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Smart Grid View
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The Smart Grid can be defined as an electric system that uses information, two-way,
cyber-secure communication technologies, and computational intelligence in an 
integrated fashion across the entire spectrum of the energy system from the generation 
to the end points of consumption of the electricity.

Hamid Gharavi, Reza Ghafurian, Fellow IEEE
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Application of LIB in Electrical Power System

Battery Energy Storage Systems (BESS)



The Needs of Energy Storage System

Electricity that can be generated is fixed over
short period of time but the its demand
fluctuates constantly. Managing this flow of
energy to meet grid demands is essential and
very challenging.

For Utility Scale sized projects ( > 5 MW)
Advanced Energy Storage technologies play an
integral role in storing electrical energy so it
can be available to meet consumer demand at
peak times.

Need for storage will continue to increase due
to:
• Development of large amounts of

renewable energy sources
• Management of an antiquated Utility Grid

Network
• Higher Energy (Demand) Costs

Peak load : 26814  MW at 18:00

Reserve : 559 MW 

Daily load curve

Source : http://hdks.pln-jawa-bali.co.id/app4/system.php
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Energy storage system offer possibilities for improved energy
generation and access:

• Displace expensive and emissions-intensive 
diesel-based generation.

• Improve efficiency and profit of existing 
generating assets

• Reduce overall emissions
• Increase adoption and profitability of renewable 

energy
• Create local jobs
• Provide environmental benefits

Potential Benefits of Energy Storage System



Battery Energy Storage System (BESS)

 Energy Storage System is a general 
term for the ability of a system to 
store energy using thermal, electro-
mechanical or electro-chemical 
solutions. 

 A BESS typically utilizes an electro-
chemical solution.

 all Energy Storage Systems capture 
energy and store it for use at a 
later time or date. 

 Examples of these systems: pumped 
hydro, compressed air storage, 
mechanical flywheels, and now 
BESSs.



Why is BESS gaining popularity?

 All types of BESS offer pros and cons in terms of
capacity, discharge duration, energy density, safety,
environmental risk, and overall cost.

• Decreasing costs - BESS technology has been a 50%
decrease in costs of energy storage over the last two years.

• Security of supply - they improve energy security by
optimizing energy supply and demand, reducing the need to
import electricity via inter-connectors, and also reducing the
need to continuously adjust generation unit output.

• Financial incentives - Many governments and utility
regulators are actively encouraging the development of
battery storage systems with financial incentives.



Why BESS over other storage technologies

 Advantages : 
• it has small footprint 

and no restrictions on 
geographical locations.

• BESS utilizing Lithium Ion 
technology offer high 
energy and power 
densities that are 
suitable for utilizing at 
distribution transformer 
level.

 Energy and power 
densities of some 
technologies:
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BESS Utility Applications

Source: Clean Energy Ministerial



Estimated Fuel
Savings and System
Costs of Energy
Storage
Technologies in
Remote Microgrids
by Battery Type,
World Markets: 3Q
2016

Source: Navigant Research

Utility-Scale Energy Storage System
Cost Trends by Technology, Global
Averages: 2014–2024

Energy Storage System Cost Trends



Battery Energy Storage Value Chain

Source: Rocky Mountain Institute’s The 
Economics of Battery Energy Storage
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BESS Across the Value Chain

Storage solutions for every step of the value chain

Source: Clean Energy Ministerial



Battery Energy Storage Value Chain

Source: Navigant Research

ESSs are not all created 

equal; services, 

functionalities, and pricing 

structures can vary from 

project to project. However, 

certain components remain 

consistent for utility-scale 

and distributed 

deployments.
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Important Considerations for Battery Selection
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https://en.wikipedia.org/wiki/Battery_storage
_power_station

Recent Development of Largest Grid Batteries

https://en.wikipedia.org/wiki/Battery_storage_power_station
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Indicative BESS Demonstration Projects*

*This is a indicative list of projects. It is not meant to capture all of the active ESS demonstration projects 
in any of the countries listed or globally Source: Clean Energy Ministerial
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• An in-house 2.4-MW test plant is

currently being built on-site at SMA

in Niestetal, Germany to test new

system technologies and certify new

products for megawatt-class

hybrid and storage systems.

• At the university of Arizona in Tucson, USA,

SMA has developed a 500-kilowatt

battery inverter which, in combination with

a 200-kWh lithium ion battery, is capable

of balancing fluctuations in solar power

generation
• The world’s first modular, large-scale

battery storage system with a capacity of

6.25 MW is being built in Aachen,

Germany.

The SMA large-scale storage concept consists of

the following components:

• Sunny Central Storage battery inverter, with

transformer and medium voltage switch gear

integrated into a container station.

• Power Plant Controller acts as the smart

interface for the PV battery system

• Battery storage system with optimally adjusted

power and capacity

Source: SMA’s courtesy

SMAs Sunny Central Storage
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 On February 24th, 2017, San Diego Gas & Electric 

(SDG&E, San Diego, California) showcased a 30 

megawatt (MW) lithium-ion battery energy storage 

facility in partnership with AES Energy Storage, which 

will enhance regional energy reliability while 

maximizing renewable energy use.

 The energy storage facility is capable of storing up to 

120 megawatt hours of energy, the energy 

equivalent of serving 20,000 customers for four hours.

 The 400,000 batteries, similar to those in electric 

vehicles, were installed in nearly 20,000 modules and 

placed in 24 containers.

 By 2030, the company expects to develop or 

interconnect more than 330 MWs of energy storage 

on the system.

30 MW (120 MWh) San Diego Gas & Electric, California

https://www.eseexpo.com/cgi-
bin/md_energy/lib/pub/tt.cgi/SDG_E_unveils
_30MW_120_MWh_LI_battery_energy_stora
ge_facility.html?oid=6866&lang=2&ticket=g_
u_e_s_t
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Kokam has announced total 40 megawatt-hours of
solar-connected battery capacity in South Korea.
Kokam's High Energy Lithium Nickel Manganese
Cobalt Oxide (NMC) battery technology to deliver
the safe, energy dense storage the projects need
for renewable capacity firming and energy time
shifting.

The plan foresees adding 48.7 gigawatts of
renewable energy to the country’s electricity mix
between 2018 and 2030. Of this, 63 gigawatts will
be solar, which the government fears could
destabilize the grid if not coupled to some form of
energy storage system (ESS).

Source: KOKAM’s courtesy

Kokam Installs 40 MWh Storage in South Korea

Kokam ESSs will deliver an estimated annual savings
of US$13 million in fuel costs
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Tesla's facility at Hornsdale Wind Farm 

Tesla’s massive Powerpack battery project
in Australia is quite financially successful

The giant battery cost ~$66 million and it
reportedly already made up to $17 million
during the first ~6 months of operation

Tesla’s 100MW/129MWh Powerpack
project in South Australia provide the same
grid services as peaker plants, but cheaper,
quicker, and with zero-emissions, through
its battery system.

Tesla’s Massive Powerpack Battery

Source: https://electrek.co/2018/09/24/tesla-powerpack-
battery-australia-cost-revenue/



21

Zhangbei, China, Wind Energy Time Shift and Ancillary Services

Source: Clean Energy Ministerial

Hybrid wind power + Solar PV Generation + Lithium-ion Battery Energy Storage: 216 MW

Location : Zhangbei County, Hebei Province, China
Project Status : Commissioned: 2011
Rated Capacity : Total 216MW (wind 100MW, Solar PV 40MW, Battery storage 20-36MW)
Owner : State Grid Corporation of China (SGCC)
Cost : $1.88 billion (first phase investment: $550 billion)

As of completion in 2011, the Zhangbei National
Energy Storage and Transmission Demonstration
Project is the world’s first and, to date, only
utility-scale hybrid renewable energy plant to
integrate utility-scale wind and solar PV
generation with large scale lithium-ion battery
energy storage
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LIB for Electric Vehicles



Early Battery Vehicles
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Electric Tricycle, 1881 Battery Bus, 1894 La Jamais Contente, 1899

Passenger Wagon, 1891 Pope-Waverley
electric runabout, 1905

Thomas Edison (left) with 
a Bailey Electric,  1910

Source : Towards Sustainable Road Transport, Ronald M. Dell et al, 2014



Look Back in History

24Source : Electric Vehicle Battery Chemistry and Pack Architecture, 2018



World’s Top-10 Best-Selling Electric Car (2018)
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Global EV Sales & Penetration Rate
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Top-10 EV-Battery Manufacturer
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Types of Electric Vehicles

28Source : Electric Vehicle Battery Chemistry and Pack Architecture, 2018



Different Structures of Electric Vehicles
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Battery Pack Architecture in Electric Vehicle

30Source : Electric Vehicle Battery Chemistry and Pack Architecture, 2018



Battery Pack Architecture in Electric Vehicle
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Source : Charles Hatchett Seminar, England 2018

Top Enclosure

Bottom Enclosure

Electronic Management
System

Battery Module

Thermal Management
System



Weight Distributions

32Source : Cedric Weiss, PhD 2018



The Value Chain for Electric-Car Batteries
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EV vs ICE Estimated Industry Cost
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BEVs are 35% More Expensive than ICE Vehicles
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Classification of Li-ion Batteries

36Source : Roadmap integrierte Zell- und Batterieproduktion Deutschland, 2016. 



Performance Requirements of Battery Application
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Trade-off among the 5 Principal Li-ion Technologies
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Batteries Manufacturing Cost 

39



Battery Cost will Decline from 2009 to 2020
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Lithium-ion Storage Technology Price Development
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Cost Comparison of Battery Cell Production
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Evolution of Battery Energy Density and Cost
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Factory-of-Future Concept for Reducing Cost
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Purchasers of Electric Cars Could Break Even Point (BEP) 
in 1 – 5 Years
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Alliances are Likely to Following the Shift

46



Recent Lithium Contract with Manufactures
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Original Equipment Manufacture Ambitions
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Source : IEA (2017)



Recent Capacity Expansion Announcements

49Source : The Global X Lithium & Battery Tech ETF, 2019



Battery Cell Production Process
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Battery Cell Production Process
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Expected Battery Commercialization Timeline
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Battery Related Investment
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Strategies for Current and Future Battery Players

54Source : Arthur D. Little analysis



Batteries End of Life Options

55Source : the role of battery electric cars in the EU power system and beyond, 2019



The Fate of Recovered Batteries

56Source : the role of battery electric cars in the EU power system and beyond, 2019



Future Batteries
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Solid State Lithium Battery

Source : Xu, Lin et al. “Review Interfaces in Solid-State Lithium Batteries.” (2018).



Future Batteries

58Source : IBM looking to put lithium-air batteries on the road, 2012

Lithium Air Battery



6-Key Policies in the Next-Generation Vehicles Strategy
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OUR EXPERIENCES

LIB-based Portable Energy Sources for 

DC House System and Emergency Response



TABUNG LISTRIK (TALIS) PROTOTYPE
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TaLis can be designed according to the 

needs. We have made prototypes with 500 –

700 Wh, and output voltage of 12/48 VDC as 

well as 220 VAC.



TALIS FOR SCHOOL’S BUILDING
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Inauguration Ceremony of DC House System

A Class Room Powered by TaLis

Inauguration

Solar Rooftop + TaLis has been implemented in Sekolah Master 

Indonesia, Terminal Depok, Nov. 2017 supported by WIKA. 

TaLis is designed to be working as free-maintenance system

3 kWp Solar Rooftop 3 Unit Implemented TaLis November 2017



DC HOUSE SYSTEM : PONPES ALKARIMIYAH
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 Implemented at Pondok Pesantren Al-
Karimiyah, Depok

 The system was composed of 3 kWp
solar PV rooftop (DC House System) 
and 1 kWp solar-powered submersible 
pump

Pondok Pesantren at Night

An auditorium powered by DC HouseInauguration Ceremony Inauguration Ceremony

Solar Rooftop and DC House System at Pondok Pesantren Al-Karimiyah. 

Community service Program from DRPM UI (IDB Prize for Science and Technology)

Agustus 2018



TALIS FOR EMERGENCY : CACAR ASMAT PAPUA
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TaLis Sumbangan ILUNI FTUI untuk Asmat, Papua

Para Relawan dan Personel TNI di Kolf BrazaPenyerahan TaLis oleh Direktur DRPM kepada Bupati Asmat

Penyerahan TaLis oleh Direktur DRPM kepada Dansatgaskes TNI

Februari 2018



65

TALIS FOR EMERGENCY : EARTHQUAKE IN LOMBOK

PT. Wijaya Karya (Persero), PT. Astra, KAGATRIK UI, Pegawai Bank Mandiri, under auspice 

of  DRPM UI (UI Peduli) donated TaLis for volunteers during emergency response in Lombok 

earthquake

Penyerahan TaLis + Lampu LED dari WIKA TaLis saat digunakan relawan

Penyerahan TaLis kepada Warga/RT Solar Charger 2 x 50 Wp

ASTRA menyerahkan Talis ke

Walikota Mataram

TaLis untuk backup Pendingin vaksin

September 2018



TALIS FOR EARTHQUAKE & TSUNAMI IN PALU
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2 Unit TaLis + Lampu LED + Solar Charger dari KAGATRIK UI dan

Masjid Almukhlisun GDA, Depok

TaLis ketika digunakan oleh Para Relawan di Palu

2 TaLis + LED + Solar Charger dari IEEE Indonesia

Donasi TaLis kepada Kadinkes Prov. Sulteng

Oktober 2018



TALIS FOR ANY PORTABLE ENERGY NEEDS
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Prof. Danardono, Dr.-Ing. Nasrudin, dan Dr.-Ing. Mohammad Adhitya (DTM FTUI) menggunakan TaLis untuk mengecas HP

Rangkaian Dalam TaLis UI terdiri dari Baterai dan Konverter

INFORMASI LEBIH LANJUT

Alamat : Departemen Teknik Elektro, Fakultas Teknik

Universitas Indonesia, Kampus Baru UI Depok 16424 

INDONESIA

Contact : 

Ir. Chairul Hudaya, ST., M.Eng., Ph.D., IPM

SMS/WA : 081295166665

Email : c.hudaya@eng.ui.ac.id



ELECTRIC VEHICLES : BUS AND PASSENGER CAR
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 RCAVe (Research 
Center for 
Advanced 
Vehicle) is a 
research center in 
UI aimed at 
solving the 
environmental 
and 
transportation 
challenges.

 We are a multi-
disciplinary 
research center 
combining the 
expertise and 
experiences from 
various 
engineering fields



RCAVe TEAM DIVISION
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MT2MT1



RESEARCH ACTIVITIES AT RCAVe
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Charging Station

Converting conventional car

Battery Assembly

Battery Management System
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