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Reducing Economic Disparity in the Outermost and Border
Regions: Assessing Barriers and Opportunities in the
Electricity Sector

Dhandy Arisaktiwardhana1, * and Iqbal Akbar2

1 Doctoral Program of Innovation Economics, Technische Universität Berlin – Germany
2 MBA Program of Energy Management, Technische Universität Berlin – Germany

Abstract. Economic disparity is still a major problem threatening Indonesia’s future prosperity.
Spatial inequality between rural and urban areas remain to exist and is driven by unequal access to
and unaffordable cost of the traditional electricity infrastructures. The national electrification ratio
reached 91.16 % in 2016. This paper evaluates the feasibility of reforming existing regulations for
Indonesia's electricity sector in its light to reduce economic disparities between-regions and intra-
regions in Indonesia. A systematic review of the literature on the publications and research reports is
used to provide inputs for revising the regulations of the electricity sector to address more focused
mission-oriented objectives. Empirical models are discussed and established to predict the cost-saving
from the reduction of CO2 emission by applying the technological solutions for renewable energy and
energy efficiency. This study finds a cost-saving of Rp. 135 trillion per 40.000 hours-use for the
whole electricity consumers in Indonesia that can be converted into financial instruments to support
the development of electricity infrastructure in the disadvantaged regions. In the end, the study
concludes that there is a clear financial benefit, in the form of opportunity cost, for reforming
narration of the electricity policy and further transforming the institutional arrangement.

Keywords: economic disparity; renewable energy; energy efficiency; CO2 emission reduction

1 Electricity Access in Economic
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The Design Of Grain Drying Oven Using Residual Exhaust Gas From Diesel Engine With Heat
Transfer Analysis

Peter Sahupala1,*, Daniel Perenden1
, Christian Wely Wullur1

1,Department of Mechanical Engineering, Faculty of Engineering, Musamus Merauke University , Jln. Kamizaun,
Merauke, Postal Code: 99616

ABSTRACT.  The drying process plays an important role in the preservation of agricultural products. To this day, the drying process
of rice grains harvested by the farmers in Semangga District, Merauke Regency, has always used sunlight. However, during rainy season,
the farmers cannot dry their grains, and if such thing happens for a long time, it will cause decayed grains. The drying characteristics of
a material are necessary in designing the dryers in use. The method used in this research was the design of grain dryers, which took the
form of heating oven, by utilizing heat from the residual exhaust gas of diesel engine. The exhaust gas coming out of the exhaust manifold
would be flowed through the heating pipe in the oven heating chamber, then through the convective heat transfer process, followed by
conductive heat transfer, and then the heat flow conduction would be transmitted to the drying chamber. The objective of this research
was to design grain dryers by using Diesel engine’s residual exhaust gas, and to calculate the efficiency of grain dryer using heat transfer
analysis. The bulk gas temperature in the exhaust gas section for hot fluid in the pipe is 371.55 K at a motor rotation of 2400 rpm, with
the flow rate of the incoming exhaust gas heat mass of 0.01798031 kJ/s. The velocity of incoming exhaust gas mass is 36.75 kg/s, with
the comprehensive heat transfer coefficient on the inlets of 92.7334404 W/ m2.oC. The heat transfer in the air section/ fluid section in
the inner pipe is 351.1351 K, while the convective heat transfer coefficient in exit pipe is 8.010580984 W/m2.oC, thus obtaining
Comprehensive heat transfer of 40.2312698 W/ m2.oC. The logarithmic mean temperature difference (LMTD) in the evaporator is
35.69590751oC with total heat transfer area of 084178 m2. With 2400 rpm motor rotation, the total heat transfer at the heat exchanger,
which is the usable maximum heat, is equal to 0.226296111 kW; while the effectiveness of heat exchanger is at 60.95%. The energy
used to evaporate the water and the amount of convective heat transfer from dry air to the product are 0.03696 kW, while the amount of
air energy used is 0.05150 kW, obtaining the efficiency of the drying machine at 71%.

Keywords. Grain, Exhaust Gas, Oven

INTRODUCTION
Agricultural products, including grains or cereal

crops, such as corn, grain/ rice, beans, coffee, etc. require
more serious attention, especially in the preservation
process. The drying process plays an important role in
the preservation of agricultural products. The drying
characteristics of a material are necessary in designing
and operating the dryers in use.

Drying process of grains is generally done by using
solar energy. Nevertheless, this method highly depends
on the season, drying time, large number of workers, and
extensive place. The drying process of high-moisture
grain can be conducted in two ways: long period of
drying process at low temperature, or shorter period of
drying process at higher temperature. However, if the
drying process done to a material takes too much time at
low temperature, the microorganism activity happens
very quickly, for instance the growing molds or spoilage.
On the contrary, drying process at excessively high
temperature may cause damage to the components of
materials being dried, both physically and chemically.
Therefore, it is necessary to choose an effective and
efficient drying method to avoid damage in agricultural
products.

The drying process of agricultural products done by
farmers in Indonesia, especially in Merauke Regency,
Semangga District, still utilizes solar energy as its drying

power. Still, during the rainy season, they have difficulty
to dry agricultural produce due to the lack of sunlight
with adequate intensity as a source of heat. If the
agricultural products are not drained properly up to
certain moisture content, they will germinate, or even
become decayed from microorganism’s metabolic
activity, downgrading their quality. As an alternative
solution to this problem, it is necessary to conduct a
study to design a drying tool capable of assisting the
farmers to dry their agricultural products, especially
grains. The drying tool to be examined for its drying
characteristics is a tray dryer, which uses remaining
exhaust gas from Diesel motor as a drying medium. The
tool is expected to dry the agricultural products with
evenly-distributed dryness level (moisture content) on
the materials.

The exhaust heat generated by Diesel Engine still
contains plenty of usable heat/ thermal energy, because
34 - 40% of energy from the combustion in motor is
wasted through exhaust gas. Such energy can be utilized
as a source of heat energy for the grain drying process,
through the process of heat removal from a closed
container to the dryer. It is expected that this research
can provide a good and useful contribution in the
utilization of wasted energy for agricultural product
drying process.

Alternative technology is designed in the form of
dryer oven using residual exhaust gas from Diesel motor.

* Corresponding author:louissahupala@gmail.com
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The Study of Rice Husk as Co-Digestion Together with Cow
Dung is Biogas Production of Anaerobic Digester

Sania Septiani Mulyawan1,2, Dini Widyani Aghnia1,2, Elisabeth Rianawati1,*, Enri Damanhuri2, Marisa
Handjani2 , Tri Padmi2, Bridgid Chin Lai Fui3, Menandro Acda4, Pornkamol Unrean5

1Resilience Development Initiative, Bandung - Indonesia
2Department of Environmental Engineering, Faculty of Engineering, Institute Teknologi Bandung – Indonesia
3Curtin University Sarawak, CDT 250, 98009 Miri, Sarawak, Malaysia
4University of the Philippines Los Banos, Pedro R. Sandoval Ave, Los Baños, Laguna, Philippines
5National Center for Genetic Engineering and Biotechnology, 113 Thailand Science Park Paholyothin Road, Klong 1, Klong
Luang, Pathumthani 12120, Thailand

Abstract. One of alternative waste-to-energy technologies to treat organic waste is anaerobic digestion.
This study conducted by three stage of experiments using the laboratory scale biogas production from cow
dung and rice husk as co-digestion. Based on the first stage experiments, TS 10% gave the highest
accumulation of biogas 458 ml and 506,95 ml. In the second stage of the experiments, 10 ml media in TS
20% gave the highest accumulation of biogas production (743.1 ml). The last stage of experiments showed
that Blank TS 30% with 5 ml media gave the highest accumulation of biogas production (922.2 ml). From
the last stage we can conclude that the presented of rice husk as a co-digestion didn’t give the significant
effect to increase biogas production in anaerobic digestion, at least at room temperature. This caused by the
high lignin and cellulose concentration in the rice husk that might resist or inhibit the production of biogas
production. This is contrast situation when TS 40% occured, the existing of rice husk in AD will give
positive impact to biogas produce.

Keywords: anaerobic digestion; cow dung; rice husk ; co-digestion.

1 Introduction
Anaerobic digestion performance is heavily influence

by the characteristic of organic material such as food
waste, manure, sewage sludge, organic fraction of
municipal solid waste, and energy corps, and others [1].
The popularity of the technology is due to its ability to
turn organic waste into energy [2].

In Indonesia, cow dung volumes are increasing
annually and most of them are disposed without any
treatment. Anaerobic digestion could be an alternative
option to treat the cow dung and thus reducing the cost

of disposal and produce biogas for energy recovery.
Methane and carbon dioxide which is mainly contained
in biogas production, can be used as renewable energy
sources [3].

Other type of organic waste that is abundant in rural
area is agricultural waste, such as properly such as rice
husk, rice residues and rice straw from the drying
process. The waste is abundant particularly during
harvest and is mostly burnt in the field causing air
pollutant. As a matter of fact, these wastes have high
carbon content which can be used as for biogas
production through anaerobic digestion process.
However as the rice residues are to optimize anaerobic
digestion performance and obtaining energy by
considering digestion of rice residues are difficult to

degrade, the parameters of the anaerobic digestion
should be set properly [4].

Table 1 Characteristic of Rice Husk Reported in Literatures

Parameters Pillaier,
1988

Bronzeoak,
2003

Kumar,
P.Senthil,

2010
Crude protein, % 1.7 - 2.6 - -
Crude fiber, % 31.71 -

49.92
- -

Mineral Ash, % - - 13.87
Pentasans, % 16.94 -

21.95
- -

Crude fat, % 0.38 - -
Nitrogen free

extract, %
24.7 -
38.79

- -

Cellulose, % 34.34 -
43.80

- 31.12

Ash, % 13.16 -
29.04

22.0-29.0 -

Hemicellulose, % - - 22.48
Lignin, % 21.40 -

46.97
- 22.34

Bulk Density
(kg/m3)

- 96-160 -

Nitrogen, % - 0.23 - 0.32 -
Carbon, % - ≈35.0 -

Moisture, % - 8.0 - 9.0 -
Hydrogen, % - 4.0-5.0 -
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