel fuel (Jansen & 

Koenders, 1986). 

Peat still has several industrial and chemical uses. Boards or bales of compressed 

peat are used for thermal insulation. Peat can be processed to yield low molecular weight 

carbohydrates providing a useful growth medium for yeast which can then be used for 

fodder. It can produce ammonia, ethanol, furfural, waxes, bitumens, resins, oils, and 

activated charcoal. The latter has been used to combat environmental pollution. In Austria 

and Czechoslovakia peat is much used for balneotherapy (Moore & Bellamy, 1976; 

Malinka & Mangan, 1981). 

 

PEAT AND PEATLAND AS RESOURCES 

The multitude of use possibilities of peat which some of them are mutually 

exclusive, can easily complicate greatly land use allocations. Further more, peat harvesting 

leaves permanent, prominent changes in the landscape which may derange the natural 

balance, especially the hydrological cycle. Peat deposits function like a sponge, retaining 

the excess superficial water. The mining of peat also alters the relief of the terrain. The 

decrease in retention capacity and the change in terrain form will eventually lead to the 

intensification of inundation or overland flow. Obviously the environmental impact of 

mining is tremendous. By exploiting it, peat becomes a non-renewable resource. 

The competing interests behind the different uses of peat may prompt a power 

struggle. The first to suffer under such a struggle will be the environment. Environmental 

deterioration in turn will generate a more agitated fight for seizing better opportune lands 

still remaining (Notohadiprawiro, 1986). 

The advocates of peat for energy allegedly pronounced that Indonesia’ s peat 

reserves of 8.8 million hectares and two or more meters thick contain exploitable energy 

equivalent to 65 BBOE (billion barrels of oil equivalent). In comparison, known oil 
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reserves of Indonesia is estimated at only 10 BBOE (Shell International; Karkkainen et 

al.,; cit. Radjagukguk, 1985). Adding to the excitement another report estimated that if peat 

of one meter or less thick be allotted to farming, the total calorific value of Indonesia’s 

peat is equivalent to 5,000 billion cubic meters of natural gas (Jansen & Koenders, 1986). 

By itself such a report became instantly attractive for a country like Indonesia whose 

economy is leaning heavily on the export of natural oil and gas. 

But there are other things this country needs to be concern with. The food security 

matter for its 168 million people stands always out. Unlike peat miners who see in peat a 

workable deposit, farmers see in it a growth medium for their crops. The latter means that 

sustainability is the keynote of development. The farming community needs also to be 

taken care of, whose members  constitute round 55% of Indonesia’s total population. By 

their great number and mostly living at the subsistence level, they form an economic 

burden of the nation (heavy subsidies on production costs and prices of produces), and a 

sensitive factor of social stability. These call for equity as a basic element of development. 

Thus peatlands have an important role to play, not only within the framework of the 

development of the national economy as a single aggregate, but also to a not lesser extent 

within the multi-facet context of development. This means that the proper utilization of 

peat resources has to be defined by the collective growth and development of certain 

representative socioeconomic aggregates. In order not to disadvantage the subsistence and 

landless farmers, they should be endowed with a fair share of the benefits from a 

resource’s absorptive capacity for productive investment. These people compose the grass 

roots problems of the nation, and their plight is truly a humanistic concern. If these 

socioeconomically fragile population groups are bypassed by the national mainstream of 

development, they will easily become a political consideration. A seminar on The 

Importance of Bypassed Areas in Asian Economic Development agreed that political 

neglect and inappropriate investment strategy are two of the major factors contributing to 

differential access to any publicly or privately provided input (Hemmi & Atsumi, 1982). 

Subtracting the 8.8 million hectares of potential peat for energy from the total of 17 

million hectares, the total peat area potential for agriculture can be estimated at 8.2 million 

hectares. Many studies carried out in Sumatra (Koswara & Rumawas, 1984) and 

Kalimantan (Notohadiprawiro et al., 1979; Noorsyamsi et al., 1984) have shown that in 

general 74% of the potential areas are suitable for rice. With medium technology applied 

after some years of initial reclamation period the average yield of rough rice is 4 Mg ha-1 
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yr-1 with double cropping. The thinner the peat and the more advanced the decomposition, 

the better the yield potential. Research on cropping systems in Barambai, South 

Kalimantan, on peat of less than one meter thick demonstrated that with low and medium 

inputs non-rice food crops may yield 7.7 and 8.8 Mg ha-1 of rice grain equivalent, 

respectively. The low input cropping system had a better b/c ratio of 2.52 (Anwarhan, 

1985). 

In terms of rice the annual production capacity of the peatlands of Indonesia can be 

estimated at 0.74 x 8.2 million x 4 Mg = 24.3 million Mg, which is about the whole current 

domestic demand. On the assumption that a two hectare food crop farm can provide a 

farmer family with a living of 30% above subsistence, the peatlands of Indonesia have a 

potential carrying capacity of 4.1 million families of farmers or 20.5 million people. This is 

round 22% of the farming population. 

Malaysian experience proved that with proper water management peat is suitable 

for the production of many annual crops, especially vegetables. Among the other possible 

crops are the industrial crops kenaf and jute, and the food crop sugar cane. Coffee has also 

been cultivated extensively on peat of 1.5 - 3.0 meters deep. The most suitable crop that 

can be grown economically on deep peat is pineapple. In the south-western part of 

Malaysia 20,000 hectares of peat are planted with pineapple (Tay, 1972). Similar oases 

with vegetables and pineapple are also found in Indonesia. The deep peat of the Kapuas 

Delta west of Pontianak in West Kalimantan is known for its tasty pineapples. 

Considerable efforts have been made in Minnesota (U.S.A.) to work out a system 

of energy production in peatlands without exploiting the peat. For this purpose so-called 

bio-energy crops are grown on peat lands to produce biomass as a source of energy. The 

starch, sugars, and cellulose found in it can be used to produce usable energy through 

direct combustion, gasification, or conversion to liquid fuels. Peatlands are well suited for 

energy cropping. In contrast to peat mining which represents an extractive, non-renewable 

production of fuel, energy crops represent a renewable use of the peatland environment. It 

is therefore an attractive alternative energy source. Sedges and reeds are among the various 

kinds of plant that can be used (Dubbe et al., 1981; Malinka & Mangan, 1981). 

 

PEATLAND USE PLANNING 

Peatlands, especially when occurring in tidal swamp areas, exist in remote locations 

in terms of ease of access to market, and to centers of political power and economic 
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activities (remote location as viewed by Hemmi & Atsumi, 1982). According to Asmussen 

(1981) peatlands naturally offer little economic diversity. The fundamental objectives of 

peatland development should then be the improvement of accessibility, the development of 

local employment opportunities, and the promotion of diversified enterprises. 

Peat is a composite, multicomponent, polyfractionate system (Radforth, 19 ). It is 

derived mainly from vegetable remains and so its characteristics are strongly time 

dependent. As peat is more a mixture of a variety of substances than a combination of 

parts, it is difficult to get a representative evaluation of its suitability for a given use. A 

peatland may have in one place suitable properties for one kind of use while at a short 

distance away the properties just fit a different kind of use. Even in a hand specimen the 

properties can be quite different from one part to the other. Mother fact is that peatlands 

are intricate ecosystems, their existence are strongly controlled by hydrology, so that the 

system is easily disturbed by exogenous influences. The ecosystem is changed completely 

when peatland comes into the sphere of economical utilization by water controlling, 

clearing, cultivating, chemical amelioration, and peat harvesting. Because hydrology is the 

integrating force within a peatland system, the effect of use impact on one area can be 

easily transmitted to other areas. For example, even if it will be possible to allocate 

different areas for peat mining and agriculture, the effect of impact of mining will go far 

beyond its operational boundaries and sooner or later will hit the agricultural area, as far as 

the two utilization types belong to the same hydrological province. 

For those reasons application of the multiple-use principle to peatlands incurs 

considerably greater difficulties than in the case of ordinary forest lands. By the same 

token non-consumptive uses should be strongly encouraged, and renewable uses should be 

preferred to consumptive or non-renewable uses (Malinka ê Mangan, 1981; Ruuhijërvi, 19  ). 

Supardi (1984) suggested that peat mining for energy be integrated into agriculture 

land development in the sense that the depth amendment of deep peats to suit agricultural 

purposes would be considered during harvesting operations. He also proposed to restrict 

the truncating depth in order not to enhance flooding by high tides. Preventing the increase 

in flood intensity, however, is not that simple. Harvesting the peat means always the 

reduction of the field water retention capacity of the peatland, so that inundation by rains 

may still be aggravated. Adequate drains have to be provided to compensate for the loss of 

pert of the land’s water holding capacity. 
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SUITABILITY EVALUATION OF PEAT AND PEATLANDS 

Land use planning needs strong conceptual and factual foundations, scientific, 

technical, economical, sociological, as well as political. The scientific basis and its 

technical interpretations are the first to be considered as they link land use directly to the 

natural facts of land. The technical basis consists of a set of suitability criteria for each 

kind of use. For peat and peatland they are not yet well defined, especially in relation to 

tropical conditions. But some of them seem to be adequate for inventory purposes. They 

are as follows: 

1. Energy (Flood, 19 ; Radforth, 19 ; Suoninen, 1982): 

a. Degree of decomposition moderate to high, according to Von post scale at least H3 

(about 15% decomposition) but H6 - H8 are best. 

b. Ash content 10% or less, and anhydrous ash content not exceeding 5%. 

c. Wood content maximum 8%. 

d. Sulphur content maximum 0.3%. 

e. Average depth of peat deposit at least 2 - 3 meters with reasonably level bottom 

contours. 

2. Growth medium for ornamental plants in glass houses, for horticulture and forestry 

nurseries, or for soil amendment (Haber, 1972; Hargitai, 1972; Puustjärvi, 1982; 

Suoninen, 1982): 

a. Biological activity not too high. 

b. Very slightly humified or not humified, meaning low degree of decomposition, 

H1- H3 on Von Post scale. 

c. Comprises largely of particles greater than 0.5 mm. 

d. The proportion of woody material should not exceed 3% w/w. 

e. Durable structure against settling and compaction. 

3. Crop production (Farnham, 1983; Notohadiprawiro et al., 1979): 

a. Degree of decomposition moderate to high corresponding to hemic and sapric 

types. Acceptable fiber content 15 - 66% for favorable structure and stable surface 

soil. 

b. pH (H20) of surface soil 5.0 - 7.0. A pH below 5.0 but not less than 4.0 is still 

permissible. Tropical crops are more tolerant to soil acidity through natural 

selection and adaptation. 

c. Bulk density 0.1 - 0.3 g cm-3 for better drainability but not excessive. 
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d. Thickness of peat layer more than one meter but not more than two meters. 

Most shallow organic soils will tend to shrink as the organic matter is oxidized. 

Thicker organic soils can also be more easily ditched or tiled to provide drainage. 

If the peat is too thick, however, its degree of decomposition is usually too low. 

e. Underlying mineral soil loam to clay. This is particularly preferred if the surface 

organic soil is very thin, provided that the bottom loam or clay soil is not an acid 

sulphate soil or a potential one. 

f. Available water in the upper 30 cm is 30 - 70% v/v which is maintained by field 

water levels of 45 - 75 cm below the soil surface. This is also to minimize 

subsidence losses and to prevent acid sulphate weathering, if any, due to 

oxidation. 

g. Salinity very low to low. Rice is more tolerant to salinity and can stand ECs up to 

4 mS. 

h. Relief of peatland slightly sloping with slopes of 0.05 - 0.1%. on such areas 

detrimental flooding is not usual it drains are installed prior to development. 

i. Frequency of flooding none to slight if upland crops are to be grown. pH 

correlates strongly with nitrogen and ash contents (Radforth, 19 ). 

This may indicate that very acid peat and therefore low in ash and nitrogen should 

better be reserved for energy. In fact, such a peat has a low agricultural value. Slightly acid 

to neutral peat should be allocated to agriculture, for nursery medium, or for soil dressing. 

Tentatively the pH class differentia could be placed at 4.0. Peats with a pH of less than 4.0 

will be for energy, while those having a pH of 4.0 or higher should be reserved for plant 

production, if the other differentiae can meet the respective requirements. 

Much study is still needed to compose a reliable and comprehensive classification 

system, sufficiently detailed but still simple enough for field application without the 

absolute necessity of a laboratory support. Without such a classification system the proper 

inventory of peat resources cannot be achieved. Good inventory maps of all land based 

resources are indispensable to land use planning. 

There are still the economical, sociological and political aspects of land use 

planning. These will not be discussed in this paper as they are left to other, much more 

competent people to do so. There is one thing though that merits mentioning here. Land 

use planning needs a legal basis to spell. out directions and to formulate policies. It is 

utmost important to determine resources utilization upon strong legislation and regulation, 
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which is especially true for delicate resources like peat and peatlands. It must be stressed 

that all economic activities, including those which can be duly expected to result in similar 

disturbances, using or involving peat and peatlands must be preceded and monitored by 

trustworthy environmental impact assessments. 

This is not only for the sake of peat and peatlands themselves as part of our 

heritage. It is for the sake of the survival of the whole of Indonesia as a nation. Is our 

ambition to squeeze energy out of our peatlands so demanding that we are prepared to 

consume 10% of our soil resources and endangering many more by disordering hydrology? 

Are we satisfactorily sure that what peat energy can give to us is much more valuable than 

what we can give to the millious of poor ladles farmers and their families by developing 

peatlands for crop production? 

To quote Baffey’s (1975) comments on Minnesota’s new look at peatlands, 

The unknowns loom just as large as the possible benefits. What effects would tearing up 

these ........ peats cause? For a few decades of fuel, the cost could conceivably be great. Land 

levels lowered 3 to 6 meters may increase flood problems ....... Changes in water quality, 

vegetation, and wildlife are all unknowns. Much of the land’ s potential agricultural value 

could be lost. 

 

 Although the comment is already 12 years old its message is still highly relevant to 

the case everywhere today. In fact, it should stir more concern among responsible people in 

developing countries, where progress and development are frequently compared to quick 

profit rather than to sustainable and equitable benefit. 

It stands to reason that in the attempt to use peat for energy we must proceed 

carefully and consider every possible consequence to the peatland itself as a resource and 

to the environment as well. Economically - speaking, peat as a source of energy may have 

a competitive value where other conventional sources are lacking locally, or when the 

transmission into the area of the elsewhere generated energy is too expensive to be paid by 

the local consumers. Otherwise peat would be best reserved for tie other uses for which 

peat has certain values not readily substituted for by other resources. 

Economic profit is only one of the objectives of allocating a resource for a certain 

use. In planning growth and development we are required to think in macro terms. But to 

make a plan workable at the programming stage, we need to elaborate it at the micro level. 

At this level where we are dealing with the real actors of growth and development 
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(farmers, workers, city dwellers, etc.), the non-economic aspirations may become 

prominent. If peat for energy stays in the macro scenario of development, it only enlarges 

the gap between the privileged and the underprivileged citizens. Peat powered electricity 

plants, if technically feasible and environmentally acceptable, should in the first place 

serve email holding farms and the rural poor. Only then peat for energy will become a  

valuable concept. 
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