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A small-scale biomass power plant for rural communities with maximum electrical
output of 100 kW was developed by using downdraft gasification technology, which is one of
thermo-chemical processes. Hydrocarbon compositions in agricultural residues (Biomass) are
converted to combustible gases namely, carbon monoxide (CO), hydrogen (I1,) and methane
(CH,), which can be supplied to an engine for electricity production. The power plant is mainly
composed of three parts which are 1) biomass reactor, 2) gas cleaning system and 3) electricity
generation system. The purpose of this biomass power plant development was to use as a
prototype for study, technology dissemination and transfer to rural communities. For the second-
phase study of the biomass power plant, the research was divided into six principal parts
including — Part 1 a study on the connection of electricity generated from biomass gasification
power plant to power grid system. This part focused on the electrical connection to the power grid
system in order to assure the applicability of a small-scale biomass power plant for rural
communities. — Part 2 a study on biomass feedstock preparation for a small-scale biomass power
plant which included processes of size reduction, separation and drying so as to produce a suitable

biomass feedstock both in terms of quantity and quality. — Part 3 a study on waste heat utilization
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from an engine-generation set. The heat was used to reduce moisture of biomass feedstock. — Part
4 a study on utilization approaches of ash/charcoal produced from the power plant by means of
making briquettes and activated carbon. This study aimed to develop the prototype of charcoal-
briquetting plant and to find techniques and processes of increasing the adsorption ability of
ash/charcoal by CO,-induced approach. — Part 5 the revision of economic investment of a small-
scale biomass power plant for rural communities in which utilization of by-products was taken
into account. — Part 6 a study on biomass production from fast-growing trees. This part is a

continued report from the first phase study.

The study of electrical connection to power grid system consisted of 1) studying
conditions, rules, criteria and regulations of power grid connection, 2) setting up connection
control system, 3) testing the efficiency, stability and load-changed response of eiectricity of the
power plant. The results showed that the electrical connection to power grid of different
biomasses which are Giant Leucaena, com cop and cassava rhizome produces stable electricity
even if electrical demand load is unstable or dynamic. In addition, the load-changed response of

these biomasses was almost identical.

The study and development of fuel feedstock px;eparation for a small-scale biomass
power plant for rural communities are composed of 1) investigating important engineering
parameters and behaviors of biomass size reduction and drying processes, 2) developing a
biomass fuel feedstock pilot plant including biomass cutting/chipping, separating and drying
processes in which a 3-ton/day of biomass fuel is demanded by a 100 kW biomass gasification
power plant, 3) analyzing the cost of biomass feedstock preparation for the biomass gasification
power plant. The study showed that — Size reduction machine can produce cassava rhizome and
Giant Leucaena chips with the rates of 1.59 ton/hr and 1.23-1.82 ton/hr, respectively. The
production cost was around 120-166 Baht/ton. — Separation and cleaning machine had a
capability of producing 3 ton/hr and the production cost of 36 Baht/ton was found. — Dryer, a
small rotary dryer was tested by using hot air temperature in the range of 100-130 °C. The result
showed that it spent 2.5-4.5 hrs reducing moisture content to 15% for both cassava rhizome and
Giant Leucaena chips. However, if this type of dryer was scaled up in order to meet the demand
of the gasification power plant, the investment cost would be unaffordable. The solving approach

of this problem is the use of bin dryers which can decrease drying time to 2-5 hours if drying
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temperatures about 125-135 °C are procured. The capability of this dryer was found to be 130
kg/hr or 3,120 kg/day which is adequate to the demand of the 100 kW biomass gasification power
plant. The production cost was about 122-130 Baht/ton.

The study of waste heat utilization form an engine-generator set used as a heat source for
biomass drying included the following procedures; 1) investigate the efficiency of the combined-heat
and power system from producer gas in order to know how much the heat amount can be recovered
for biomass drying. 2) Study the biomass drying using such waste heat. The results indicated that the
utilizing the waste heat was capable of increasing drying efficiency up to 39.74% which accounts for
18.28%. With respect to overview, drying ﬁme of required moisture content is dependent on the initial
moisture content of biomass. The specific energy consumption (SEC) of Giant Leucaena and cassava
thizome was found in the range of 3.7-3.97 MJ/kgH,O and the total efficiency showed values
between 63.36-67.94% or 66.3% in average. The evaluation of combined heat and power showed
the condition of 80 kW is the most suitable fbr use because of low energy consumption in which
1.34 kg of biomass (15%MC) can generate one electrical unit (kWh). Additionally, biomass-to-
electricity conversiqn efficiency (77,,.:0.) @0d producer gas-to-electricity conversion efficiency
(M ngine )» Which was 17.31% and 21.46%, respectively, are higher than those of any other
conditions. When both efficiency from waste heat recovery and charcoal-possessing energy were

taken into account, the overall efficiency (77, ) was increased up to 46.45%.

The study of utilization approaches of ash/charcoal produced from the power plant by
means of making briquettes and activated carbon consists mainly of 1) studying development
approaches of charcoal briquetting which included cost and charcoal production efficiency
evaluation. 2) exploring techniques and processes that can increase the adsorbing ability of
ash/charcoal produced from the power plant by inducing with CO,. The study indicates as
follows; — The development on charcoal-briquetting process, the most appropriate condition of
binder mixing is 4-5% resulting in producing smooth and strong surface of charcoal briquette
which can be further developed for a charcoal-briqﬁetting pilot plant with a capacity of 1 ton/day.
For cost-benefit analysis, it was found that the 100 kW biomass gasification power plant can
produce briquetting charcoal about 69.49 ton/year and every electrical output unit can generate
monetary returns of 0.64 Baht. At this rate, if the investment in briquette machine is 1,200,000
Baht, the payback period will be 2.7 years. — The development of activated carbon production

process, laboratory results of previous study showed that the percentage yields of activated
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carbon resulting from the gasification of the ten different types of biomass were in the range of
72-96% and the porosity properties showed values between 522-842 m’/ g and 0.29-0.49 cm3/g for
their surface area and porosity volume, respectively. These qualities are almost similar to other
studies. For the pilot scale, three different kinds of biomass including Giant Leucaena, corn cop
and cassava rhizome were selected and tested. The study indicated that the suitable flow rate of
introducing the CO, in descending order were 70 L/min, 50 L/min and 12 L/min, respectively

with a controlled condition of 210 m’/h producer gas flow rate and 210 min activated time,

The revision of economic investment of a small-scale biomass power plant for rural
communities which included by-product values has the following procedures; 1) evaluate
electrical production cost by using a new process of biomass fuel feedstock preparation but the
operation and maintenance cost is still 1.59 Baht/unit, 2) take into account in by-products
utilization which included waste heat from an engine-generator set and ash/coal produced from
the power plant. It was found that the biomass fuel preparation cost was slightly decreased which
are 1.66 Baht/kWh, 1.69 Baht/kWh and 2.36 Baht/kWh for Giant Leucaena, corn cop and cassava
rhizome, respectively. Although the biomass feedstock preparation cost is high, it is still
necessary for use in the biomass gasification power plant in terms of their size, moisture and
consistency. The total cost of electricity production in the second phase study was 3.23 Baht/unit
which can be separated into 1.66 Baht/unit for biomass fuel feedstock preparation and 1.59
Baht/unit for operation and maintenance cost (O&M). However, this high cost of electricity
production can be made up by selling the briquetted charcoal which is presently worth up to 0.64

Baht/unit.

The objective of the study of biomass production from fast-growing trees (Continued)
was to follow up the biomass production of fast-growing trees from the first phase study. The
results from the first two year of project provided valuable information on their management. For
instance, both Eucalyptus Camaldulensis and Acacia Mangium can be growth well in the study
plot and provided high yield production of biomass. On the other hand, Giant Leucaena obtained
from Chiangmai Province is the worst among them. For planting space, the study suggests that a
spacing of 2 X 2 m. is advisable instead of 1.8 X 0.8 m. for Acacia Mangium because sunlight
competition of narrow space resulted in one-half remaining of them. In case of Eucalyptus
Camaldulensis, it is likely to grow straight and tall. Conseql_lently, a great amount of root is
produced and the survival rate is high. These fast-growing trees will be harvested when its age is

about 2 years and the further report on the growth rate of sprout will be made.





