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INTRODUCTION
 Coal has been a major energy source since the industrial
revolution. Coal accounts for around 25% of total global primary
energy. However, utilization of coal as an energy source involves the
generation of a great amount of coal fly ash, and the recycling rate
of the ash is rather low. The global amount of coal fly ash emitted
from thermal power plants is over 500 million tons per year (Manz
1997). And the global recycling rate of coal fly ash is about 15%
(Claus 1994). Japan is one of the major coal importing countries in
the world. As a consequence of its use, it is estimated that
approximately 9.9 million tons of coal fly ash is produced every year.
(Center for coal ash utilization 2005). Furthermore, few uses exist
for the tonnages produced and the disposals of coal fly ash become a
significant problem. In present context, paper industry faces a
growing solid waste problem as environmental regulations, which
become increasingly stringent and land fill space grows scarcer.
Additionally, paper factory waste is a rich source of carbon ,which
improves soil organic matter contents, water holding capacity, soil
structure and bulk density (Zhang et al.1993:Simard et al.1998).
Therefore, an attempt was done to develop and study the utilization
avenues for unconventional coal fly ash–paper waste synthetic
aggregates by using coal fly ash and paper waste with starch waste
as a binder.
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Materials utilized to produce aggregates

Developed synthetic aggregates had an alkaline pH,high EC,high cation concentrations,
low bulk density, high water holding capacity, low heavy metal content, higher aggregate
strength, and larger mean weight diameters.

 OBJECTIVE OF THE STUDY
To evaluate the characteristics of the coal fly ash–paper waste synthetic
aggregates and their different possible utilization ways in agriculture to
improve crop production.



Field experiments

Utilization as a potting media with oil palm waste

Addition of aggregate 15% at field level gave the best maximum growth and yield parameters of
sweet potato and sugarcane and enhance the physical and chemical properties of the soil.

A mixture of synthetic coal fly ash – paper waste aggregates with oil palm
waste at the ratio of 1:10 as a container substrate gave the best maximum
growth and yield parameters of ornamental plants such as French Marigold
and Cosmos. Aggregates palm waste 1:10 mixture gave best physical and
chemical parameters, which were in the range of ideal substrate.

Utilization as a soil amendment to low productive acidic red (“Kunigami Mahji”) soil

Addition of aggregate 10-30 % gave the best maximum growth and yield
parameters of Italian Rye grass and Soy bean and enhanced the physical
and chemical properties of the low productive acidic red soil in Okinawa,
Japan.

Pot experiments
 (i) Komatsuna  production

 Utilization of synthetic aggregates as a fertilizer

Komatsuna cultivation using fertilizer aggregates
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(B) Different utilizations of developed aggregates

      Comparison of different treatments
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Addition of 25% of aggregates to acidic red soil gave the best maximum growth and yield parameters of
komatuna and enhanced the soil physical and chemical properties.

Synthetic fertilizer aggregates can be developed by using coal fly ash and paper waste with ammonium
sulfate, which is resulted from the process of entrapping carbon dioxide originating from coal combustion.
These aggregates remained longer time period under the buried soil with out degrading much compared
with the commercial granular fertilizer. At the end of the 50 days of buried time 60% of aggregates were
still remained while the that amount in commercial granular fertilizer was 6%. In addition, synthetic
coal fly ash – paper waste aggregates can be successfully  utilized as a chemical fertilizer replacement,
which also enhanced the physical and chemical properties of the soil.
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