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INTRODUCTION
Indonesia is an archipelago that consists of about 16,000 islands in total and approximately 6,000 islands are inhabited. Being an archipelago, the role of locally available (distributed) renewable energy sources is particularly very important for rural economy and sustainable developments. It includes, among others: solar energy, small hydropower, wind and wave, biomass and small geothermal. The conversion of renewable energy sources generally goes through a chain of transformation process before it is finally used. The flow of supply of renewable energy sources is unfortunately not necessarily the same at each instant with the energy demand that need to be satisfied.

Most renewable energy sources are time dependent and following a statistical phenomena. Solar radiation is, for instance, available during the day time. It starts with very low irradiation in the morning and gradually increases until it reaches a culmination at noon . It then gradually decreases and return to zero in the evening. Solar irradiation is also subject to daily, monthly (seasonal) and yearly variation. Period with the good solar irradiation in Indonesia is mostly occurred during dry seasons (April - September). On the contrary, in the case of hydropower it is generally available during rainy season (October - March). For a good site, the hydropower potential may be available all the year round with only small monthly variation. But, at a certain site, it may happens that the hydropower potential is significantly reduced or even completely dry-out during dry season. 
The energy demand is, on the other side, also time dependent with daily and weekly variation. The time phase of both supply and demand are mostly not coincide. In many cases occurred that energy demand appears at the time where the supply is not existing. For example, demand for electricity in rural village (as generally the case for Indonesia) occurs in the evening as the electricity is mainly used for lighting. If we again consider solar energy (say : through the utilization of photovoltaic system), the electricity generation is clearly not in the same phase with the demand.
In short, the supply pattern of most renewable energy sources are not always match with energy demand pattern. In such a case, an energy storage must be introduced into the system. Hence it is very clear that the role of storage system is very important in the utilization of distributed renewable energy. 

This paper describes the Indonesia experiences working with several storage systems particularly electric battery and hydraulic storage those used for solar photovoltaic and small hydropower systems, respectively.
STORAGE SYSTEM
There are various means to store energy depending on the duration, form of energy to be stored and power capacity need for the storage. Cost of storage can be considerably high to the total cost of the renewable energy system and can also affect the performance of the whole system. Therefore, type and size of the storage need to be carefully defined and determined. Generally energy can be stored in many forms like mechanical, thermal, chemical, and nuclear energies. Storage duration can vary within wide limits, ranging form some seconds up to years.
A very short storage duration is mostly used to stabilize the energy transfer because of sudden changes that occurred at a very short period in supply and/or demand. Typically it is done by flywheel in mechanical systems. Some minutes storage duration is typically done by compressed air chamber supplied by a compressor on-site or buffer tank. Some hours storage may includes electric battery for backup, hydraulic storage, potable water tank and domestic hot water storage. Some days storage typically includes battery like on photovoltaic solar home system applications.
Electric Battery

Electric battery is one of the conventional and popular system to store energy. Electric battery stores energy in the form of chemical energy and release it directly in the form of electrical energy. There are many different kind of batteries but the battery mostly used in renewable energy system is still dominated by lead acid battery. At the current stage, problem associated with utilization of battery, as will be discussed later, lies on its short life time that makes battery to be one of the expensive part of the system. 
Electric battery is normally used for the following system:
-
Photovoltaic Solar Home System

-
Pico hydro system

-
Small wind energy converter

-
Decentralized Photovoltaic (stand-alone or hybrid) system

In many conventional applications, batteries are normally kept under trickle-charge conditions. Once the battery has been deeply discharge, it is fully charged again under its ideal conditions. Similarly in traction applications in fork-lift or electric car, the battery are deeply discharged during the day but a relatively a long period is available to charge the batteries back to its nominal conditions.

In photovoltaic and other similar applications, batteries are charged and discharged daily. Sometimes, the batteries are not able to be fully charged even in the sunny day after these have been fully discharged. During the bad weather, the batteries often exposure to a low state of charge for some weeks. Also, being a tropical country, batteries are exposed to high ambient temperature varying between 30 (C and 35 (C. All these extreme conditions may reduce the battery life time quite significantly.
Water Storage

Storing a water mass at high altitude is a simple method to store energy. In many countries, this method is used to store energy during the time where the surplus of energy supply occur because of low energy demand. This normally done in combination with pumping station, where the water is pumped into a water storage located at high altitude and re-used again (during the time when the energy demand passes the supply capacity) by flowing the water through the same water pipe and machineries. In this case the pump acts as a turbine and the motor acts as generator. Indonesia has yet no experience with such a scheme but, as will be discussed later, the water storage system has been utilized in combination with the utilization of micro-hydro scheme.

In photovoltaic system the use of water storage has also been applied as a standard design for photovoltaic pumping system. Instead of storing the surplus electricity into electrical battery, it will much more be efficient and, also, relatively cheaper to store in the form of water. Therefore most of today’s photovoltaic pumping systems are designed as direct coupling. Consequently, it requires larger water tank.

CASE STUDIES
The application of storage system in some renewable energy systems installations for electricity generation, including; photovoltaic solar home system, photovoltaic decentralized and hybrid system, and micro-hydro plant will be discussed in this section..
-
PV Solar Home System (PV-SHS)
Since its introduction through a pilot project at Sukatani Village, West Java in 1987 by the Indonesian Agency for Assessment and Application of Technology (BPPT), PV-SHS is became one of the popular PV applications in Indonesia as a mean to provide electricity at remote villages. PV-SHS is normally applied at the area where the individual houses are scatteredly distributed. Currently, the system is sold as a package system consisting of PV panel, battery, controller, lamps and socket for connection to electronic appliances (radio & TV). The schematic arrangement of the system is shown in the Figure 1.
Typically the main specification of PV-SHS component is as follows:

1 pc
PV Panels
50
Wp

1 pc
Battery
70
Ah, 12VDC

3 pcs
TL Lamp
8
Watt/each
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Figure 1 : Schematic Diagram of PV-SHS Package
This specification is designed based on the electricity consumption of 150 Wh with the daily solar irradiation of 5 kWh/m2. 

The battery used for PV-SHS is normally that of the so-called modified car battery. The allowable depth of discharge (DOD) this type of battery is typically about 40-50%. Size of the battery is normally optimized for three autonomy day (i.e. a number of consecutive day without sun). The three autonomy day is determined based on the worse case condition in Indonesia. Thus, the battery should be able to store approximately 450 Wh. For a 12VDC battery, this equals to a capacity of 37.5 Ah. Given the above DOD, the PV-SHS needs to be equipped with the battery capacity of 65-75 Ah. 
The statistical data from the operation of PV-SHS, the battery is normally last after two years of operation. 
The end user installed price of PV-SHS in Indonesia is about IDR 3 Million (USD 350) per unit. Breakdown of the installed PV-SHS is presented in Figure 2. Cost of PV panel contributes almost 70% of the total investment of PV-SHS, followed by battery controller and battery at 16% and 12%, respectively. 
The maintenance and operation of PV-SHS is basically very low. It needs only one full time person in the village to monitor, repair, maintenance, etc. for every 100pcs PV-SHS installed. The life cycle cost monitored over 20 years can be broken-down into several cost component as presented in Figure 3. It is shown that the highest cost component for PV-SHS operation is spent for battery with 34% share, followed by PV panel, battery controller, and lamps with 21%, 20% and 15%, respectively.
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Figure 2 : Investment Cost of 50 Wp PV-SHS (approx. USD 350 Wp)
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Figure 3 : Life Cycle Cost Breakdown of 50Wp PV-SHS.
-
PV-Diesel Hybrid System at Penaah
PV - Diesel (PVD) Hybrid at Pena’ah island was initiated in 1998 based on the request of the Province of Riau (Pemda Riau). As part of the existing cooperation between BPPT and the Bavarian Government of Germany in BIGSOL, two hybrid systems are constructed at the two islands of Pena’ah and Beting. The operational experience on PVD Hybrid at Pena’ah island will be presented in this section
Pena’ah is a tiny island village located at the Province of Riau. The island can be reached from Tanjung Pinang of Bintan Island by a ferry for approximately 5 hours. Geographically is situated approximately 0(04( S and 104(49( E.. Pena’ah is populated by 83 families with 300 peoples. Most (approximately 90%) of the populations are fishermen.

Pena’ah island is almost completely isolated during the monsoon period (September – January). During the long- and high monsoon period, People at Pena’ah face the so-called dark season as there almost no-light in the evening. During this period people can only eat fish which they can catch around the island. Therefore, the provision of solar electricity will help population. PVD Hybrid system at Pena’ah island has been put into operation since July 2001. The PV array installation at the island is shown in Figure 4.
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Figure 4: 12.5 kWp PV-Diesel Hybrid System at Pena’ah Island
Power demand required to fulfil Pena’ah community to be utilized for 83 families using 5 lighting points for each with reasonable utilization for TV and radio’s during day light till mid night is approximated 80 – 100 kilowatt hours per day. There were originally two options of PV-system design for Pena’ah, i.e. a decentralized stand-alone PV and PV-Diesel Hybrid systems. The  energy profile of both system are presented in Figure 5 and 6, respectively. 
As it can be compared, a stand alone PV requires almost double capacity for the PV generator and the battery. At the time the system was designed, PV-Diesel Hybrid System provided the least cost solution for electricity provision at Pena’ah island.
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Figure 5 : Decentralized Stand-alone PV System
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Figure 6 : PV-Diesel Hybrid System for Penaah

Based on above data, the PV-Diesel Hybrid is designed with the capacity of 12.5 kWp PV generator and approximately 20 kVA diesel fuel power generator sub system. It delivers electricity of approximately 36 MWh to the community. Electric power being generated by PV system is stored in battery subsystem equipped with an integrated bi-directional inverter. Electric power than transported to the community through local network. The schematic diagram of the system is shown in Figure 7.
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Figure 7 : Schematic Configuration of PV-Diesel at Pena’ah.
The battery used in PV-D Hybrid is that of stationary lead-acid battery and equipped with so- called Aquagen to recombine the hydrogen and oxygen into water. This aquagen is simply installed at the distillate filling hole on top of the battery as shown in Figure 8.
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Figure 8 : Stationary Battery Used at PV-Diesel Hybrid at Pena’ah.

Total investment of PV-Diesel Hybrid at Pena’ah is approximately USD 150,000. Breakdown of the cost components is presented in Figure 9. As shown in the chart the cost of battery reaches 34% from the total investment. The lifetime of the battery is expected to be more than 10 years. Considering a battery lifetime of 10 years, the cost of battery reaches 39% of the life-cycle cost of the system (Figure 10). It is again indicated that the life-cycle cost of battery is considerably high compared with the other components.
The cost reduction on the battery on one side and improve its lifetime is therefore imperative to enable bring the life-cycle cost of a stand alone PV-systems down.
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Figure 9 : System Cost of PV-Diesel Hybrid

-
Stand-alone Micro-hydro Plant at Dewata Tea Estate

Prior to the completion of the micro-hydro plant, the 600 hectares Dewata tea estate which produces 1,200 tons of made tea per year, relied exclusively on diesel generators to supply power for running the factory and supplying estates workers’ houses with lighting. The project idea started to take shape toward the end of the 90’s when diesel fuel was still highly subsidized. Therefore, the trigger to build the MHP was a combination of the desire to help preserve the forest and an awareness that sooner or later fuel prices would have to increase with the removal of subsidies. Through the implementation of this project, PT. Chakra (the owner of Dewata tea estate) sees a window of opportunity to encourage other estates follow their example for both economical and environmental reasons. By owning and operating an MHP project, it becomes imperative for the owner to conduct catchment area preservation activities to ensure a sustainable continuous flow of water.
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Figure 10 : Life-cycle Cost Breakdown of PV-Diesel Hybrid

Until 2003 the Dewata tea estate was representative of many of the estates in West Java relying on captive diesel power to supply their factory and other energy requirements within the estate. The majority of the tea estates in West Java are typically located in remote highland areas. When first built, positioning of the factories was largely influenced by the availability of a reliable energy source, in most cases small-scale hydropower. 
By 1925 approximately 400 mini hydro-schemes were operating in Java providing more than 12 000 kW of power to the tea industry. As a result of decades of highly subsidized diesel fuel, however, most of these schemes were abandoned in the 60’s and 70’s and replaced by diesel generators. Of the few which remain operational, most are outdated and in serious need of repair and refurbishment.

In 1999 with the assistance of Entec AG, a Swiss company specialized in mini hydro power development and Mini Hydro Power Project (MHPP), PT. Chakra carried out a feasibility study to assess the viability of harnessing the hydraulic potential of the Cikahuripan River which runs through the Dewata estate for power generation. MHPP is a cooperation project between the Government of Indonesia and the Federal Government of Germany executed through the Directorate General of Electricity and Energy Utilization (DGEEU) and the German Technical Cooperation (GTZ), respectively. On the basis of the study’s findings and the projected fuel price increases, PT. Chakra decided to go ahead with the building of a 2 x 125 kW micro-hydropower plant of a conventional “run of river” design.

The main technical specifications of MHP Dewata are shown in the following table.

	Main Technical Specifications:

	Power Output: (P)
	2 x 125 kW

	Design Flow: (Q)
	600 litres / sec.

	Net Head: (Hn)
	64 meters

	Intake: 
	conventional diversion weir & side intake

	Headrace Channel:
	572 meter stone masonry open channel

	Storage Tank Capacity:
	2 275 cubic meters 

	Penstock Pipe:
	Ø 600mm / thickness 6mm / length 194 meters

	Electrical Transmission: 
	1 km long 20 kV line

	Turbines:
	2 x X-Flow T14 bo 160mm / dia.300mm

	Generators:
	2 x Hitzinger 185kVA/1000rpm

	Governor / Control System:
	Entec AG - Digital Turbine Controller (DTC-Vario)

	Mechanical Transmission:
	direct drive couplings


Figure 11 provides a brief summary and photo illustration of the various technical components of the scheme. 
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Figure 11 : Aerial Overview of MHP Dewata
The demands of a remote tea factory such as Dewata where the factory operates 24 hours a day and the load is constantly varying, presents very challenging conditions for a mini hydropower plant to handle. The scheme had to be designed in order to operate both independently and in tandem with the existing diesel gensets. Although the scheme substitutes in excess of 80% of diesel previously used, there are periods during the dry season where the river flow is insufficient to supply the full energy demand. The scheme therefore had to be designed in a way which ensured the minimum amount of diesel was used during these periods. This was achieved with the integration of a storage tank into the water conveyance structure. The scheme can continue to supply peak power even when stream flow is insufficient, with the result that the storage tank level will gradually decrease. Provided the buffer capacity is large enough, no diesel is required at all even though for a period of time the power demand exceeded the hydraulic potential of the river. Only when peak power is required for prolonged periods (such as when both the green tea factory and the black tea factory are running simultaneously) during particularly dry periods is it necessary to shut down the hydro plant to allow replenishment of the storage tank (so-called cycle operation mode). Figure 12 illustrates how the storage system works. 
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Figure 12 : Hydraulic Storage System of MHP Dewata
The storage basin is constructed from stone masonry lined with cement (Figure 13). It features an innovative under floor drainage system incorporating drainage pipes in layers of gravel, natural fibre and PE sealing. This design ensures that any accumulation of water under the stone masonry floor is immediately drained away avoiding possible uplift of the basin when emptying. The tank has a capacity of 2 275 m3 which allows the plant to operate at full power output for 2 hours even when there is only half the design flow available in the river during very dry periods. This provides the factory with a high degree of flexibility amd efficiency in the plants operation. The tank is strategically positioned to the left of the estate access road. Its position is a safe distance from the valley slope down to the river and also required a relatively small amount of excavation work as it is strategically cut into the hillside.
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Figure 13 : Water Storage Construction at MHP Dewata

FUTURE PROSPECTS
There are many opportunity to store energy in combination with distributed generation in Indonesia. There are, among others, hydrogen storage and pumped (hydraulic) sea water storage. There is quite prospective possibility to store in the form of hydraulic energy by pumping sea water to the on-shore hill which is located along the south coast of Java island using the distributed renewable energy as well as using grid electricity during low demand. The altitude height can be as high as 200 meter.
One example, which is currently under planning, is the utilization of wave power. The Government of Indonesia in cooperation with Norwegian government, has made investigation to exploit wave energy sources using the so-called Tapered Channel (TAPCHAN) technology. A 1 MW TAPCHAN power plant is considered to be constructed at Baron, as part of Renewable Energy Park at Baron eco-tourism resort (BETR) being planned by the Government of Yogyakarta. Tapered channel is basically a channel with wide opening in the front (called collector) and very narrow at the end. With this structure, a tapered channel allows the conversion of the kinetic energy of the wave (wave flux) into a potential energy forms. With this principle the sea water entering the collector will be “pumped” into a large water reservoir located on-shore. Using the conventional water turbine, water from reservoir will be returned back to the sea thus generating electricity. The artist view of the tapered channel wave plant is presented in Figure 14. The average wave flux and the annual output of the wave energy in Baron are 15 kW/m and 5.6 GWh/year.
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Figure 14: Artist View of 1 MW Tapered Channel Power Plant at Baron

The site study concluded that optimum dimension of the Tapered Cannel Power Plant at Baron is specified as follows:

-
Collector width opening
100
m

-
Reservoir area
7,500
m2

-
Water top level
+4
m-ASL

-
Bottom level
+2.5
m-ASL

-
Nominal Head
+4
m

-
Type of Turbine
Kaplan 

-
Generator capacity
1.1
MW

-
Annual Electricity Generation
6,225 
MWh

The renewable energy park at Baron is planned to cover the power demand for BETR and surrounding villages which is estimated 5 MW. It is planned to be fulfilled by:
-
Wave Power Plant
1
MW

-
Wind Park
3
MW
-
Solar Park
1
MW
The scheme will be a combination between the interconnection system through Java-Bali grid and hydraulic storage system of sea-water. Renewable energy park will be developed as interdepartmental cooperation consisting of, among others: 

-
Directorate General of Electricity and Energy Utilization (DGEEU) of the Ministry of Energy and Mineral Resources (MEMR).

-
Agency for Assessment and Application of Technology (BPPT)

-
National Institute of Space and Aeronautic (LAPAN)

-
University of Gajahmada (UGM), Yogyakarta

-
State Owned Electricity Company (PLN)
CONCLUSION
From the above discussions, one can concludes as the followings:

-
Storage system remains or plays an important role in distributed generation, particularly for the renewable energy system applications.
-
Cost of RE distributed generation, particularly a stand-alone PV system, is influenced by the cost of battery. Hence, there is a need to reduce the battery cost and increase the battery lifetime to enable bring both the investment- and lifecycle costs of renewable energy systems down.

-
Hydraulic storage (pumped water) can be one of alternative energy storage system for RE applications.
-
Utilization of pumped sea water as a storage has an economic potential to be developed along the south-coast of Java island. It can be used to fill the valley during low demand of Java-Bali grid or in combination with the utilization of distributed renewable energy sources.
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