Temesi Composting Technology

1. Background and Definition

Nature has generated compost on the earth's surface for about 400 million years. Compost supports the
formation of humus, part of the fertile top soil that facilitates plant growth.

Composting is not a high-tech process, but nevertheless, large scale aerobic composting involves some
technological challenges that are addressed in this paper.

Europe and the USA have a convention that only the product of aerobic decomposition can be called
compost. Anaerobic products are of inferior quality and may only be called soil conditioners. Hopefully,
Indonesia also accepts this convention.

2. Composting Theory

The production of compost occurs by the interaction of microbes with organic material, oxygen and
water. Because composting is an aerobic process (needing oxygen), it can only occur when enough air
is available. If layers of organics are thicker than about 60 cm, the decomposition process becomes
increasingly anaerobic (without oxygen).

The criteria to keep the composting process aerobic are an oxygen content of more than 6% and a water
content of 40 to 60%. Below a content of 6% oxygen and over 60% water the process becomes
anaerobic. Below 40 % water content microbial activity stops.

During the composting process about 65 % of the organic material is digested by microbes. Glucose
(CeH4206) is commonly used as a model for the aerobic microbial decomposition:

CeH1206+6 O, > 6 CO, + 6 H,0 (product = carbon dioxide and water)
The remaining 35 % of the organic material is not digested and results in compost. With the help of
oxygen, microbes produce first highly soluble and colored fulvic and humic acids that react later to less
soluble humic compounds, the basis of humus.

The anaerobic decomposition follows the following process:
CeH1205 > 3 CO, + 3 CH4 (product = carbon dioxide and methane)

The prevention of methane, which is 21 to 23-times stronger as greenhouse gas than carbon dioxide,
makes aerobic composting eligible as a Clean Development Mechanism (CDM).

3. Research into Composting Technology

As mentioned above, air and thus oxygen can aerate composting organics only in layers up to about 60
cm. This passive aeration is generated by heat convection and oxygen dissociation. Therefore, such
passive aeration is not suitable for large compost piles. This is why the Gianyar Waste Project has
chosen an active forced aeration process, where air is forced into the composting material with help of a
system of blowers and perforated pipes.

Traditionally composting is done in windrows, which is a discontinuous batch process. Because compost
piles must be turned about weekly to be watered and mixed, windrows require a lot of space. To protect
windrows from heavy rain in Indonesia, they must either be covered with a roof or semi-permeable
covers, both are expensive. The Gianyar Waste Project is investing time and funds to develop a more
efficient semi-continuous process.



To improve the composting technology, the Gianyar Waste Project conducts research since 2004 and
focuses on the following topics:

Optimal pile size and shape to take advantage of economies of scale
Optimal system for forced aeration to reduce operating cost

Active moisture control to reduce the frequency of turning the piles
Reduction of processing time and thus increasing capacity

This ongoing research resulted in the table composting system discussed below.

4. Table Composting Technology

The project is faced with the challenge to process daily 42.5 tons of organic matter into high quality
compost. Aerated composting can be done in windrows or in a table pile as depicted below. Windrows
need a lot of space and have the disadvantage of a two-dimensional airflow, when aerated from a central
air pipe. In such windrows, air speed and supply decrease 20-fold with every meter distance from the
pipe. Composting tables need less space and have a one-dimensional laminar air flow, resulting in more
homogeneous pile conditions. In the Gianyar, the compost table is 3 to 4 m high, 30 m wide and 60 m
long.

Compost tables also have the advantage that they allow a semi-continuous composting process, while
windrow composting is a batch process. By the regular turning of the compost table, the organic matter
is moved from one end where new shredded organic matter is added and to the other end where the
finished compost can be removed. The project team evaluated both alternatives and decided clearly for
table composting based on space required, investment and operating cost. The graph below, illustrates
the semi-continuous table process. The attachment at the end shows the layout of the composting plant.
There the aeration system with the blower, duct and the 2 m apart perforated pipes can be seen.

For the periodic turning of the compost, three alternatives are available and tested:

1. Manual Turning: Very slow but job creating. The compost table is turned manually with handheld
tools. We use this method until another one proves to be better.

2. Using a Front Loader: Very quick but uses expensive equipment. The organics tend to be
compacted, which is not desirable as it increases the aeration back pressure.

3. Using a Pneumatic Conveyor: Relatively quick and cheaper than front loaders. Results in a fluffy
compost table, which is desirable and might become the method of choice.

While the project favors the job creating manual turning, time and economic consideration may dictate
turning with a front loader or a cheaper pneumatic conveyor.

To support an optimal microbial activity, the moisture content must be kept between 40 and 60 % and a
temperature of about 65 °C should be maintained as long as possible. However, during the whole
process an oxygen content of at least 12 % will be assured, because the process turns anaerobic below
6 % oxygen. The microbial digestion produces heat. Blowing air into the compost table also serves to
cool it to the optimal 65 °C as long as excess heat is produced. However, this also removes moisture.
Therefore, the compost table must be turned, mixed, watered and loosened up periodically. The project
has all the necessary instruments to measure temperature, water and oxygen content electronically. In
the facility's laboratory, all relevant compost quality parameters can be analyzed.

The air requirement is very high (average about 6.0 m® air per hour and m® organic matter) during the
first composting phase of about 90 days while the organic matter is digested. When the compost is
curing during the second phase of about 90 days, the air requirement drops quickly (to about 0.6 m* air
per hour and m® organic matter).

During the whole processing cycle, the organic matter is shrinking. Shredding reduces the volume of the
delivered organics to about 53 %. This volume decreases again to about 23 % during composting.
Therefore, the finished compost has only about 12 % of the volume of the delivered organic waste. The
weight also drops to about 45 % Thus, the daily 42.5 tons or 183 m® of organic waste are processed into
18 tons or 39 m? quality compost.
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5. Technology Transfer

The technology chosen for the Gianyar Waste Project is a decentralized low tech solution with low
investment and operating cost. The project goal is to create a model that can be copied all over
Indonesia or even South-East Asia to solve waste problems. Especially if replicated on existing landfills,
this approach can eliminate the inherent problems and hazards of existing landfills and therefore will be
welcomed by the population.

Composting organics in an aerobic process on this scale is a new technology for Indonesia. The policy of
the project is to source all equipment locally, which requires the transfer of technology for solutions not
yet implemented elsewhere in Indonesia.

Locally manufactured equipment reduces the cost and problems associated with importing them.
Furthermore locally produced equipment allows easy modifications and repair. The technology transfer
was implemented with local machine manufactures and concerned new designs as well as improvement
in design and construction materials of existing designs:

1. Shredders for Organic Waste:
The scale of the project required shredders with a capacity not yet produced locally.
Improvements in materials, noise abatement and safety were introduced. Solutions are still being
explored to reduce the energy consumption and thus operating cost.




Compost Sieves:

A new concept for compost sieving was introduced leading to a new non-conical and self-
cleaning design with improved construction material that increases the operational life and the
capacity, while reducing maintenance.

Air (Oxygen) Delivery System:

Reducing back pressure and thus operating costs is essential for a low cost operation. Research
revealed that corrugated air delivery pipes with perforations in the grooves (as used for draining

wet land), result in the lowest back pressure (about 200 Pa). This novel approach allows the use
of axial blowers which, compared with commonly used centrifugal blowers, are much cheaper in
investment and operating cost.

Pneumatic Conveyors:

An old pneumatic conveyor used on a Swiss farm was imported to serve as model for local
manufacture. Such pneumatic conveyors make the handling of organic material on a scope of
over 6,000 m*® much more efficient. Pneumatic conveyors are cheaper in investment and
operating cost than front loaders and result in less densely packed compost tables, thus reducing
back pressure.

Flow Meters:

Adjusting the airflow is essential in forced aeration composting. With help of foreign partners, the
project developed flow meters for a wide range of air flow that can be manufactured and
calibrated locally at a about 5 % of the cost of imports.

Research and Development (R&D):

Cooperation with the Swiss Institute of Technology in Zurich as well as with large scale Swiss
composting facilities significantly improved the quality and result of the R&D carried out since
2004. The cooperation consisted of mutual visits and the fielding of a Swiss student, who did his
master thesis in the research facility.

Analytical Support:

The Swiss Institute of Technology also analyzed raw materials and finished products for
hazardous pollutants like dioxins, PCB, PAH and heavy metals to assure a safe product. Levels
of dioxin, PCB and PAH found in Gianyar organics were mostly at only 10 % of average Swiss
levels. However, heavy metals were above average Swiss levels. All analyses results were below
the very stringent Swiss maximum levels.

Cross Semination:

Project visitors from foreign countries like Environmental Ministers and Ambassadors met with
the local Government, which led to cooperation in environmental education and other issues like
handicraft and cultural exchange.

Handbooks on the technology will be developed and posted on the internet to facilitate replications of the
Gianyar model. They will cover all aspects concerning planning, construction and operation of a large
scale compost facility as well as marketing solutions. The know-how gained will also be disseminated in
a series of already funded workshops on Java and Sumatra. The project's new "Theme Park for
Alternative Energy and Waste" next to the composting plant will also transfer know-how to visitors and
especially to students.

Attachments: 1. Gianyar Composting Plant Layout

2. Trapezoid Composting Scheme
3. Typical Batch Protocol



Attachment 1: Gianyar Composting Plant Layout
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Attachment 3: Typical Batch Protocol
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