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Abstract

Renewable energy technologies are currently under a dynamic cost development. This case holds especially for
solar technology that has reached price levels that were unimaginable until a short time ago. It also holds for battery
technologies the application of which is related to the increasing usage of photovoltaic energy converters and the
growing interest in electric vehicles. With the decreasing prices more and more possible application cases of
renewable energy technologies become economically viable. A case study was done for a location on a small island
located on the west tip of Java. The levelized electricity cost of a hybrid electricity supply system composed of a
solar generator and battery in combination with the existing diesel generators was compared to the electricity
generation cost of the existing system. Two different battery options were taken into account, lead-acid batteries and
lithium-ion batteries. The results of this study can give a rough orientation also for other locations with similar

characteristics.
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I. INTRODUCTION

The discontinuous geography of Indonesia
implies that many parts of the country are not and
cannot be connected to the large electricity
supply grids. The only option is then the
installation of small decentralized energy supply
and distribution systems. Most of the existing
small systems are diesel-based. Years ago diesel
gensets were the most economically competitive
decentralized energy generation technology,
especially at locations where no hydropower
potential is given. Diesel gensets require the
lowest investment among the different existing
options, and even if their operation comes with
continuous fuel costs, they were the preferred
technology for decentralized electricity supply
systems. By now, however, several renewable
energy technologies have become more cost-
efficient. Additionally, the fuel prices have the
tendency to increase. The latter holds even if the
prices are quite low at the moment; in the long
run, they will rise again. Therefore, more and
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more economically  viable application
opportunities for renewable energy systems
appear. In many cases, small hydropower stations,
wind turbines, and solar photovoltaic (PV)
systems have been integrated into small supply
systems or even constitute the sole electricity
generation basis. Also in Indonesia, many
systems have been installed in the last years (see
Interactive map of renewable energy projects in
Indonesia [1]). Indeed, renewable energy
solutions (besides hydropower) have not only
become competitive for off-grid applications [2],
which this study concentrates on, but also for on-
grid systems [3].

The present study examines the economic
viability of the installation of a hybrid PV-battery
or diesel electricity supply system at a typical
off-grid location on an Indonesian island. The
economic viability of the hybrid system is
evaluated in comparison to the further exclusive
usage of the existing diesel-genset infrastructure.
Additionally, the present study inquires the
economic competitiveness of two different
battery options, namely lead-acid batteries and
lithium-ion batteries. Currently, most existing

© 2016 RCEPM - LIPI All rights reserved. Open access under CC BY-NC-SA license. doi: 10.14203/j.mev.2016.v7.113-122.
Accreditation Number: (LIPI) 633/AU/P2MI-LIP1/03/2015 and (Ministry of RTHE) 1/E/KPT/2015.



http://dx.doi.org/10.14203/j.mev.2016.v7.113-122

114 M. Giinther / J. Mechatron. Electr. Power Veh. Technol. 07 (2016) 113-122

Jakarta

Sumur

Peucang \

100 km
|

Figure 1. Geographical situation of the site (source: Google
Earth)

systems contain lead-acid batteries, which are the
cheapest in terms of investment costs. However,
over the past years, lithium-ion batteries have
become more cost-efficient even if they still
require considerably higher investment costs than
lead-acid batteries. It has already been argued
that the better performance of lithium-ion
batteries should be sufficient to result in lower
costs of ownership compared to lead-acid
batteries, especially under hot climate conditions
[4]. The present study also has the objective to
scrutinize this claim besides evaluating the
economic viability of the operation of a
solar/hybrid diesel system at the given location.
The studied site is located on Peucang island
in the National Park Ujung Kulon at the west tip
of Java. This national park contains the largest
remaining lowland rainforest on Java and is
especially known for being the last refuge for the

Figure 2. Sitemap. 1: national park information center, 2:
barracks for national park employees, 3: mosque, 4: building
Fauna, 5: building Flora A, 6:building Flora B, 7: restaurant,
8: resort information center, 9: barracks for resort employees,
10: service rooms, 11: jetty, 12 a — d: water wells, 13 a - c:
water tanks, 14 a - c¢: diesel generators, 15: radio
communication tower, 16: telkomsel antenna, 17: helipad
(source: own design based on Google Earth)

critically endangered Javan rhinoceros. The small
Peucang island hosts a national park post and a
touristic resort. Due to its remoteness, it is not
connected to any grid operated by the State
Electricity Company (PT. PLN), and a future grid
connection is not to be expected. Currently, the
electricity needs on Peucang island are covered
by diesel generators. The diesel fuel has to be
transported by boats from the village Sumur,
which is located at a distance of about 40 km.
Figure 1 shows the geographical situation of
Peucang island and the village Sumur.

Figure 2 shows a map of the studied site
specifying the different buildings and other
facilities, some of which belong to the touristic
resort while others belong to the national park.
According to national park and resort employees,
the cost of the fuel delivered to Peucang island to
power the diesel gensets is about 15,000 IDR
(about 1.14 USD) per litre, which is about the
double of the cost in urban centers. With this
high fuel cost, the installation of an alternative
renewable source-based electricity supply system
is economically promising.

The annual sum of global horizontal radiation
on Peucang amounts to 1,751 kWh/m?
(meteorological data are acquired from
Meteonorm [5]). As to be seen in Figure 3, the
radiation is quite evenly distributed over the year.
These are favourable conditions for an effective
usage of a photovoltaic system. The temperature
on Peucang island fluctuates within quite a
narrow range around an average value of about
28°C. The ambient temperature is an important
parameter for the performance of the PV
generator as well as of the batteries.

Il. RESEARCH METHOD

The first step was a site visit to Peucang
island, realized in October 2015. The aim of the
visit was the registration of the load and energy
consumption of the existing electrical consumers
and an estimation of their future usage including
possible additional future consumers.
Additionally, the currently existing electricity
supply infrastructure was analysed. It was
planned from the outset to make use of the
existing infrastructure also for the future supply
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Figure 3. Daily global horizontal radiation sums during one
year
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system. In particular, the existing diesel generator
and the distribution network should be used in
the future electricity supply system.

The second step was the design of a
consumption scenario for the location. A growing
number of tourists were taken into account as
well as some seasonal fluctuations. The third step
was the technical design of the hybrid electricity
supply system. The system is based on the
developed load profile and integrates the existing
diesel generator infrastructure.

Finally, an economic evaluation of the
proposed system (and its different versions) was
done. The Levelized Cost of Electricity (LCOE)
was taken as the main economic parameter. The
system is considered to be economically
competitive if its LCOE is lower than the LCOE
of the existing system, which is taken as a
reference system. The existing system consists
basically of a 24 kVA diesel generator and two
small 2.8 KkVA generators for emergency
applications.

The levelized cost of electricity of an
electricity generation system is the ratio of the
costs that incur during the system lifetime
(discounted according to the year they incur) to
the produced energy (discounted according to the
year it is generated):
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where I, is investment in year t, M; is operation
and maintenance cost in year t, F; is fuel cost in
year t, E; is energy yield in year t, i is discount
rate, and n is system lifetime.

In our case, M;, F;, and E; are considered to
be constant for each year so that they can be
substituted by annual amounts M,,, E,, and E,,.
The investment is done principally in the year 0,
but additional investments are done during the
system lifetime due to the necessary renovation
of the battery system. Taking into account
additionally that ¥, =&""1  the | COE
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equation can be simplified then to:
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For the reference system, i.e. the existing
system, based exclusively on the existing diesel
gensets, no investment was taken into account so
that the equation for that system can be
simplified to:
MytFy

Ey

LCOE = 3)

The calculations were done with lead-acid
batteries as well as with lithium-ion batteries.
Additionally to the LCOE, which is considered
the main economical parameter, the payback time
with respect to the further usage of the diesel-
only system was calculated. A discount rate of
3% was chosen. The operation and maintenance
costs were considered to be 3 USct/kWh. For the
reference system operation and maintenance
costs of 4 USct/kwWh were assumed based on [6]
and [7]. For the calculation of the LCOE, a
system lifetime of 25 years was assumed, except
for the batteries the lifetime of which was treated
separately. The battery lifetime is one of the most
important  parameters that determine the
electricity costs because the battery is the most
expensive component of the system.

For the lead-acid batteries, the lifetime was
determined in accordance with typical cycle
lifetimes of these batteries taking into account
depth of discharge and temperature (for different
lifetime calculation methods, see [8]). For depths
of discharge until 10%, and for a temperature of
25°C, a cycle lifetime of 10,000 was considered,
for depths of discharge between 10 and 20%
about 6,000 cycles, etc. until below 2,000 cycles
for a depth of discharge of 80% [9]. For each
charge cycle the respective lifetime loss is taken
into account (e.g. 0.0001 lifetimes if a depth of
discharge of 10% is reached). In the case of a
battery room without an additional cooling and
hence with an average temperature around 30 to
32°C, the respective lifetime loss is increased by
a factor of 1.5 with respect to the lifetime loss at
25°C [10]. For the lithium-ion batteries, the
lifetime was determined in accordance with the
warranties given by the manufacturers.

The system modelling was done for one year,
and with an hourly resolution. Consumption time
series were designed on the basis of the existing
infrastructure, on the basis of assumptions about
future tourist numbers, and on the basis of
assumptions about future electrical consumers
and their usage. Generation time series were
designed on the basis of meteorological data and
in  dependence  on  respective  system
configurations (installed PV, diesel and battery
capacities, PV module orientation and shading
conditions, etc.).

I11. RESULT

A. Consumption Scenario

The  consumption  scenario  includes
assumptions about the future number of tourists,
about the number of employees on site, and about
the type and number of electrical consumers and
their usage. The resort is assumed to be fully



116 M. Guinther / J. Mechatron. Electr. Power Veh. Technol. 07 (2016) 113-122

booked, with a maximum visitor number of 50,
on the weekends in the dry season between May
and October. For the rest of the days, and
especially in the rainy season, lower numbers of
visitors are considered. The national park has
eight staff members on Peucang, and the resort
has ten staff members in the low season and 12
staff members in the high season. The electrical
consumers are the currently existing ones
including some additional consumers that are
assumed to be added. Based on these
assumptions standard low-season and high-
season consumption weeks were defined, the load
curves of which are represented in Figure 4.

According to this scenario, the peak load is
5,068 W in the low season and 7,828 W in the
high season. The consumption is 308 kWh in a
low-season week and 422 kWh in a high-season
week. The dominating electrical consumers are
the fans in the resort rooms and other locations.
The sharp peaks in the load curves reflect the
increased usage of the fans in the resort rooms in
the late afternoon and during the night. This
scenario does not yet include battery room
cooling. If battery room cooling with an assumed
permanent additional load of 300 W is taken into
account, the peak load would be 5,368 W in the
low season and 8,128 W in the high season. The
consumption would be 358 kWh in a low-season
week and 472 kWh in a high-season week.

B. Design of The Proposed Electricity Supply

System

Figure 5 shows the general design of the
proposed hybrid system. It is a three-phase AC
system. A so-called Multicluster Box from
SMA/Germany [11], represented as the boxes in
the center, serves as interconnection of the main
system components, i.e. the inverter that converts

day

Figure 4. Consumption scenario for a high-season week
(top) and a low-season week (bottom)

PV generator
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Figure 5. System structure

the DC from the PV generator to three-phase AC
(top), the bidirectional inverters for battery
connection (bottom), the diesel genset (left), and
the grid (right).

The operational logic is roughly the
following: An existing power demand is covered
by PV electricity whenever it is available. If the
PV electricity is insufficient, the needed
electricity is taken from the batteries. If the
batteries reach their maximum depth of discharge
(80% for lead-acid batteries, and 90% for
lithium-ion batteries), the diesel generator starts
and runs until the batteries are fully charged.

C. Economic Evaluation and System
Dimensioning for a System with Lead-Acid
Batteries
The system was modelled according to the

climatic conditions, the consumption scenario,

and the possible location of the PV panels. The
most appropriate locations for the PV generator
are the northeast facing flat roofs of the two

buildings Flora A and Flora B (see Figure 2,

buildings 5 and 6). These large roofs allow the

installation of up to more than 15 kW, on each
one. Some shading has to be taken into account
in the late afternoon when the trees behind the
buildings and the roofs themselves cast a shadow
onto the PV modules (Figure 6). In a first step, an
economic analysis was done under the condition
that the lead-acid batteries are located in a

Figure 6. Resort building Flora A the large flat roof of
which is one of the preferred PV locations
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Figure 7. LCOE in dependence on the installed battery capacity and the installed PV capacity

naturally ventilated battery room without
additional cooling. The maximum depth of
discharge was fixed at 80%. In Jakarta, the cost
of the most economic valve-regulated sealed
lead-acid  batteries, appropriate for solar
applications, is about 220 USD/kWh [12]. The
installed PV capacity, as well as the installed
battery capacity, was varied, and the resulting
total LCOE were calculated. The result of this
calculation is represented in Figure 7, which
shows the LCOE in dependence on the installed
PV capacity and the installed battery capacity. As
to be seen in Figure 7, the lowest LCOE is
reached for battery capacities between 90 and
130 kWh and a very broad range of installed PV
capacities between 20 and 32 kW,. For these
system dimensions, the LCOE are around 48 to
49 USct/kWh.

Taking into account the characteristics of the
northeast oriented roofs of the resort buildings
Flora A and B, and respecting some aesthetic
considerations concerning the covering of these
roofs with PV modules, the following system
dimensioning can be selected: on each of the two
roofs 36 PV modules a 300 W, with a size of 1 m
X 2 m are installed, which results in a total
installed PV capacity of 21.6 kW,. Figure 8 gives
a visual impression of the coverage of the roofs
with this number of modules.

Figure 8. 2x36x300 W, distributed on Flora A (left) and on
Flora B (right)

The battery capacity amounts to 95 kwWh. The
daily reached a depth of discharge is 30 to 60%
in the low season and 50 to 75% in the high
season. Figure 9 shows the depths of discharge,
ordered by magnitude, that are reached during the
days of the model year. The charge state of the
battery comes very seldom close to the maximum
depth of discharge of 80%. This cycle behavior
and an assumed battery room temperature of 30
to 32°C render a battery lifetime of about four
years and one month.

The LCOE for this system is about 48
USct/kWh, compared to about 98 USct/kwh for
the existing diesel-only system (for the same
consumption scenario). The payback time with
respect to the usage of the reference system is
about four years. Ninety four percent of the
consumed electrical energy is delivered by the
solar generator, only six percent is delivered by
the diesel generator. The first main result is,
hence, that the investment in a solar generator
would be highly profitable for the selected
location under the assumed consumption
conditions.

The short payback time of only four years is
most of all a result of the high fuel prices of
15,000 IDR per litre. Additionally, it has to be
taken into consideration that the diesel generator
works under very unfavourable part-load
conditions if used to cover the load directly. The
load is permanently quite far below the rated
power of the used diesel generator (24 kVA),
which diminishes the efficiency of the generator
quite drastically. Both, the high diesel price and
the unfavourable part-load operation of the diesel
generator, provoke the high LCOE of the
reference system of 98 USct/kWh. If the
generator is used to charge the batteries instead
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Figure 9. Depths of daily discharge of the battery reached during the model year, ordered by magnitude

of powering the consumers directly, it can be
operated closer to its nameplate power and, hence,
with a considerably higher efficiency. This
difference in the diesel genset efficiency
contributes to the large difference between the
LCOE of the hybrid system and the LCOE of the
reference system. And it contributes to the quite
short payback time of the investment of about
70,000 USD that has to be done to buy the
components of the proposed system and to install
the system on Peucang. The investment costs are
calculated according to information from Jakarta-
based Senior Advisor for Renewable Energies
Dipl.-Ing. Horst Kruse and refer to the year 2015
(PV panel prices dropped further in 2016 so that
the investment would be slightly lower if
calculated for the moment of publication).

Until this point, the system was evaluated
without considering a possible battery room
cooling. The installation of a battery room
cooling has the advantage to increase the battery
lifetime. As the battery is the most expensive
component of the system, a higher battery
lifetime can be a useful lever to reduce the LCOE.
The downside is that the battery room cooling
increases the power consumption in the grid and
that it requires a small additional investment for
the air conditioner and possibly for the
appropriate adaptation of the battery room (the
additional investment is taken to be 2000 USD).
The battery room is supposed to be maintained at
25°C, which is assumed to be achieved with a
permanently running air conditioning device with
a power of 300 W.

According to the simulation, the economic
optimum configuration is reached with a PV
capacity of 26 kW, and a battery capacity of 105
kWh. The battery lifetime increases from 4 years
and one month to 6 years and six months. The
LCOE drops from 48 USct/kWh to 42 USct/kWh.
So the installation of a battery room cooling is a
profitable additional investment. Table 1
compares some key numbers of the two
configurations, i.e. the configuration without
battery room cooling and the configuration with a
cooled battery room.

D. Comparison to Lithium-lon Batteries

Lithium-ion batteries are mostly considered as
too expensive for solar applications. However,
prices of lithium-ion batteries are dropping
currently, which requires a new evaluation of the
economic competitiveness of these batteries with
respect to lead-acid batteries. Most probably
lithium-ion battery prices will continue to drop
given that there are important battery market
drivers, in particular e-mobility. The prospects of
this technology are positive [13].

Lithium-ion batteries have some technical and
operational advantages over lead-acid batteries.
The most important for mobile applications is the
higher energy density. Lithium-ion batteries are
lighter and smaller than lead-acid batteries with
the same capacity. This advantage, however, is
not so important for stationary applications like
the one on Peucang island. What is more
important for stationary applications is that the
still higher prices of lithium-ion batteries may be
offset by the higher cycle lifetime, by larger
discharge depths without losing as much lifetime
as lead-acid batteries,by higher cycle efficiencies,
by a more constant voltage level over a charge
cycle, and by a better tolerance of higher
temperatures [14]. Additionally, the capacity is
less affected by the discharge rate. Currently,

Table 1.
Key numbers for the systems with lead-acid battery with and
without battery room cooling

Item No battery Battery Unit

room cooling  room

cooling

PV capacity 21.6 26 kWp
Installed battery 95 105 kWh
capacity
LCOE 48 42 USct/kwWh
Payback time 4.0 45 years
Battery lifetime 4.2 6.5 years
Diesel 410 340 Ilyear
consumption (=2.5% of the  (=2.1%)

diesel

consumption in
the reference
system)
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small lithium-ion battery systems for home
applications cost 1,600 to 2,200 USD/kWh [15].
These costs are generally too high to be
competitive with lead-acid batteries. Larger
batteries have lower specific costs. In 2015, the
best offer identified in Jakarta for a stationary
lithium-ion battery with capacities that are
needed in Peucang was 900 USD/kWh (based on
the ex-factory price in this case in Germany [16]
taking into account some additional transport
costs).

The further cost reduction potential of
lithium-ion batteries is considered to be high.
Lithium-ion battery prices are expected to fall to
200 USD/kWh by 2020 and to even lower prices
in the more remote future [17]. The battery
manufacturer Tesla announced in 2015 the
market entry of the so called Powerwall, a
stationary lithium-ion battery for solar home
systems for a price of 350 USD/kWh. For now,
this is only an announcement; the storage is not
yet in the market. But even if the price of the
battery systems should be a bit higher at the end,
lithium-ion battery systems with a price level
close to the announced level will have the
potential to change the energy storage market
situation considerably. PV-battery home systems
will become economically competitive in many
countries, and in many applications, lead-acid
batteries may be substituted by lithium-ion
batteries.

The mentioned offered lithium-ion battery
system for the stationary application on Peucang,
for a price of about 900 USD/kWh, is still
considerably more expensive than the lead-acid
batteries, which can be purchased at 220
USD/kWh. Taking into account the better
performance of lithium-ion batteries and the
longer lifetime, the question comes up whether
this price is already sufficiently low to make
them competitive in the sense of allowing lower
LCOE of the hybrid system on Peucang. To
answer this question, the following assumptions
are made: The batteries are located in a
climatised room with a constant temperature of
25°C, which is in the range of the optimum
operating temperature with respect to cycle
lifetime [18]. A maximum depth of discharge of
90% is defined. At a reasonable battery size, this
depth of discharge is reached only exceptionally
(compare Figure 9). The mentioned battery offer
includes a 10-year warranty for 50% of the
nominal capacity for 8,000 cycles with a depth of
discharge of 70% or 5,000 cycles with a depth of
discharge of 90%. As a system lifetime of 25
years is assumed, it seems plausible to assume
one battery exchange during the system lifetime.

If the battery exchange is located in the middle of
the system lifetime, i.e. in the 13" year, then
about 4,500 cycles are assumed for one battery
system. For the selected system dimensions the
depth of discharge is mostly 50 to 60% in the low
season and 70 to 80% in the high season. With
these generally quite low depths of discharge,
and taking into account the warranty conditions,
the assumption of a battery lifetime of 12.5 years
iS quite conservative. Additionally, we assume
that the price for the replacement battery in the
13™ year is the same as the price for the first
battery, which makes our calculation even more
conservative taking into account the positive
price expectations for lithium-ion batteries.

As the lithium-ion battery is more expensive
than the lead-acid battery (and the maximum
depth of discharge is deeper than for the lead-
acid battery) it can be expected, for the
economical optimum configuration, that the
installed battery should be smaller than for the
lead-acid battery version. The simulation renders
the following optimum system dimensioning:
The PV capacity is 30 kW, and the battery
capacity is 70 kwh. The resulting LCOE is 55
USct/kWh. The payback time with respect to the
usage of the reference system amounts to 7 years
and one month. In this system, 88% of the power
is delivered from the solar generator and 12%
from the diesel generator.

The result is, hence, that the LCOE using the
offered lithium-ion  batteries  (under the
mentioned very conservative assumptions) is
higher than the LCOE using lead-acid batteries.
Under the mentioned assumptions and for the
specifically considered battery offers the lithium-
ion batteries are not yet economically
competitive with the considered system on
Peucang island. Taking into account that the
assumed 12.5 years lifetime of the battery implies
only around 4,500 cycles, most of which do not
reach deep depths of discharge, it seems
reasonable to consider additionally a slightly
more ambitious battery scenario in which the
batteries have a lifetime of 15 years (so that the
second battery set has a residual value of one
third of the replacement value at the end of the
total system lifetime of 25 years). In this case, the
LCOE drops to 51 USct/kWh (compared to the
55 USct/kWh for a battery lifetime of 12.5 years).
However, the LCOE for the system with lead-
acid batteries is still lower. Table 2 shows some
key numbers of the systems with lithium-ion
batteries in comparison to the system with lead-
acid batteries in a cooled battery room. Even for
the more ambitious scenario, according to which
the battery lifetime is 15 years, the LCOE of the
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Table 2.
Key numbers for the systems with lithium-ion battery in
comparison to the system with lead-acid battery

Item Lead-acid  Lithium-ion Unit
220 900 USD/kWh
USD/kWh 155 15 years

years lifetime

lifetime
PV 26 30 30 kWp
capacity
Installed 105 70 70 kWh
battery
capacity
max. 80 90 90 %
DoD
LCOE 42 55 51 USct/kwh
Payback 4.5 7.0 7.0 years
time
Battery 6.5 125 15 years
lifetime
Diesel 339 930 930 Ilyear
cons. (=2.1%) (= (=5.7%)

5.7%)
Table 3.

Key numbers for systems with lithium-ion battery at specific
investment costs that make them competitive with lead-acid
batteries

Item Lead-acid Lithium-ion batteries Unit
batteries 125 years 15 years
(with cooling) |ifetime ~ lifetime
PV 26 28 30 kWp
capacity
Installed 105 70 70 kWh
battery
capacity
max. DoD 80 90 90 %
LCOE 42 42 42 USct/
kWh
Battery 220 425 490 usD/
price kWh
Payback 4.5 5.4 5.7 years
time
Battery 6.5 125 15 years
lifetime
Diesel 339 1040 930 Ilyear
cons. (=2.1%) (=6.4%) (=5.7%)

system with lithium-ion batteries is still higher
than for the system with lead-acid batteries.
Therefore it is interesting to know, finally, what
price lithium-ion batteries should have in order to
reach the LCOE of the systems with lead-acid
batteries, i.e. 42 USct/kWh. The results of the
respective simulations are the following: At an
assumed lifetime of 12.5 years the lithium-ion
batteries must reach a price of 425 USD/kWh. If
the lifetime is 15 years, a battery price of 490
USD/kWh is already sufficient to reach the same

LCOE as the system with the lead-acid batteries.
Table 3 shows some key numbers of the
respective optimized systems in comparison to
the lead-acid battery system in a cooled battery
room.

The calculated prices of lithium-ion batteries
that are sufficient to make them competitive with
lead-acid batteries for the studied system allow
the following conclusion: Although lithium-ion
batteries are still too expensive to make the
stationary system on Peucang island even more
cost-efficient than lead-acid batteries, the short-
to-medium-term  prospective of lithium-ion
batteries is positive. Taking into account the
mentioned price expectations the calculated
prices should be achievable in the near future.
The prices that are the threshold for the
economically reasonable application of lithium-
ion batteries are well above the announced future
battery prices. It can be expected, therefore, that
lithium-ion batteries will become soon an
economically competitive option for stationary
electricity supply systems like the one on
Peucang island.

1\VV. CONCLUSION

In this study, a typical off-grid location was
considered with the aim to figure out, first,
whether the investment in a hybrid electricity
supply system is economically feasible, and,
second, whether lithium-ion batteries have
already reached sufficiently low prices to
compete with traditional solar lead-acid batteries
under the circumstances of the considered
location. The answer to the first question is
positive: The investment in a complementing
solar system makes sense; the LCOE can be
reduced considerably to less than half of the high
LCOE that have to be covered with the current
diesel-based system. The answer to the second
guestion is negative: The lithium-ion batteries (at
least the batteries considered in this study) are
still too expensive. However, there is a positive
outlook; the price expectations of lithium-ion
batteries are such that the competitive situation
should change in the near future. If lithium-ion
batteries reach the low costs that are announced
by renowned manufacturers, then these batteries
will be able to substitute lead-acid batteries in
many applications. The price threshold for
systems like the studied one on Peucang island is
located around 425 to 490 USD/kWh. From this
price level on the higher investment (in
comparison to lead-acid batteries, which cost
about half of this price) is compensated by the
longer lifetime of lithium-ion batteries and their
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better performance. The results of this study hold
first of all for the selected location on Peucang
island. But in principle, they can be taken into
account for any location with similar
characteristics. However, as no site is the same as
the studied one, additional considerations will
always be indispensable.
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