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Key Messages

e The Indonesian government has set a renewable energy

target of 31% by 2050

e The Sulawesi region consists of two isolated power
systems, i.e., the Northern and Southern Sulawesi

systems

e It is more economical to achieve the renewable energy
target by interconnecting the two isolated systems

e Interconnecting the two isolated systems incurs a
generation cost of 8.36 cents USD/kWh

e Implementing the targets provides an emission reduc-
tion in 2050 of 34.91% compared to the business-as-

usual

&

Sulawesi: The fastest economic growth island in Eastern Indonesia (6.43%) and a special economic zone for Eastern
Indonesia. Future industry sectors: agriculture, forestry, nickel mining and processing, and tourism

As part of the global action to
deal with climate change, Indo-
nesia committed to reducing its
greenhouse gas (GHG) emis-
sions at the COP21 in Paris in
2015 [1]. Law of the Republic of
Indonesia number 16/2016
states that Indonesia will de-
crease its GHGs by a minimum of
29% compared to business-as-
usual (BAU) and 41% with inter-
national support by 2030 [2].
The electricity sector is the sec-
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ond highest contributor to CO;
emissions in Indonesia [3].
Therefore reducing CO, emis-
sions in the electricity sector is
crucial for supporting the na-
tion’s GHG reduction commit-
ment. Indonesia has set a target
of 23% for new and renewable
energy (NRE) use in 2025 and
31% in 2050 in the national
energy mix [4, 5] to reduce CO;
emissions. However, Indonesia
did not meet the yearly NRE

target in the electricity sector
from 2015-2019 [6].

As an archipelagic country, Indo-
nesia faces many challenges in
meeting its NRE target, e.g., un-
connected electricity systems
and renewable energy locations
that are scattered and far from
the load centre. One of the
power systems facing these
challenges is the Sulawesi elec-
tricity grid system. This system,
one of four major systems in In-
donesia, is in an area of high
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growth and is a strategic eco-
nomic region in eastern Indone-
sia. The Sulawesi system faces
two challenges in achieving the
renewable energy (RE) target.
The first is it contains two uncon-
nected isolated electricity sys-
tems, i.e., the Northern and
Southern Sulawesi Power
Systems [7]. The second relates
to RE resources, including
hydropower, wind power, and
geothermal, which are scattered
on both the northern and
southern sides of the island.
Therefore, how to arrive at the
best scenario for generation
expansion planning by consider-
ing RE resources and the inter-
connection option between these
two electricity systems needs
consideration.

This policy briefing aims to iden-
tify the Sulawesi region's opti-
mum renewable energy develop-
ment pathways, including the
interconnection option. Further-
more, a CO, emission reduction
scheme is analysed as part of the
optimum pathway analysis. An
open-source generation expan-
sion planning (GEP) model with
two scenarios (isolated and
interconnected scenarios) is de-
veloped to achieve the research
aim. Each of these scenarios is

then subdivided into business as
usual (BAU) and RE target. The
BAU represents a GEP with
business-as-usual conditions in

Southern Sulawesi in 2050 con-
sists of 79.5% coal, 10.1% gas,
and 10.4% RE and the BAU en-
ergy mix in the Interconnected

which no further efforts to Sulawesi in 2050 consists of
achieve the RE target are made. 78.3% coal, 12.5% gas, and
In comparison, the RE target 9.2% RE.

represents a GEP wused to

achieve the RE target.

The GEP model is created based
on an open-source energy mod-
elling system (0SeMOSYS) plat-
form. The optimum solution is
obtained wusing an economic
objective function by considering
an energy balance, reserve mar-
gin, and RE target. Finally, the
comparative analysis is carried
out to obtain the optimum path-
way.

To identify the optimum path-
ways, several scenarios are
created which represent the
combination of possible path-
ways, as shown in Table 1.

Implementing the RE target in
Sulawesi's GEP changes the en-
ergy mix. In the business-as-
usual (BAU) scenario, Northern
Sulawesi's energy mix in 2050
consists of 74.2% coal, 21.4%
gas, and 4.4% RE. On the other
hand, the BAU energy mix in

Table 1. Scenario descriptions

For the RE target scenario, the
energy mix in each electricity
system changes as follows.
Northern Sulawesi's energy mix
in 2050 consists of 43.6% coal,
25% gas, and 31.4% RE and the
energy mix in Southern Sulawesi
in 2050 consists of 44.4% coal,
24.6% gas, and 31% RE.

Implementing the RE target in
each isolated power system
increases the generation cost
and decreases CO2 emissions.
Northern and Southern Sula-
wesi's generation cost increases
6.6% to 8.91 cents USD/kWh
and 4.6% to 8.33 cents
USD/kWh, respectively. Mean-
while, the average generation
cost of Northern and Southern
Sulawesi becomes 8.47 cents
USD/kWh. The CO2 emissions of
Northern and Southern Sulawesi
in 2050 decrease 35.27% to
10.55 million tons of CO2 and
35.85% to 39.06 million tons of
CO2, respectively.

. Analyzed RE Interconnection Costs Optimization
Scenario . . . ..
electricity system target option considered description
Northern Sulawesi Isolated Northern No No Generation Least cost optimization
BAU Sulawesi cost
Northern Sulawesi Isolated Northern 31 % by No Generation Least cost optimization
RE target Sulawesi 2050 cost considering RE target
Southern Sulawesi  Isolated Southern No No Generation Least cost optimization
BAU Sulawesi cost
Southern Sulawesi  Isolated Southern 31 % by No Generation Least cost optimization
RE target Sulawesi 2050 cost considering RE target
Interconnected Isolated Northern No Yes Generation Least cost optimization
Sulawesi BAU and Southern and considering
Sulawesi interconnector interconnection option
costs
Interconnected Isolated Northern 31 % by Yes Generation Least cost optimization
Sulawesi RE target  and Southern 2050 and considering
Sulawesi interconnector  interconnection option
costs and RE target
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In comparison, the results of
implementing the RE target in
the interconnection scenario are
as follows. The energy mix in
2050 consists of 45% coal, 24%
gas, and 31% RE. The genera-
tion cost in the interconnected
scenario by implementing the RE
target is 8.36 cents USD/kWh.

Implementing the RE target in
the interconnected Sulawesi sce-
nario increases the generation
cost and decreases CO; emission
compared to the interconnected
Sulawesi BAU scenario. The gen-
eration cost increases 4.5% from
8 cents USD/kWh to 8.36 cents
USD/kWh and the CO; emissions
in 2050 decrease 34.91% from
77.02 million tons of CO, to
50.12 million tons of CO,.

The RE share in each scenario is
different, as shown in Figure 1
as it depends on the potential re-
sources in each system. The
enormous amount of hydro-
power energy available domi-
nates RE utilization in the
Southern system, whereas for
the isolated Northern Sulawesi
system, hydro, wind, and geo-
thermal energy are utilized to
achieve the target. However,
this composition changes when
the two isolated systems are
interconnected. Hydro energy is
the most used RE in the Sulawesi
interconnection system. This is
because there are enormous
hydro resources available which
are more economical to develop.

A comparison of the isolated and
interconnection scenarios shows
that the interconnection scenario
is the optimum renewable en-
ergy development pathway in
Sulawesi. Using the interconnec-
tion option ensures a lower gen-
eration cost with an emission
reduction which is very close to
the isolated scenario. The inter-
connection scenario reduces the
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Figure 1. Renewable energy share for each scenario
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Figure 2. The emission production on the interconnected Sulawesi BAU
and RE target scenario, and its emission reduction

total cost by 139.8 million USD
compared to the total cost in
both isolated scenarios.

The interconnection scenario re-
sults in an emission reduction in
2050 of 34.91% compared to the
scenario without the RE target
(BAU), as shown in Figure 2. In
addition, interconnecting both
isolated electricity systems in-
creases the system flexibility.
This is crucial for handling re-
newable energy intermittency.

Implementing the RE target in-
creases the generation cost
compared to the BAU. These re-
sults indicate that the implemen-
tation of RE targets requires
policies that can force the utility
to invest in renewable energy
power plants or can make in-

vesting in renewable energy
power plants attractive. How-
ever, existing policies in renewa-
ble energy do not represent
those required policies. The ex-
isting policies are the national
energy policy (NEP) and power
purchase agreement (PPA).

The NEP only states the RE
target without providing a
detailed pathway and the re-
quired efforts. Meanwhile, the
PPA regulates the renewable en-
ergy price as a maximum of 85%
from the power system genera-
tion cost. This price is a barrier
to renewable energy investment.
Therefore, stronger policies are
required to support investment
in renewable energy sources
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Based on the optimum development pathway anal-
ysis, the following recommendations can be made
for the case study of the Sulawesi Region in Indo-
nesia:

e The government should prioritize investment in
the interconnection between the Northern and
Southern electricity systems to achieve the re-
newable energy target.

e The government should prioritize investment in
renewable energy sources - particularly hydro,
wind, and solar.

e Stronger policies are required to support invest-
ment in renewable energy sources - particularly
hydro, wind, and solar.
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