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    Special Issue on Smart Energy Solutions


    ■EV charging infrastructures


    Technological Developments Supporting Deployment of EV Charging Infrastructures


    Although the electric vehicles (EVs) are expected to be marketed as clean vehicles without emissions, the preparation of charging infrastructures will be an essential requirement for their popular acceptance. NEC is developing an EV charging infrastructure system that is equipped with remote operation/maintenance and energy control functions as well as an authentication/billing function. This will allow the business operators to install and operate charging stations efficiently and safely. In addition, NEC is also advancing activities for standardizing the system interfaces between various vendors for making the charging stations usable by anyone regardless of the system vendors or business operators. This paper introduces our activities for supporting the preparation of EV charging infrastructures.


    Development of Battery and Charger Integration System (BCIS)


    NEC has developed a Battery & Charger Integration System (BCIS) to support the burgeoning infrastructure for electric vehicles (EVs). The system controls several quick chargers and large capacity stationary batteries and thereby enables charging time reductions and peak charging power reductions while simultaneously charging multiple EVs. By conducting field trials as part of the Yokohama Smart City Project (YSCP) while linking with the Community Energy Management System (CEMS), we are aiming to examine how much BCIS can contribute to the demand and supply adjustment for community. This paper introduces an outline of the BCIS and of its field trials.


    EV Development Test System for the Evaluation of Electric Power Trains


    EV development test systems are used to test the performance of motors and inverters for hybrid and electric vehicles by simulating the behaviors of the component parts of an electric power train. They are compatible with HILS systems, which simulate an entire vehicle by combining an EV power emulator and a vehicle control simulator. This paper outlines the recent technological advances in EV development test systems and introduces a battery charge-discharge test system.


    The Large-Capacity EV Fast Charger “TQVC500M3” and the CHAdeMO Protocol Supporting the Charging Infrastructures


    Preparation of battery charging infrastructures is the key to the dissemination of electric vehicles. Some types of EV chargers are already available according to applications. We would like to introduce the need for the CHAdeMO protocol that allows any vehicle to be charged optimally and the functional specifications and technologies applied to the large-capacity EV Fast Charger “TQVC500M3” that features battery recharging at the most rapid rate.


    Development of a Charge Controller for EV Charging Services


    EVs and PHVs are about to start spreading due to growing environmental awareness. However, since significant electric power is required to charge these vehicles, it is not easy to install new charging facilities in the car park of an existing apartment building.Accordingly, we have developed a charge controller as a key device for realizing the provision of safe, secure and convenient charging services so that a user can reliably use charging services outside the house, even for EVs and PHVs, just like refueling a gasoline vehicle. A single charge controller can control multiple chargers and enables not only support of charge operations but efficient management of authentication/billing and charger operation through collaboration with EV charging cloud services.


    ■Energy storage system


    Household Energy Storage System featuring Efficient Power Management and Environmental Compatibility


    NEC is marketing a lithium-ion battery-based household energy storage system capable of the automatic control of power consumption in households. Based on extensive use of NEC’s energy storage, control and cabinet technologies, it is an energy storage system for houses that is capable of efficient interconnection with grid and solar-generated power sources. This paper gives an outline of this energy storage system and describes the individual technologies that are used.


    Development of Large-scale Energy Storage Systems and the Strategy of Global Deployment


    NEC has been developing an energy storage system for industrial and grid use. We have been applying our expertise in this regard in developing the energy management system of the “Yokohama Smart City Project (YSCP)” selected as “Next-Generation Energy and Social Systems Demonstration Areas” implemented by the Ministry of Economy, Trade and Industry in Japan. We have also conducted the overseas field trials of a largescale energy storage system using a lithium-ion battery technology in collaboration with the U.S. Electric Power Research Institute (EPRI). Furthermore, we have started to examine the introduction of an energy storage system for the Italian electricity company Enel and a self-sustained power supply system for the Indonesian islands.


    Lithium-Ion Rechargeable Battery Technology Realizing High Safety and Long Life


    We at NEC Energy Devices, Ltd. develop and manufacture large-capacity lithium-ion batteries (LIBs) for use in electric vehicles (EVs) and large energy-storage devices. The LIBs of the NEC brand feature a manganese positive electrode with a laminated structure in order to achieve high safety and long life. We have established a mass-production method, achieving an annual electrode production capability of over two million kWh. At NEC Energy Devices, Ltd., we utilize our unique technology and mass-production capability to provide low-priced electrodes and batteries not only for EVs but also for drive power supplies and power supplies for energy storage as well.


    Lifetime Extension Technology for Lithium-Ion Secondary Batteries


    NEC Green Innovation Research Laboratories have developed a lifetime extension technology for laminated lithium-ion batteries (LIBs) using manganese positive electrodes featuring safety and high abundance as a resource. This technology uses a NEC-original electrolyte additive and maintains a capacity of 85% even after about 20,000 cycles (1,435 days). Based on the test results, including the above data, a lifetime prediction simulation was performed with an LIB drive pattern assuming the battery-charge from a commercial power supply at nighttime. It was concluded that in the Tokyo area the period until the capacity is halved from the initial capacity is 32 years. This paper introduces the activities summarized above.


    Multi-source Power Conditioner Enables Highly Efficient Use of Various Energy Systems


    The key to realize a low-carbon society is the efficient use of a variety of energy systems.We would like to introduce the functional specifications and technical details of a multi-source power conditioner that combines optimally storage batteries and solar power generation etc.


    ■Energy Management System (EMS)


    Efforts Aimed at HEMS Solution


    Interest in HEMS (Home Energy Management System) is growing as a technological solution to achieving energy supply stabilization and greenhouse gas reduction. NEC has been involved in the experimentation and verification of HEMS, such as measuring the impact of “visualization.” Based on these results, NEC developed the HEMS Solution and began marketing it from July 2011. This paper introduces our efforts until now, the characteristics of the solution, and its future possibilities.


    Promotion of Energy Visualization Leading to Business Improvement


    Under the increasing severity in the availability of power supplies and the associated legal restrictions, the visualization of energy is evolving from simple viewing to visualization for the improvement of business. This paper introduces methods of visualization and analysis for the latter purpose together with actual case studies.


    “EnePal Office” to Support Office Energy Saving


    Ever since the Great Tohoku Earthquake, energy saving on the part of businesses has become an urgent task in Japan. And increasingly more attention is being focused on the office, where energy-saving measures have taken longer to adopt. This paper introduces the SaaS type service “EnePal Office” which supports energy-saving at offices that are lagging behind, by not only applying “Visualization” to office energy consumption but also by providing a Navigation System to help save energy.


    “Smart Buildings” (BEMS) to Optimize the Energy Supply and Demand Control of Buildings


    The Great East Japan Earthquake of March 11, 2011 has changed our attitude regarding energy supply in Japan. In the past, we needed only to follow the guidelines of the annual energy usage amount indicated in the “Revised Act on the Energy Saving.” However, we are now and in the future requested to personally comprehend the per-hour energy usage amount per building and even for each area or section of a building. The summer of 2011 was the so-called “summer of patience,” and enterprises were asked to reduce their investment in facilities, etc. However, for the winter of 2011 towards the summer of 2012 and into the future we have been requested to introduce systems to monitor energy wastage and to control energy usage for optimum saving. NEC offers solutions for the “visualization” and “optimum controls for saving energy” as well as “Smart Buildings” (BEMS) to provide optimum energy supply and demand by developing grid interconnection control systems. These solutions are intended to support energy storage and to enable the creation of stable energy supply.


    Energy Management System Using ICT


    Our world is undergoing radical changes with the rapid spread of photovoltaic (PV) power generation and Japan’s review of energy policy since the earthquake. We can say that it is becoming increasingly important to finely control a proper balance of the power grid as we shift from an age of merely “purchasing” electricity through a power company to an age of “producing” and “saving” electricity on the demand side. NEC is effectively using the basic technology cultivated for many years in the construction of monitoring control systems for social infrastructure equipment. Quick monitoring control technology is being developed over a wide area and is being demonstrated for energy equipment installed in various social infrastructure equipment or users’ premises. This paper introduces its development and future product development.


    NEC’s Approach towards Advanced Metering Infrastructure (AMI)


    Since 2006, NEC has been a participant in a project reviewing the possible automation of meter reading by power utility companies, aimed at developing and validating a communication method for so-called smart meters. Automated meter reading started out as a way of improving the power utility company’s meter reading efficiency, however together with heightened interest in smart grids today, expectations are high for its future potential applications.This paper discusses the scope of NEC support in regards to the validation project until now, as well as efforts toward utilization of smart meters in the future.


    ■Energy devices


    Pyroelectric IR Sensor with Surface Mount Capability


    Pyroelectric IR sensors have been used as human detection sensors in security applications because of their low power consumption, non-requirement of peripherals, possibility of human/object differentiation, and simplicity of wiring and signal processing circuitry. They are recently being applied as power conservation measures and for improving comfort and convenience by switching equipment operations based on the detection of human presence/absence. At the present time sensors incorporated in electronic equipment are subject to needs that were not previously relevant, such as compatibility with surface mounting as well as reflow soldering optimized for mass-production, a low sensor profile and resistance to the effects of vibrations and signals generated by other devices in the equipment. This paper introduces the pyroelectric sensor as a device that meets these requirements.


    Development of Organic Radical Battery


    The organic radical battery is a secondary battery using a plastic material containing stable radicals. It charges and discharges by the oxidation and reduction of radical species such as a nitroxyl radical. This battery features a high-power discharge capability and a flexible structure. In a high-power pulse discharge test, the thin organic radical battery presented no degradation in cell resistance even after 10,000 times of continuous pulse discharge (1-second pulses). The thin and flexible organic radical battery is considered particularly suitable for supplying power to compact ubiquitous devices in the future such as the highly functional smart card.


    Development of a Non-volatile Logic Technology Aiming at Electronic Equipment without the Need for Standby Power


    NEC is attempting to develop electronic equipment featuring both convenience and without standby power consumption by means of non-volatile logic technology using spintronic devices. NEC also expects that applying this technology in the wireless sensor terminals used for example in energy management systems will extend the battery replacement intervals significantly and thereby render the systems virtually maintenance-free.

  


  
    General Papers


    LED Ceiling Lights featuring Continuous Dimming Control and Color Mixing Functions Contribute to Energy Saving


    To achieve the top level of efficiency in the market of LED (Light-emitting Diode) household ceiling lights, NEC Lighting has developed a stylish LED ceiling light that matches various interiors. Recently developed, this equipment employs LEDs featuring a superior energy saving performance for the light source. It also introduces a technology that illuminates the entire device equally even to the center of the product, a function that was only achieved hitherto by the conventional fluorescent lighting equipment.


    The “MPCG” of Large-Current Choke Coils Using the Low-Loss Metallic Magnetic Material “Senntix”


    Recently, the decrease in voltage and the increase in the current demand of mobile notebook PCs have led to more importance being placed on improving the power loss characteristic. In order to meet this trend, NEC TOKIN has developed the MPCG series of integrally molded choke coils that feature improved power conversion efficiency by the use of a low-loss magnetic core material called “Senntix.” The series achieves a high-current energization capability and a significant reduction in core loss. It incorporates a flat rectangular conductor coil that is wound edge-wise and is fabricated with “Senntix” in a one-piece construction format. It is likely that the power load to the power supply system of electronic equipment will continue to increase in the future. We therefore intend to expand the product lineup and enhance the specifications of the MPCG series and to position them as optimum solutions for electronic equipment energy saving countermeasures by suppressing the amount of heat generated and improving their power integrity.
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    On March 11, 2011, the Great East Japan Earthquake struck. On that day we were not only reminded of the destructive power of a natural disaster, but also came face- to-face with our worst fears when the nuclear power plant suffered an accident. While a shift to the electrical power generation using natural energy sources such as wind, water and solar power has been gaining momentum principally in Eu- rope, the earthquake disaster and its consequences have caused a radical shift in attitudes toward natural energy in Japan.


    The key component to realize the large-scale exploitation of natural energy is stor- age batteries. These energy devices will be indispensable for stabilizing the balance of supply and demand for electrical power generated using the sun and wind - sources of energy whose power generation volume is dependent on weather conditions. In July 2011, NEC led the industry with the commercialization of a home-use power storage system that can work in collaboration with conventional power-supply grids, and began taking advance orders for this advanced system. This achievement leveraged the know-how behind the high degree of safe and reliable performance of vehicle storage batteries jointly developed by Nissan Mo- tor Co., Ltd. and NEC. Our aim is to pave the way for a “New Energy Society" founded on smart grid and smart city technologies that will enable the enjoyment of services by anyone, anytime and anywhere, and we believe that ICT, C&C Cloud, sensing and other technologies that are the strengths of NEC will be the foundation of a safer, more secure and comfortable life.


    In response to growing market needs for answers to environmental and energy issues, this special issue introduces the reader to solutions that employ energy de- vices developed by NEC.


    As mentioned above, storage batteries will be a vital component in the energy business of tomorrow, and we would like to introduce the reader to highly safe and reliable lithium-ion batteries and large-scale energy storage systems that adopt the hallmark battery technology of NEC: manganese-type laminated cells. These pa- pers will also provide you a look at a variety of energy devices such as energy management systems (EMS) that make the use of energy “visible" and apply the data for optimized control of your energy, and infrared sensor systems that contribute to energy savings. We would also like to touch on NEC’s work in the field of electric-powered vehicles (EV), which are expected to play an important role in the low-carbon society of the future and are sure to become an increasingly com- mon sight in coming years. Here NEC is tackling the development of a quick charging system which will be essential to widespread EV adoption as well as charging systems that work in concert with our ICT and C&C Cloud vision.


    Also Professor Rikiya Abe of the University of Tokyo has kindly consented to contribute a piece on the “Digital Grid" for this special issue. Simply speaking, the digital grid envisions a power supply system with a level of freedom of access and interactivity with power that is analogous to the Internet. In September 2011, he called on industry to join him in making this vision a reality through the forma- tion of the Digital Grid™ Consortium. NEC takes pride in being one of the first to answer this call and become one of its founding members. Leveraging its leading routing and network technologies, NEC is contributing to the early establishment of this new electric power system.


    In the future, NEC will continue to grapple with the development of various envi- ronmental and energy-related technologies in our ongoing search for effective solutions to the environmental and energy issues that confront the world.


    On behalf of everyone at NEC, I would like to express our heartfelt gratitude for your invaluable encouragement and reliance on our products and services and our hopes for your continued support in the future.
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  NEC Smart Energy Solutions Business


  
    Japan and other countries around the world see the time is ripe for a serious re-evaluation of energy infrastructure. NEC is one of the few corporations in the world that possesses both ICT and energy component technologies. Exploiting this strength, NEC aims at contributing to the realization of a new energy society through the provision of smart energy solutions that promote both the stability of the supply-demand balance and the self-sustained energy system.


    
      
        Assistant General Manager

        New Business Promotion Division
      


      
        YAMAZAKIShuntaro
      

    

  


  
    1.Introduction


    As a result of the Great East Japan Earthquake and the consequent Fukushima nuclear power plant disaster in 2011, the actual fragility of Japan’s energy infrastructure, the reliability of which the nation had once boasted, was exposed to the world. This result brought about serious re-evaluation of energy policy not only in Japan but also in other countries with a significant nuclear power plant presence, and triggered debate on the building of a new energy society. With this paradigm shift as background, NEC committed a wide range of assets possessed by the company toward the development of a new smart energy solutions business.


    In this special issue, we would like to introduce the reader to the various technologies related to the ma吋or areas of NEC’s smart energy solutions business： “EV charging infrastructure , “Energy storage systems and “Energy Management Systems (EMS), as well as the field of “Energy devices that supports these technologies.

  


  
    2.The Energy Issues Facing Japan and Directions to Be Pursued in the Future


    Japan is one of the world’s leading consumers of energy. However, Japan’s energy self-sufficiency ratio stands at a small 18% (and only 4% if spent nuclear fuel is excluded), the lowest among developed nations (Fig. 1) and poses a serious threat to energy security.


    
      [image: e120102_01.jpg]

      
        Fig. 1 Energy self-sufficiency ratio of major nations
      

    


    With this situation as background, Japan had previously declared its commitment to an energy policy that aimed at the reduction of fossil fuel imports and the aggressive deployment of nuclear power and renewable energy in order to both lessen the risk to the country’s energy security and reduce CO 2 emissions.


    However in March 2011, the Great East Japan Earthquake and consequent Fukushima nuclear power plant disaster that rocked the nation in March 2011, exposed the fragility of the nuclear power plant infrastructure which supplied as much as 30% of Japan’s electric power requirements. The nation came face-to-face with an unprecedented power supply shortage. As a result, the national energy policy, which had had nuclear power positioned as its nucleus, came under severe scrutiny (Fig. 2).
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        Fig. 2 Trends in the composition of power generation capacity by energy source.
      

    


    As a consequence of the scheduled power outages and power consumption restrictions in the aftermath of the earthquake, the sense of values of the citizens of Japan underwent a dramatic change as everyone became conscious of the energy problem in the course of everyday life. In order to come to grips with the difficult issue of how to achieve the stable supply of power with a non-nuclear infrastructure and realize this economically, national government agencies as well as local municipalities and the private sector began earnest efforts to tackle the problem. Responding to public opinion, the government is considering the introduction of competition by reforming the Electricity Utilities Industry Law and separation of electrical power production from power distribution and transmission.


    In North America, the Green New Deal policy was announced, and the deployment of the so-called Smart Grid is being advanced as a means to address the ongoing issue of the fragility of the power grid by making the grid more stable and robust through large-scale deployment of renewable energy for end-users and power management using ICT. Also in June 2011, the German cabinet agreed to an accelerated phasing out of nuclear energy with all 17 plants to be shut down by 2022. Their far-reaching policy shift also calls for their replacement with renewable energy and thermal power generation fueled by natural gas.


    With such action being taken in various ma吋or countries as the global context, Japan is also promoting an energy mix that puts an increasing weight on natural gas and renewable energy while shifting the focus of the energy policy to an appropriate balance of large-scale centralized infrastructure provided by the electric power utility companies and a self sustained and distributed type of infrastructure comprising the end-users. In other words, it could be said that Japan has come to a ma吋or turning point in the evolution of the energy infrastructure as we take the path to reduction of energy security risk, the realization of economy, and mitigation of gas emissions that contribute to the greenhouse effect.

  


  
    3.NEC Technology's Contribution to Power Self-Sufficiency


    NEC is one of the few companies in the world that boasts both globally leading ICT and Energy Component Technologies such as energy storage systems and quick-charging systems for Electric Vehicles (EV). By exploiting these strengths to provide smart energy solutions every step of the way from the grid to the end user, NEC is contributing to making the vision of a self-sufficient New Energy Society a reality.


    Solving energy problems will require society-wide action to use energy with higher efficiency. Because of the necessity to temporarily store energy and its subsequent mutual interchange in order to fully utilize energy whether it is produced on the grid side by utilities or by the end user, energy storage technologies will be indispensable.


    Also for disasters and other emergencies, the optimized distribution of electric power must be considered. Where is power needed? Where is there a surplus of power? A more advanced system for managing the supply-demand balance and the exchange of power is demanded. NEC believes that ICT and the Energy Cloud will play a key role in realizing this system.

  


  
    4.Energy Storage Systems - the Hub of the Diversified Energy Network


    As the adoption of renewable energy and fuel cells spreads, the means of access to electric power for the end user will become increasingly diverse. Achieving ever higher performance, residential-use fuel cells are delivering not only power generation efficiency equal to or better than thermal power plants, but also low CO 2 emissions, and as a result, the gas network could come to play a role equal to the power grid. At the same time, as is evidenced by the penetration of all-electric products, cases in which electricity is used in the final stage of consumption are on the rise.


    Featuring grid connectivity and “cloud energy management functions, NEC’s energy storage system facilitates connectivity with not only the power grid and solar power cells but also the gas network via fuel cells. In short, it plays the key role of a hub linking a network of diverse types of energy access and distributed-type power sources. In addition, the cloud service connectivity supports end user to implement the “demand response (DR) mechanism and self-sustained energy systems, and in the future will contribute to the self-sustained energy system on a community level through power exchanges among end users (Fig. 3).
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        Fig. 3 Energy storage system to support end-user power self- sufficiency.
      

    

  


  
    5.NEC Smart Energy Solutions Business


    NEC’s Smart Energy Solutions Business is focusing its efforts on (1) EV charging infrastructure and (2) energy storage systems which will serve as the axis for the development of (3) energy management systems (EMS) and (4) energy devices. In this next section, we would like to introduce the reader to the technologies that support these four business domains of our Smart Energy Solutions Business.


    (1) EV Charging Infrastructure


    
      NEC is pursuing the development and commercialization of EV quick-charging systems and a cloud-type EV charging infrastructure, and will provide basic EV charging services including authentication, billing, operation and maintenance on a nationwide scale. Charging maps, FULL/EMPTY status information of the charging device, stored charge information and other data are shared among the many stakeholders, creating new service opportunities. Once the widespread EV penetration is reached, the large amount of electric power that will be supplied under quick charging systems is expected to lead various problems including increased utility contract fees and instability in grid power. In order to respond to these challenges, NEC is also tackling the development of an EV charging infrastructure that will support the regional/ area power supply-demand balance. At the same time, power electronics technologies will be the heart of the hardware for EV charging. These technologies will lead to not only quick charger systems but also various devices and testing devices that will support EV production itself.

    


    (2) Energy Storage Systems


    
      NEC’s pursuit of lithium-ion battery development since the 1990s has led to the industry-leading manganese-type lithium-ion battery, which is nearing commercialization. This innovative battery achieves a balance of high output, safety, large capacity and economy. Recognizing our past record of achievements, NISSAN Motor Company selected NEC’s storage battery technology for adoption in the “Leaf electric vehicle in 2010. The development of the actual battery was a collaborative effort by NISSAN and NEC, but it was NEC’s mass-production technologies and years of experience combined with advances in the practical commercialization of a stationary energy storage systems capable of meeting diverse needs ranging from power grid-sourced energy to end-user utilization that are making this vision a reality. These energy storage systems possess the power grid connectivity and cloud service connectivity functions described in section 4 of this special issue, and while they will serve as the nucleus of the smart energy solutions business, they are supported by ICT-integrated power conditioners. Anticipating the integration of energy storage systems in solar cells and other energy generation equipment, and the necessity of power conditioners in complex systems comprising multiple power sources, NEC is seeking to raise performance of these critical devices.

    


    (3) Energy Management Systems (EMS)


    
      Via the Energy Cloud, NEC will provide Energy Management Systems (EMS) that will optimize and make energy management “visible for diverse levels of end users from single household units to buildings and retailers. In addition, the Energy Cloud contributes to community’s self-sustained energy system by providing a demand response platform connected with the Community Energy Management System (CEMS), which manages district power supply-demand and coordinates EMS of individual end users and smart meters.

    


    (4) Energy Devices


    
      This special issue also introduces new energy devices that will support the future of the above-described systems. Specifically we will explain our ongoing development of infrared sensors that facilitate energy savings by responding to user behavior, organic radical batteries that will drive the next evolution of energy storage, and non-vola- tile logic for electronics with zero standby power requirements.

    

  


  
    6.Conclusion


    A renewable energy-centric energy mix and a self sustained and distributed energy infrastructure should be central to future energy policy. However, this trend should not be seen as replacing the conventional large-scale centralized infrastructure, but paving the way for the shape of the future Japanese version of the smart grid which is well-balanced system of centralized and distributed infrastructure. The Japanese-version of the smart grid is expected to be an exportable industry that will contribute to the Energy Society tomorrow as framed by the Germany and other countries around the world that are increasingly leaning towards phasing out the use of nuclear power. The creation of such an industry must be a society-wide endeavor, and cannot be achieved by the private sector alone. It will require various corporations transcending conventional industry boundaries, working in collaboration with the public sector, the convergence of technologies and specialized know-how, and facing the numerous challenges and trials. Working in close cooperation with various partners, NEC is driving the advance of the smart energy solutions business, and paving the way for the next-generation Energy Society (Fig. 4). In this special issue, we look forward to giving the reader a better understanding of our mid-to long-term approach to this challenge.
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        Fig. 4 Next-generation energy society & NEC’s business vision.
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  The Digital Grid: The Convergence of power and Information, and Its Application


  
    The large scale deployment of wind-generated power, solar power and other power from renewable energy sources cannot be achieved without overcoming fundamental issues with the existing electric power grid and the urgent development of new power supply systems. This special article will introduce the reader to the Digital Grid concept - the convergence of power and information in a next-generation network architecture that holds the potential to revolutionize power transmission networks. In this architecture, IP addressed digital grid routers mutually interconnect a “cell grid” of distributed asynchronous power networks, while digital grid controllers enable inter-cell power transfers. Through the adoption of this architecture, the large-scale deployment of a renewable energy-based power system can be a reality.


    
      
        Project Professor Department of Technology Management

        for Innovation Graduate School of Engineering The University of Tokyo
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    1.Introduction


    In recent years, the impact of issues such as changes in the global climate and soaring fossil fuel prices has accelerated a shift to renewable energy sources such as wind and solar energy. The government has set solar power targets of 28 million kilowatts by 2020 and 53 million kilowatts by 2030; however, according to the “Low Carbon Power Supply System Workshop Report" 1) issued by METI in July 2009, the current power grid will be able to deploy only 13 million kilowatts by 2020, even if a system capable of producing the solar-generated output target is achieved.


    Because grid voltage ceilings due to the reverse power flow created by solar power generation located at the terminal points of the power distribution network become a limiting factor, the greater the penetration of solar power generation systems, the more pronounced issues such as excess power generation and insufficient frequency regulation become 2)3) . Also there are the basic problems of the large fluctuations in the power generated by solar, wind and other renewable energy sources and the inability to forecast supply in addition to the inability to achieve fundamental grid power source synchronization. With the added consideration of its relative incompatibility with the existing backbone power grid, renewable energy could be described as a power source with many problems.


    In order to overcome these problems and enable the large-scale deployment of renewable energy, the development of a new power supply system is urgently needed, and a variety of approaches are receiving intense study 4)5)6) . While there are proposals for measures to reinforce grid interconnection, there is also much criticism pointing to the frailty and inefficiencies of a giant grid system.


    On the other hand, the “smart grid" and similar proposals 7)8) principally in the USA are driving the advance of more efficient power grid operation that uses digital information networks to secure an interactive grasp of power flows with a focus on the power consumption side. However, even with the digitalization of information and smart management of the supply and demand of power, it is difficult to exchange power as dictated by a digital information system because of the stepless analog nature of electrical power itself provided by synchronized rotation devices. For this reason in Europe where there is increasing renewable energy deployment, the concept of subdividing a power grid into multiple cells and regulated supply-demand balance within each cell is being adopted. Also in rising and developing nations, distributed asynchronous power grids (hereinafter referred to as “cell grids") are common; however, it is forecast that their future procurement of fossil fuels will grow increasingly difficult. In light of this situation, if large-scale deployment of renewable energy is promoted as a solution, the introduction of energy storage devices for maintenance of cell frequency and voltage will be inevitable. For this reason, there is the difficult issue of synchronization of the interconnection of such cells.


    This article introduces the concept of the Digital Grid (DG) that serves as a solution to the above issues and can take into consideration the power exchange between autonomous power devices and power grids.

  


  
    2.Digital Grid


    2.1 Example of the DG Architecture


    The DG divides the existing power grid into cells with assignment of IP addresses to power converters, storage, generators and other power equipment and devices. With the freedom of inter-cell power management that exploits the synchronized operation of these multiple elements, the result is a power infrastructure that enables the handling of power in a way analogous to the handling of information on the Internet. As shown in Fig.1 , DG is composed of the Digital Grid Router (DGR) and the Digital Grid Controller (DGC). The DGR is a self-commutated multileg AC/DC/AC converter that can provide asynchronous connections/coordination between the backbone grid and the cells as well as between cells, mutual exchange of active power, and the supply of reactive power when required. The DGC is a device for management of power. The cell as defined by the DG concept means the minimum grid unit that possesses a distributed-type power source, storage and load and can be operated in a stand-alone mode, ranging in scale from an individual household or commercial facility to a building, village, town or city. As examples of large cells, Japan has the Hokkaido, East Japan and West Japan regions. In the USA, peak demand is 800GW, but as shown in Fig.2 , it can be subdivided into about 8 to 130 large-capacity cells and interconnected with DGRs.
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        Fig.1 Example of Digital Grid architecture.
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        Fig.2 Large-capacity cell example.
      

    


    The DGR appends IP addresses to each power converter and transmits converter operation data to the designated address, and transmits subsequent operation initiation data. In other words, it unifies the interchange of information and power in a single device. This capability will make the large-scale deployment of renewable energy in each cell possible. Also the DGC has an IP communications function, enabling it to manage power exchange in coordination with the DGRs located within the cell.


    2.2 Features of the Digital Grid


    The DG has the following characteristics:


    
      	Cells in the DG have various types of distributed power generation and loads, and by using energy storage devices, they can absorb power fluctuations arising from solar and wind power generation and maintain frequency within a specified range in the corresponding cells. In other words, the cells are autonomous.


      	Autonomous cells with different frequencies and phases are connected by DGR and coordinated power line routing, enabling selective interchange of power.


      	In each synchronized system within a cell, instead of the communication of central power supply instructions, power supply-demand management is performed by the DGR. In detail, power generators, energy storage devices and other power equipment are managed/regulated by external DGCs which supply/demand control is performed within the cell based on DGR instructions.


      	DG creates “digital electric power"- virtual unification of information and power, enabling freedom to interchange power within the grid. By assigning fixed IP addresses to DGRs and DGCs and utilizing Power Line Communications (PLC) and/or external data communications networks, IP communications is enabled. Referring to the routing information, which includes the originating address and destination address, digital power can be transmitted to the destination via the designated DGR at will. The needed quantity of power exchange can be divided among several power units, and sent via different routes if separate routing data are appended. The routing information includes various profile data such as the size of the digital electric power and the length of supply (time) while footer information can be used to record the confirmation of termination of power transmission and evidence of an energy transaction.

    


    2.3 DGR


    The DGR may have both a connection terminal that has a power converter with a self-commutated power conversion device for AC/DC/AC power conversion and/or a connection terminal without a power converter and possessing only a circuit breaker/isolating circuit. The terminal without a power converter is the counterpart to the terminal with a power converter on the other end of the connection, resulting in a configuration that avoids the double conversion of power (Fig.3). At the connection terminal where power conversion takes place, power from connected cell is rectified to DC. The voltage, phase and frequency are synchronized with that of the remote cell to which this DGR terminal is connected, and then power is inverted and transmitted, enabling the total power of all inputs and outs to each DGR is controlled so as to be net zero. As a result of the adoption of a self-commutated power converter and because of independent control of power and phase in the grid coordination mode, DGR can transmit the desired active power in a desired direction at will and independently generate the desired reactive power at the desired size, thereby enabling voltage regulation. Also because this is a self-commutated device, in the case of null voltage status of the connected power grid, it can also become a voltage source and supply power.
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        Fig.3 Image of interconnection of cells with DGRs and how power is routed.
      

    


    As shown in Fig. 3 illustrating an example of DGR interconnection, the positioning of DGR enables the construction of an asynchronous network in which two freely selected cells can be connected without power line route divergence and with a power converter at only one terminal of the connecting power line route.


    2.4 DGC


    DGC can meter the quantity of power generated from solar, wind and other power sources that have relatively severe fluctuations; exchange data through external telecommunications circuits; control increases/decreases in the output of diesel-fueled generators, gas-engine generators, and other power generators who output is relatively easy to adjust; monitor the State of Charge (SOC) of energy storage devices and control charge/ discharge quantity; and monitor the power consumption of various equipment and appliances. Through this method of controlling power equipment, the DGC can forecast power exchange-related information and “reserve" power transactions. Based on the information provided at that point and after a certain period of time, the cell autonomously validates the reservation for a power exchange. As a method of controlling power forecasts, a variety of approaches can be considered according to the characteristics of each cell, but it is considered best to have a forecast management system that maintains the SOC of the energy storage device at around 50% for general conditions, lowers SOC below 50% to absorb the output of a forecast increase in solar or wind power is forecast, and raising the SOC above 50% in anticipation of a forecast of decreased output from renewable energy sources and increased output from the battery.

  


  
    3.DG Benefits


    The 7 main benefits of the above-described Digital Grid are as follows:


    (1) Large-scale deployment of renewable energy


    
      In the conventional power grid, the power flows of different sizes and directions take place within the grid to compensate local supply-demand imbalance and to maintain the synchronization. When large-scale renewable energy sources with their inherent characteristic of output fluctuations are connected to the power grid, even larger changes in the direction and size of power flows become unavoidable.


      In the case of the DG, those fluctuations are absorbed by frequency changes within each cell, and power flows for the maintenance of synchronization become unnecessary due to ability to have differing frequencies maintained in each cell in stable coexistence. Moreover, power loss will be minimized. Therefore, stable DG operation will be maintained even if the dissemination of renewable energy is progressed.

    


    (2) Grid with high redundancy and robustness


    
      In the case of the conventional grid, a power line routing accident or other incident can make usage of the grid impossible, resulting in downstream power outages and instantaneous voltage drops. With DG, it is possible to square the number of cells with a proportional increase in power interchange routing, enabling the exchange of power via an alternate route even if multiple routes are not available for service. The result is remarkably higher redundancy for power interchange and the superior robustness of the overall DG.

    


    (3) Sharing of energy storage devices


    
      In the case of independent cells that have no interconnection with other cells, the higher volatility of the supply-demand imbalance necessitates sufficiently larger capacity energy storage to compensate. The free interchange of power among multiple cells in the DG model results in a decrease in the volatility of the supply-demand imbalance since the overall DG is essentially the same as a single cell. The result is that an energy storage facility can be shared by multiple cells, the amount of energy storage capacity that needs to be installed for the DG is reduced compared with amount that would be required if each cell independently provided its own storage.

    


    (4) Load sharing


    
      If the remaining charge in the storage devices of a cell is low and it is determined that it poses a barrier to frequency maintenance, it is possible to request a power exchange with nearby cells and receive the power gradually from multiple cells via multiple routes. On the other hand, if the SOC of the storage device is high when wind power generation commences, it is possible to gradually send the excess power to nearby cells. The result is a smaller load on individual cells and connecting power lines.

    


    (5) Power trading


    
      In order to secure the supply-demand balance in the case of a conventional synchronized grid, the “30-minute same time, same quantity" rule is applied to electrical power utilities of a specified scale. In the case of the DG, each cell is asynchronous, therefore, short cycle imbalances are met by energy storage devices, longer cycle imbalances are compensated by distributed fossil fuel power sources, and the portion that cannot be borne is discharged as the rotational energy of a turbine or other rotating machine. In other words, it is possible to bear the burden of frequency increases and decreases. Accordingly, when trading power, restrictions on emergency exchanges and the “30 minute same time, same quantity rule" are largely mitigated, and adoption of familiar transaction model consisting of pre-negotiation, reservation, confirmation and delivery can be adopted. The result is the formation of a new business platform for power trading.

    


    (6) Coexistence with the backbone grid


    
      In pursuit of economical performance to respond to industrial demand, the conventional power grid has sought to achieve economies of scale through its development as wide-area interconnected grid with large-scale centralized power sources. For private citizens, it is also vital infrastructure that supports medical, food and other lifelines.


      DG adds Internet-like flexibility and robustness to this key infrastructure, enhancing the security of private civilian demand.


      The hybrid configuration of the existing backbone grid and the DG will tap the potential offered by a new power grid.

    


    (7) Security


    
      Because cells are premised on an autonomous power system, they can ensure their own power security. For example, if another cell suffers an incident, the gate blocking of the interconnection point is swiftly performed.

    

  


  
    4.Conclusion


    The concept of convergence of power and information has been proposed in the past, but it has come with the technological difficulty of being unable to differentiate between individual power flows in a synchronized grid. The DG introduced in this article uses DGR and DGC to append information to power flows, enabling their differentiation and identification. This holds the potential to dramatically revolutionize the existing power system. In the future, if distributed-type renewable energy generation and energy storage devices are sufficiently deployed, cells will have the capability to be autonomous, and it is believed that even if multiple power exchange transactions take place, only the final demand that is a compressed offset of the transactions is transacted. These execution algorithms resemble financial transactions, and while within the cell is a conventional synchronized grid, the connected power line routes will transform into a network for economic transactions.


    The process for transition to the DG will consist of deployment of DGCs only in the existing transformer substations, transformer equipment and other principal power equipment of the power grid equipment, and the maintenance of other equipment in their current state as autonomous cells; positioning of DGRs between the conventional power transmission lines, that connect substations, and the substation bus; and the asynchronous interconnection with other cells and with the backbone grid. In the developed countries, these steps could be described as both a flexible and realistic approach to deployment. Also in developing nations, DG deployment enables construction of a flexible grid that allows the asynchronous interconnection of adjoining grids depending on the degree of necessity.

  


  
    * Digital Grid is a registered trademark of the Digital Grid Consortium, a non-profit corporation.
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    Abstract


    Although the electric vehicles (EVs) are expected to be marketed as clean vehicles without emissions, the preparation of charging infrastructures will be an essential requirement for their popular acceptance. NEC is developing an EV charging infrastructure system that is equipped with remote operation/maintenance and energy control functions as well as an authentication/billing function. This will allow the business operators to install and operate charging stations efficiently and safely. In addition, NEC is also advancing activities for standardizing the system interfaces between various vendors for making the charging stations usable by anyone regardless of the system vendors or business operators. This paper introduces our activities for supporting the preparation of EV charging infrastructures.
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    1. Introduction


    EVs are recently attracting attention as environmentally-friendly vehicles with zero emissions and they are currently being introduced on a global scale. Nevertheless, to promote their deployment on a wider level, it is essential to prepare charging infrastructures so that anyone can charge their EV anywhere and at anytime. At NEC, in order to promote preparation of suitable charging facilities, we are developing an EV charging infrastructure system that enables various business operators to install and operate charging stations efficiently and securely. Additionally, we are also developing joint activities with national and local governments aiming at standardizing communication interfaces between various vendors so that anyone can use charging stations at various locations regardless of the system vendors (hereafter referred to as “vendors”) or business operators. This paper introduces the NEC activities for supporting the preparation of charging infrastructures.

  


  
    2. Issues for the Preparation of EV Charging Infrastructures


    Unlike the petrol/gas stations, EV charging stations can be installed at any place where electricity is available. This condition is expected to stimulate the participation of various business operators in the future and support the installation of charging stations at various locations, including at commercial, entertainment and traffic facilities.


    Not a few of these charging stations may be used in unattended operations. However, some of the charging stations currently under unattended operation require high operational costs because of the necessity for periodical maintenance personnel visits to check the working status and to collect the usage logs etc. In addition, the difficulty of making rapid changes to the operational settings of the chargers such as for output power, hinders operations that can effectively match the recent power supply circumstances. In consideration of these facts, it is important to provide functions for remote executions of the above operations in order to enable unattended operations satisfactorily.


    Furthermore, since most of the current charging stations are installed for the purpose of demonstration, they are not equipped with billing mechanisms and charging services are free. In the future, however, it will be necessary to collect the proper service charges from users in order to promote independent, continual growth of the charging infrastructure market. This will increase the importance of the authentication/billing function that will also enable business operators to provide various billing menus for the convenience of the users.


    A new issue emerging currently in addition to those referred to above is that of the interconnection among different vendors and also among different business operators. The majority of currently installed charging stations are based on individual specifications of vendors and business operators, and there is no common communication standard for linkage between them. This has resulted in a situation in which the differences between business operators regarding membership cards entitling use of a charger makes it impossible to receive the service without the appropriate membership card of each charging station. In addition, the charging station map information including the location and availability information is currently managed by an individual vendor or business operator, making it difficult for a user to obtain information regarding the overall situation.


    To solve the issues referred to above, we are developing an EV charging infrastructure system, that enables the business operators to install and operate charging stations efficiently and securely by linking rapid chargers equipped with communication functions via a cloud computing system. Additionally, we are also developing joint activities with national and local governments aiming at standardizing the communication interfaces. Below, we introduce the EV charging infrastructure system in section 3 and our activities at NEC for implementing the standards of communication interfaces in section 4.

  


  
    3. EV Charging Infrastructure System


    3.1 Outline of the EV Charging Infrastructure System


    The EV charging infrastructure system is intended to offer implementation of smart EV charging stations. Fig. 1 shows the outline of the system. This system provides the remote operation/maintenance and energy control functions that enable efficient maintenance and output control of chargers from distant locations such as from the call center or the business operator’s office. It also offers an authentication/billing function that provides various billing menus as well as other functions improving user convenience. The details of each function will be described below.
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        Fig. 1 Outline of the EV charging infrastructure system.
      

    


    3.2 Function Details


    (1) Remote operation/maintenance and energy control functions


    
      Linkage between quick chargers equipped with a communication function and the cloud service enables the business operators to monitor permanently the operation and fault information of quick chargers in the charging stations. This function is also capable of remote switching of the operational status of a charger or remote maintenance including software updating. This enables fault countermeasures to be applied, and to expand the charger features and support operations from a remote location by the EV user.


      The output of a quick charger can be controlled flexibly from the cloud service, etc. The business operator can remotely control the output values of quick chargers at charging stations by considering the local power demand-supply conditions, etc. Automated control based on a pre-set schedule is also possible.


      In the future, flexible energy control applications meeting the needs of the age of the smart grid will also be possible, for example linking of the quick chargers with the energy management systems in public facilities, buildings, stores and apartment blocks to enable more economical operation.


      As seen in the above, this function enables the business operators to install and operate charging stations efficiently and securely even if they are not dedicated facilities attended permanently by staff as is the case with the petrol/gas stations.

    


    (2) Authentication/billing function


    
      The quick charger incorporates a multi-service reader/writer to enable member authentication using the FeliCa card and billing with e-money (Fig. 2). Billing using e-money can offer a variety of e-money settlement functions based on linkage with the cloud-type e-money settlement service provided by NEC. A usage situation management service is also provided to manage member usage in the cloud computer and to report data to business operators each month. As the business operators can bill charges and offer the achieved charges to users based on the information obtained above, so this function can be applied to settlements via other means than with e-money, for example by withdrawal from the users’ bank accounts.
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          Fig. 2 Scheme of linkage with e-money settlement service.
        

      


      As seen above, this system makes it possible to setvarious billing menus for charging fees. The business operators can set the menus from a remote location in linkage with the cloud service.

    


    (3) Functions for improving user convenience


    
      The system also features various functions for providing services that can improve the convenience of users. The “charging station map” (Fig. 3 and Fig. 4) displays the charger location information and current usage situation (occupied/idle information) and allows a user in a remote location to find an available charger using a PC, mobile phone or car navigation system. The map can also be used to select a charging station and make an advance reservation on the charger reservation display (Fig. 5), so that a user may plan use of chargers and avoid congestion. There is also a function that sends an e-mail notifying completion of charging to theuser so that the user can immediately know of the completion of charging if he or she is spending time during charging at a location apart from the EV.
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          Fig. 3 Example of charging station map display (for PC).
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          Fig. 4 Example of charging station map display (for car navigation system).
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          Fig. 5 Example of charger reservation display (for mobile phone).
        

      

    

  


  
    4. Communications Standardization Strategy


    At NEC, we are planning to standardize communication interfaces between various vendors so that the charging stations being introduced widely can be used by anyone and at anytime, regardless of the vendors or business operators.


    In the Smart Network Project adopted by Japan’s Ministry of Internal Affairs and Communications as a part of the Project to Standardize and Promote Network Integration Control Systems, we achieved interconnection with the system provided by another vendor for the purpose of member authentication. We also connected quick chargers of several manufacturers(Takasago, Ltd. in the NEC Group, NTT FACILITIES, INC., Nissan Motor Co., Ltd., etc.) to the cloud and performed remote operation/maintenance from the call center and performed an evaluation experiment on the practicality and universality of a communication standard that we were studying. At present, we are participating in a demonstration experiment of billing and fee collection models for charging stations installed or subsidized by local governments as part of the E-KIZUNA Project, which is an EV dissemination project promoted by Saitama city. In this project, we are studying and verifying communication standards for use in interconnection with major vendors and business operators in Japan.

  


  
    5. Conclusion


    This paper introduced the activities of the NEC Group for supporting the preparation of EV charging infrastructures. NEC will continue to support various business operators in the installation and operation of charging stations based on our EV charging infrastructure system. We will also advance mechanisms for interconnection between different vendors and carriers aiming at the implementation of a society in which anyone can charge his or her EV anytime and anywhere.

  


  
    *FeliCa is a registered trademark of Sony Corporation.
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    Abstract


    NEC has developed a Battery & Charger Integration System (BCIS) to support the burgeoning infrastructure for electric vehicles (EVs). The system controls several quick chargers and large capacity stationary batteries and thereby enables charging time reductions and peak charging power reductions while simultaneously charging multiple EVs. By conducting field trials as part of the Yokohama Smart City Project (YSCP) while linking with the Community Energy Management System (CEMS), we are aiming to examine how much BCIS can contribute to the demand and supply adjustment for community. This paper introduces an outline of the BCIS and of its field trials.
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    1. Introduction


    After the Great East Japan Earthquake, anxieties relating to power shortage have increased the need for efficient and stable management of power grid operations. Moreover, it is necessary to prepare suitable countermeasures for the problems of the new power demand and supply, such as the peak of power demands by charging the electric vehicles (EVs), and the instability of power grids by increase in power generation supplied from renewable energy sources.


    NEC has previously marketed household energy storage systems incorporating Li-ion batteries 1) and has also developed EV quick chargers and EV charging systems by optimally using cloud computing for member authentications, administration and billing settlements 2). By applying these technologies, NEC has developed the Battery and Charger Integration System (BCIS) and is currently attempting to resolve the problems referred to above. BCIS realize the reduction of the peak power consumption (peak cut) for EV charging demands, and the shortening of the EV charging time because BCIS which is linked to the multiple quick chargers and stationary batteries controls the power to be supplied to the EVs efficiently. The field trials of BCIS will be carried out in Yokohama City as one of the themes of the Yokohama Smart City Project (YSCP) from 2012. In addition, there are some plans in order to verify the effectivity of BCIS for the regional power demand and supply adjustment.


    In the following sections, we explain the new problems of power demand and supply, the details of the BCIS proposed by NEC, and the field trials of the BCIS.

  


  
    2. Issues Contained in the New Power Demand/Supply


    The dissemination of EVs brings about increase in power demands. And renewable energy increases unstable power generation. This means that the power supply arrangement capability with the conventional power grid may not be able to maintain stable power supply.


    (1) Increased power demand due to the dissemination of EVs


    
      In the future, as EVs become more popular, there is fear that there will be electric power shortages due to the simultaneous charging of multiple EVs. An increase in the waiting time for charging might be another issue for drivers. When assuming that multiple EVs may charge their batteries at an EV charger service station, it is essential to provide multiple EV quick chargers at suitably located charging stations. However, a large volume of power is required for charging multiple EVs via quick chargers. Charger business operators and electric power distribution business operators may need to enhance power distribution facilities in order to cope with the projected peak power consumption, and also they have to prepare the expenses burden for such enhancement of power distribution facilities. Another concern is shortage of power supply in case quick charging peak time is concentrated to certain hours. EV drivers may also have to wait long hours in queues for charging even at the multiple charging facility stations.

    


    (2) Unstable power generation due to renewable energy


    
      Power generation using renewable energy such as that provided by solar or wind installations is expected to become available more readily to ordinary households in the future. However, such energy sources will be influenced by weather and the amount of sunlight, therefore such a system has inherently unstable power supply characteristics as well as limitations regarding the available supply periods.


      Such characteristics are issues that are of concern with regard to the use of renewable energy power supplies so that a mechanism to store surplus power is demanded. The mechanism features to store the surplus power of the renewable energy during which a large amount of power is produced. It can also supply such accumulated surplus power when the ordinary power supply becomes low.

    

  


  
    3. Battery and Charger Integration System (BCIS)


    We propose BCIS as a suitable countermeasure to solve issues mentioned in Sec. 2. BCIS combines several quick chargers and large capacity batteries. The system configurations, operations and features of BCIS will be described in the following sections.


    3.1 The System Configuration and Its Operation


    BCIS incorporates six components. Fig. 1 shows the system configuration and the function of each component is described below.
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        Fig. 1 System configuration of the BCIS.
      

    


    (1) Grid power receiving section


    
      This component converts the AC power transmitted from the grid into DC power and then supplies it to the battery control and quick charger sections.

    


    (2) Battery control section


    
      This section receives commands from the power controller in order to control the charge and discharge operations of the battery unit.

    


    (3) Battery unit


    
      The battery unit consists of the Li-ion batteries and a battery management system (BMS) that is designed to secure a suitable power storage level and a safe environment for the stationary batteries.

    


    (4) Quick charger


    
      The quick charger provides a rapid battery charge for the EVs while receiving commands from the power controller to enable the dynamically controlled charging of power during fast charging for the EVs.

    


    (5) Power controller


    
      The power controller monitors the status of each component and controls the power resources to provide optimum control of the EV chargers. Moreover, by receiving commands from the BCIS manager unit it is able to control the charging amounts of the quick chargers for the EVs and the charge/discharge amounts of the stationary batteries.

    


    (6) BCIS manager


    
      The BCIS manager monitors and controls each BCIS as well as managing and maintaining the BCIS system.


      As shown in Fig. 1, the BCIS manager can be provided as a service via cloud computing. By collaborative linkage with the Community Energy Management System (CEMS), power demand and supply adjustment within a region will be available via the demand response function.

    


    3.2 Features


    BCIS features a power output control function for the quick charger to use electric power efficiently, and also features a power demand and supply adjustment function that contributes to stable regional power supply.


    (1) Power output control function for a quick charger


    
      BCIS is capable of controlling the power output for a quick charger, which could not hitherto be performed dynamically. It thus utilizes electric power more efficiently. With the general system, a quick charger and the EV to be charged will set the maximum charging power at the start of charging and then the EV will be charged within the maximum charging power according to commands from the EV. This means that the quick charger is requested to be ready to charge the maximum power that is set at the beginning whenever this is necessary. However, the Li-ion battery installed in an EV employs a constant-current/constant-voltage charging system. With this system, battery charging during the constant voltage stage requires less power than that acquired from a quick charger at the start of charging. BCIS optimally utilizes the surplus power acquired from a quick charger while consuming less power to charge an EV during the constant voltage charging stage. BCIS can then control the power output of the quick charger and dynamically distribute the power to other EVs as well as to the stationary batteries.


      With this control function, the excess power from an EV charger can be used for charging other EVs in a queue. This allows charging service business operators to manage their service stations via the conventional power distribution facilities.


      Moreover, charging the next EV can be started immediately when surplus power is generated from an EV charger. This will contribute to the simultaneous charging of multiple EVs and to a reduction in the time spent in charging EVs. Using power from stationary batteries located at the same station may also further reduce the charging time.

    


    (2) Power demand and supply adjustment function


    
      By controlling the supply of power for EV battery charging using BCIS, a stable regional power supply can be expected. When any surplus power is generated in the region via the renewable resource energy introduced to generate power, such surplus power will be used for charging EVs and for the stationary batteries. If a shortage of power occurs in the region, power to be used at an EV quick charger service station will be suppressed by decreasing the output of the quick charger even during active charging of an EV, or by supplying power from a stationary battery for charging the EVs. Moreover, CEMS can provide regional power shortage/surplus reports to BCIS. The reports are calculated as power costs, and BCIS controls the EV quick chargers and stationary batteries according to such costs. This procedure will help to suppress the expenses burden for an EV quick charger service station, and it will also contribute indirectly to a stable power supply for a region.

    

  


  
    4. Field Trials at the Yokohama Smart City Project


    The “Next Generation Energy and Social System Field Trial” to be evaluated by METI (Ministry of Economy, Trade and Industry, Japan) will be a project that aims to construct a Japanese original smart grid system and the promotion of this system in overseas countries. The development of BCIS was adopted as one of the themes of this project. In collaboration between Yokohama city and various commercial companies, the project is being carried out as a part of the YSCP (Yokohama Smart City Project) in order to realize a city that is environmentally friendly (Fig. 2) 3) . The field trial was started in 2011 by introducing BCIS to a certain facility of Yokohama city. In 2012 and subsequently, various benefits will be examined including time reduction and power peak-cut effect by charging EVs simultaneously, an issue that is mentioned above. By linking BCIS with CEMS (Community Energy Management System), it will also be verified how much BCIS can contribute to the power demand and supply adjustment of the region.
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        Fig. 2 Overall image of YSCP.
      

    

  


  
    5. Conclusion


    We have explained the BCIS which balances the load reduction of the power distribution facility in charging multiple EVs with the user benefits of the Smart Charging Stations. We intend to promote further development of BCIS and to encourage its business deployment while studying the results from the field trials.
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    Abstract


    EV development test systems are used to test the performance of motors and inverters for hybrid and electric vehicles by simulating the behaviors of the component parts of an electric power train. They are compatible with HILS systems, which simulate an entire vehicle by combining an EV power emulator and a vehicle control simulator. This paper outlines the recent technological advances in EV development test systems and introduces a battery charge-discharge test system.
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    1. Introduction


    The global rise in environmental consciousness under global warming and increased requirements for vehicle fuel consumption are promoting the active development of hybrid vehicles and electric vehicles (EVs). In the development of an electric power train (secondary battery, inverter and motor) (Fig. 1), the mainstream methodology is to develop components using software simulators and evaluate the developedcomponents using a test system that simulates the input and output conditions electrically. At Takasago, Ltd. we have been developing an EV development test system since 2005 and have developed an EV power emulator that simulates the behavior of a battery, inverter and motor using advanced power supply technology, DSP firmware technology and hardware architecture technology (Photo). We have also developed a charge-discharge test system that can reproduce inverter current waveform patterns similar to those during driving, without using an actual vehicle, for use in the evaluation testing of the secondary battery. In this paper we will introduce the key technologies of the EV development test system.


    
      [image: e120106_01.jpg]

      
        Fig. 1 Electric power train configuration.
      

    


    
      [image: e120106_02.jpg]

      
        Photo External view of the EV power emulator (300 kW total system).
      

    

  


  
    2. Outline


    2.1 Inverter Emulator


    Traditionally, the evaluation of a motor required the evaluation of the inverter and the motor as a pair. This meant that the evaluation testing of the motor was not possible until the development of the inverter was complete, posing an obstacle preventing the reduction of the development period (Fig. 2).


    
      [image: e120106_03.jpg]

      
        Fig. 2 Traditional motor evaluation system.
      

    


    To meet the need to evaluate a motor without waiting for the completion of inverter development, we developed an inverter emulator that simulates inverter operations. We also developed a bidirectional class D amplifier of the constant current drive type with industry-first sine-wave current operation capability for use as the inverter emulator’s AC power source. This AC power supply feeds a sine-wave current to the motor using a DSP-based vector controller for real-time computations of the magnetization component current (Id) and torque component current (Iq). This makes it possible to obtain characteristic data similar to the design values of the motor and to perform ideal evaluation testing efficiently.


    Fig. 3 shows a block diagram of the inverter emulator.
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        Fig. 3 Block diagram of the inverter emulator.
      

    


    2.2 Battery Emulator


    Inverter evaluation testing was traditionally performed by connecting an actual battery as the DC input source. But this method was unable to provide evaluation testing with high reproducibility and stability because battery characteristics vary depending on charge status and temperature (Fig. 4). In addition, since a battery’s energy is limited, the labor of using a charger and adjusting the charge rate was also necessary.
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        Fig. 4 Traditional inverter evaluation system.
      

    


    To solve this problem, we developed a battery emulator that can perform highly reproducible evaluation tests emulating thecharacteristics of a battery (I-V characteristics) using a DSP. Fig. 5 shows a block diagram of this battery emulator.
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        Fig. 5 Block diagram of the battery emulator.
      

    


    An insulated bidirectional DC/DC converter is used as a constant voltage output. It refers to an I-V characteristics table based on the measured current and outputs a voltage corresponding to it.


    To allow emulations to be conducted under conditions close to a battery’s charge-discharge characteristics, it is also possible to set emulation conditions such as charge rate, battery temperature, open voltage and remaining capacity status (Fig. 6).
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        Fig. 6 Emulation by adjusting the I-V characteristics table according to charge rate.
      

    


    As a result, this battery emulator is capable of emulating a wide range of energy storage devices, from secondary batteries based on nickel-metal hydride and lithium-ion cells to capacitors.


    2.3 Motor Emulator


    Developed inverters were previously evaluated by installing an actual motor on the dynamo bench for use as the loadof the tested inverter, so the evaluation was accompanied by mechanical noise and the risks of rotary parts. In addition, a motor matching the inverter had to be prepared every time an inverter of a different type was evaluated. This led to a long time required for preparation and resulted in a deterioration of development efficiency.


    To solve this problem, we developed a stationary motor emulator that is capable of safe evaluation testing by arbitrarily setting the motor constant. This motor model emulates the permanent magnet-type sync motors used in EVs and hybrid vehicles.


    Fig. 7 shows a block diagram of the motor emulator. It is composed of an insulated bidirectional three-phase AC power supply, a series inductor and control circuitry. The insulated bidirectional three-phase AC power supply is operated with constant voltage output and outputs the motor inductor voltage, which is set proportionally to the set frequency according to a preset inductor voltage constant. The system measures the load current from the tested inverter and generates the impedance and inductor components of the motor with vector control to emulate the motor. A dynamo bench is unnecessary, allowing the installation area to be reduced considerably.
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        Fig. 7 Block diagram of the motor emulator evaluation system.
      

    


    2.4 Charge-discharge Test System


    In the development of a secondary battery, a charge-discharge system capable of controlling various charge-discharge modes is necessary to evaluate the reliability, lifespanand other characteristics of the developed battery. Charge-discharge test software adopts a technique capable of compiling testing patterns in hierarchical structures and programming repeat tests efficiently. The set testing patterns position the evaluation group in the top level of the hierarchy and can register up to 30,000 steps of pulse waveforms, including patterns in which the charge-discharge mode setting, time transitions and transition conditions can be registered in up to 50 steps and the driving patterns of actual vehicles (Fig. 8).
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        Fig. 8 Outline of a test pattern based on a hierarchical structure.
      

    


    A variety of charge-discharge modes are available to program any kind of charge-discharge testing.


    
      1) Constant current charge-discharge


      This mode charges or discharges electricity at the set current value.


      2) Constant current/constant voltage charge-discharge


      This mode charges or discharges electricity at a constant voltage while charging or discharging electricity at a constant current value.


      3) Constant power charge-discharge


      This mode performs charge or discharge at a constant wattage.


      4) Pulse charge-discharge


      This mode performs charge and discharge using the same current waveform as that used during the driving of an actual vehicle.

    


    This system’s hardware has the following features:


    
      1) The charge-discharge test system employs a high-precision, high-resolution 16-bit D/A converter for charge and discharge at high precision, high resolution and high setting accuracy.


      2) To evaluate the secondary battery by reproducing the same inverter current waveform as the waveformduring the driving of an actual vehicle (Fig. 9), this system employs bidirectional converter technology to implement performance that can smoothly switch the cross-points between charge and discharge and prevent overshooting or undershooting of the current waveform (Fig. 10).
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          Fig. 9 Current waveform simulating inverter current during actual driving.
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          Fig. 10 Current waveforms during switching from discharge to charge and from charge to discharge.
        

      


      3) A function for superposing AC current in the charge-discharge current is required to evaluate the performance degradation of the inverter due to high-frequency ripple current (a few to a few tens of kilohertz). A charge-discharge system of the 60 V type is capable of supplying a sine wave without zero-cross distortion up to 10 kHz as well as a flat response without gain deviation from DC to 10 kHz (Fig. 11).
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          Fig. 11 Frequency vs. gain of ripple superposition.
        

      


      4) The system also features environmental considerations thanks to its capability for the high-efficiency electrical power generation of discharge energy to the primary sideof the power supply system.

    

  


  
    3. Conclusion


    Environmentally-friendly EVs are expected to be widely popularized more than ever in the future. We will develop more test system products by applying full digital design, reducing analog control circuitry and reducing price so that our systems can be the standards of the vehicle industry.
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  The Large-Capacity EV Fast Charger “TQVC500M3” and the CHAdeMO Protocol Supporting the Charging Infrastructures
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    Abstract


    Preparation of battery charging infrastructures is the key to the dissemination of electric vehicles. Some types of EV chargers are already available according to applications. We would like to introduce the need for the CHAdeMO protocol that allows any vehicle to be charged optimally and the functional specifications and technologies applied to the large-capacity EV Fast Charger “TQVC500M3” that features battery recharging at the most rapid rate.
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    1. Introduction


    The recent development of high-performance lithium-ion batteries has led to the commercial release of new electric vehicles (EVs) by the automobile manufacturers.


    The EV can utilize electrical energy that is easily converted from natural resources. As the EV has a high conversion efficiency of electrical energy to mechanical energy thanks to the use of its high-performance motor, it is regarded as the key to a low carbon society that will support the reduced consumption of fossil fuels such as oil and coal. In spite of its environmental friendliness, the EV requires a long time for a full charge and its cruising distance is shorter than for gasoline vehicles. These issues make it necessary to deal with the fear of battery run-out before the technology can really achieve popularity.


    In order to promote acceptance by the market, it is necessary to prepare charging facilities capable of “anywhere”, “anytime” and “immediate” recharging as an inherent part of the new social infrastructures.


    Below, we report on the CHAdeMO protocol for an electric vehicle quick charging system, and also introduce the functions of the large-capacity EV Fast Charger “TQVC500M3” ( Photo ).


    
      [image: e120107_01.jpg]

      
        Photo EV Fast Charger “TQVC500M3”.
      

    

  


  
    2. Types of Chargers


    The EV chargers can roughly be classified in the following three categories (Fig. 1).


    
      	Normal charger


      	Double-speed charger


      	Large-capacity quick charger

    


    
      [image: e120107_02.jpg]

      
        Fig. 1 Types of chargers.
      

    


    (1) Normal charger


    
      This charger uses a 100 V single-phase AC power outlet, which is identical to the power outlets used typically in Japanese households. The EV is charged via a charger mounted on the vehicle (AC-DC converter).


      Charging takes about 14 hours so it should be conducted during the period the EV is not used, which is typically in the nighttime.

    


    (2) Double-speed charger


    
      This charger uses a 200 V single-phase AC power outlet, which is usually installed as a stand at a parking location or garage. The EV is also charged by a charger mounted on the vehicle just like a normal charger.


      The charge time of about 7 hours is half that of the normal charger. It is called the double-speed charger because it is capable of charging at twice the speed of the normal charger. However, drivers might not feel that the charging time seems to be as fast as the name implies.

    


    (3) Large-capacity quick charger


    
      This charger has an output power of about 50 kW and charges the car-mount battery directly. It is usually equipped with a user authentication function.


      The charging time is as short as 15 to 30 minutes, which means that, if the charger is installed at a commercial facility, the EVs of the customers can be charged while they are doing shopping. The charger communicates with the EV using the CHAdeMO protocol and controls the charge current to complete charging in the shortest period. As the Japanese regulations require a high-voltage reception agreement for an input power of 50 kW or more and makes it mandatory to select qualified personnel (licensed electrician etc.) for installation and maintenance of the power receiving equipment, this charger is suitable for installation in large-scale buildings and large commercial facilities.

    

  


  
    3. CHAdeMO


    The “CHAdeMO” is named from the three puns “CHArge de MOve = ‘de’ meaning ‘for’ in Japanese”, “de = first syllable of Japanese word ‘denki’ meaning electricity” and “CHAdeMO = part of Japanese sentence ‘Kuruma no juden-chu ni o-CHA demo ikaga desuka?’ which means ‘Let’s have tea while charging’”.


    The following subsections describe the needs and functions of CHAdeMO.


    3.1 Specifications of the CHAdeMO


    The specifications of the CHAdeMO are formulated by the CHAdeMO Association. This association was established in March 2010 aiming at the enhancement of charging infrastructures required to support the dissemination of the EV, which aims to contribute to a reduction in emissions from vehicles and to the stabilization of energy supplies. The association is composed of secretary members that include the automobile manufacturers and power companies, the regular members including the charger and parts manufacturers, the supporting members and the observer organizations.


    The association is deploying activities aimed at establishing international standards for EVs from Japan, by advocating “recommending and standardizing the CHAdeMO Protocol enabling optimum quick charging for any vehicle as a global standard”.


    3.2 CHAdeMO Protocol


    If automobile manufacturers adopt different charging methods for different models, the quick charger should be compatible with all of the charging methods.


    Such a situation would necessitate complication of the charging function and hinders enhancement of the installation of charging infrastructures. On the other hand, if all EVs are forced to use the same charging pattern, the EV manufacturers cannot employ their original charging technologies, so that the overall performance would be unable to improve. To solve this issue, CHAdeMO proposed, which defines a common charging protocol so that the EV and charger communicate with each other to charge the battery under the best conditions for both.


    One of the biggest features of the CHAdeMO Protocol is that the EV determines the optimum charge current according to the status of the mounted battery while the charger performs charging by following instructions from the EV that are sent from moment to moment. This feature makes the protocol compatible with any combination of vehicle models and quick charger types. The operations of the CHAdeMO Protocol are performed as shown below (Fig. 2).
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        Fig. 2 CHAdeMO protocol operations.
      

    


    
      1) When the start button on the charger is pressed, the charger notifies the EV of the operation status.


      2) The EV confirms the operation status of the charger and sends the charge permission signal.


      3) The EV sends the current command to the charger (the EV requests the optimum charge current according to the battery status).


      4) The charger outputs current according to the current command from the EV. Hereafter, steps 3) and 4) are repeated.


      5) Charging is completed when the stop button on the quick charger is pressed or the EV sends the charge completion notification.

    

  


  
    4. Specifications and Functions of the Large-Capacity Quick Charger


    This section describes the specifications and functions of the TQVC500M3 large-capacity quick charger.


    4.1 Design Specifications


    The input voltage of the charger is rated at 200 V three-phase, three-wire AC assuming the use of a typical motive power supply. The input voltage range is set to 170 to 230 V considering the voltage drop that may result from the distribution of cables in the installation.


    The frequency variation range is rated at 47 to 63 Hz considering the use of a power supply with poor frequency stability such as a diesel power generator. The power factor is 0.95% or more thanks to the PFC (Power Factor Correction) circuit.


    With regard to the higher harmonic current, this is considered to be equivalent to equipment incorporating an inverter and is set identically to the grid interconnection code of “total current distortion less than 5%, individual current distortion less than 3%”. The operation location requires procedures equivalent to IP45 for outdoor installations in parking lots and roadsides. The ambient operating temperatures are specified at -10 to +40°C assuming the use in Japanese territories other than cold regions (Table).


    
    
      Table System specifications.
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    4.2 Function Blocks


    The quick charger is composed of two blocks, including the “power supply block” that generates the DC output from the 200 V three-phase AC input and the “control block” that controls the vehicle communications and communications to outside as well as the power supply block (Fig. 3).
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        Fig. 3 Function blocks.
      

    


    (1) Power supply block


    
      The power supply block consists of two converters: the “AC/DC converter” including the PFC circuit and the “DC-DC converter” including the insulating transformer (Fig. 4).


      
        [image: e120107_06.jpg]

        
          Fig. 4 Details of power supply block.
        

      


      The electricity flows in the order of: 200 V 3-phase AC input → Noise filter → No-fuse circuit breaker → Contactor → Rush current protection circuit → AC reactor → 3-phase PFC → transformer-insulated DC-DC converter → Backflow prevention diode → Output noise filter → Charging cable → EV.


      1) AC-DC converter


      The AC-DC converter rectifies the 200 V three-phase AC input by means of three-phase PFC control. During this procedure, it also reduces the harmonics of the input current, improves the power factor and stabilizes the DC bus.


      The harmonics reduction function and power factor improvement function serve to reduce the burden on the system.


      2) DC-DC converter


      The DC-DC converter converts DC voltage into a high-frequency AC voltage and applies the voltage to the insulating transformer.


      The insulating transformer is necessary for ensuring the safety of the operator and vehicle by insulating the power grid (200 V AC) and charger output.


      The converter rectifies and smoothes the secondary voltage of the insulating transformer and generates a DC voltage.


      The output voltage range is as wide as 50 to 500 V in order to deal with the various EV batteries. The maximum current output is 125 A.

    


    (2) Control block


    
      The control block consists of two blocks; the “power controller” that commands the power supply block to start/stop the charge current and controls the charge current based on communications with the EV, and the “outside controller” that allows a remote party to control and maintain the charger.


      1) Power controller


      The power controller communicates with the EV using the CHAdeMO Protocol.


      The communication interface applies the contact signal and CAN (Controller Area Network) communication. Rarity of malfunction thanks to high noise resistance and the fast communication rate allows the power controller to respond to the charge commands sent successively from the EV. The power controller controls the current of the power supply block linearly so that efficient charging is possible.


      2) Outside controller


      The outside controller has a high-brightness color display with a touchscreen on the front panel that is highly legible, even under direct sunlight outdoors.


      The outside communication interfaces (LAN/RS-232C) are available for starting/stopping charging and managing operational situations remotely.


      As the optional functions, it is possible to add an authentication function that uses an IC card or e-money for billing, and a contact input/output function that enables external control and monitoring.

    

  


  
    5. Conclusion


    The dissemination of EVs has made it necessary to install quick chargers at various locations. Quick chargers are also required to further reduce their size to deal with installation space issues when charging multiple vehicles simultaneously. The size reduction imposes a need for improvement of the power factor and reduction of the magnetic parts sizes by increasing the switching frequency.


    Furthermore, the quick charger is expected to be used as a bidirectional converter for V2G (Vehicle to Grid) applications, with which the lithium-ion battery of the EV will be used as an energy storage device. In the future, we will advance development of more attractive products by adding various service features.
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    Abstract


    EVs and PHVs are about to start spreading due to growing environmental awareness. However, since significant electric power is required to charge these vehicles, it is not easy to install new charging facilities in the car park of an existing apartment building.


    Accordingly, we have developed a charge controller as a key device for realizing the provision of safe, secure and convenient charging services so that a user can reliably use charging services outside the house, even for EVs and PHVs, just like refueling a gasoline vehicle. A single charge controller can control multiple chargers and enables not only support of charge operations but efficient management of authentication/billing and charger operation through collaboration with EV charging cloud services.
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    1. Introduction


    We are gradually coming to see electric vehicles (EVs) and plug-in hybrid vehicles (PHVs) in our cities. According to statistics of the number of electric vehicles owed (estimated)1) by the Next Generation Vehicle Promotion Center, the number of EVs and PHVs domestically owned was 16,900 units in FY 2010 vs. 8,600 units in FY 2009. This shows that the figures are small yet doubled. In addition, when the Tokyo Motor Show was held at the end of 2011, many new models of EVs and PHVs were released by domestic and foreign automobile manufacturers, showing that these vehicles are steadily gaining in popularity.


    On the other hand, since the charging infrastructure (Fig. 1) required for charging EVs and PHVs is still immature as a market, its maintenance is an urgent task.


    
      [image: e120108_01.jpg]

      
        Fig.1 Charging infrastructure.
      

    


    We see some charging infrastructure is open free of charge in public offices and commercial facilities. However, the following mechanism is considered to be required to mature the market fully: the charging service business operator who provides the charging opportunity has to actively maintain the charging infrastructure while a beneficiary pays the costs.


    NEC has planned and developed a “charge controller” to be used presumably by a charging service business operator when charging services are provided to EV and PHV users. It is introduced in this paper.


    While the charge controller guides a charger’s usage so that EV and PHV users can use it safely and securely, it also enables user to conduct authentication and billing in cooperation with cloud computing and the efficient operation management of the charger.


    Section 2 describes the charging infrastructure required to provide the charging services for which this charge controller is commercially produced and planned. Sections 3 to 5 describe the overall system configuration of the charging infrastructure to meet the requirements, features and functions of the charge controller.

  


  
    2. Requirements for Charging Infrastructure


    Charging infrastructure basically provides an opportunity to charge all EV and PHV vehicles and needs to have a means of settlement to impose cost burdens on EV and PHV users according to its use.


    Accordingly, this section describes the following three items as preconditions for the examination of requirements: (1) classification of EV and PHV charging systems, (2) electricity costs per charge and (3) classification of settlement methods. In addition, the needs of presumed charging infrastructure users (e.g. EV and PHV users, car park owners, charging service business operators) are described.


    2.1 Premises for the Examination of Charging Infrastructure Requirements


    (1) Classification of EV and PHV charging systems


    
      Currently, EV and PHV charging systems come in three types: quick charging, regular charging, and wall outlet (Table 1).


      
      
        Table 1 Classification of charging systems.
      
[image: e120108_02.jpg]


      As shown in Table 1, the charging capabilities and the requirement or non-requirement for an in-vehicle charging cable depend on the type of charger used. In addition, the types of chargers that are usable depend on the type of EV or PHV.


      Therefore, it is necessary for the charging infrastructure to select one of the optimal chargers according to the places where EVs and PHVs stop and the needs of users and car park owners, including stop hours.

    


    (2) Electricity cost per charge


    
      For example, the following is the electricity bill when Nissan Motor's EV “Leaf,” whose battery capacity is comparatively large, is charged from zero to full charge:


      Battery capacity (24kWh) × electricity cost (approx. 25 yen/kWh) = around 600 yen (per full charge).


      For this reason, consumers are expected to repeatedly pay a small amount of money compared to when refueling gasoline vehicles.

    


    (3) Classification of settlement methods


    
      Mechanisms exist for using cash, magnetic cards and IC cards as settlement media, similar to charging at vending machines and gas stations. An appropriate method is selected and used depending on the application (Table 2).


      
      
        Table 2 Classification of settlement methods.
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      We believe a non-contact IC card with a small maintenance load is suitable for EV charging infrastructure to develop more charging stations for paying a small amount of money in various places where EVs and PHVs stop by.

    


    2.2 Charging Infrastructure Requirements


    It is necessary for charging infrastructure requirements to consider the viewpoints of both charger users and operators such as car park owners and charging service business operators. It is important to keep these requirements in mind when the charge controller is developed.


    We especially focused on the following requirements:


    (1) Users' viewpoints


    
      	Safe, secure and simple equipment


      	Easy-to-use and intuitive user interface (hereinafter, "UI") for those who operate chargers for the first time and are unfamiliar with IT equipment

    


    (2) Operators' viewpoints


    
      	Scalability to support an electric power peak cut


      	Scalability to support various existing/new chargers


      	Mechanisms for unattended operation 24 hours a day, 365 days a year


      	Consideration of reliability and operability for long-term operations


      	Consideration of environmental resistance, assuming outdoor installation

    

  


  
    3. System Configuration


    Fig. 2 shows the overall system configuration of the charge controller.
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        Fig.2 System configuration of charging infrastructure.
      

    


    1) Charge controller


    2) Charger (quick charger/regular charger/wall outlet)


    3) EV charging cloud services


    
      This system has membership information, charger information and various databases to manage the overall integrated system information.

    


    This system configuration is examined and the main points described below.


    (1) Physical separation of charge function and information processing function


    
      The system is configured to separate these functions. The charger basically has the charging function only, while the information processing required for charging services, such as member authentication, UI for charge operations, management and control of the charger, center communication and the like, is realized in cooperation with the main charge controller and EV charging cloud services.


      Accordingly, EV and PHV users can operate a standardized UI charger even when the various existing and new chargers (quick, regular and wall outlet) have, for example, various UIs for charge operations. In addition, since a simple charger can be selected, having only a charge function and a simple communication function, capital investment can be reduced when several chargers are installed in one place.

    


    (2) EV charging cloud services


    
      Since the minimum functions required for charging services, such as member authentication and charger management, are provided as cloud services, the costs required are for system development and the operations of the charging service business operator.


      In addition, external service connections are interfaced so that services can be enhanced by each charging service business operator.

    


    (3) Considering future cooperation with electronic money settlement services


    
      To support the future of electronic money, our multi-service reader/writer is adopted in the main processing unit of the charge controller. With this we have a rich proven track record in electronic money settlement services, such as beverage vending machines.


      Since the multi-service reader/writer has an online add-on service function, even when future forms of electronic money settlement are requested it will not be necessary to change hardware, only update software.

    

  


  
    4. Charge Controller Features


    We believe that it is necessary for the charge controller to be a product with a universal design so that a wide range of EV and PHV users can easily use it, including for public use, outdoor installation and unattended operation, regardless of age or gender.


    Then we developed the product from the planning and design stages in collaboration with the following members, who have a track record and know-how with user-oriented design considering ease of use:


    ・ NEC Design & Promotion


    
      In charge of charger housing and UI design due to its track record for universal design in service terminals, such as ATMs, POS and quick chargers.

    


    ・ NEC Engineering


    
      In charge of hardware, including power supply, network and housing, and application development due to its track record in various social infrastructure in general, for public use and outdoor installation from the seabed to space.

    


    The following describes the features taken into account for planning and development:


    (1) Features of the external design


    
      For the charge controller’s external design, we have formulated a basic concept emphasizing visibility and operability for users.


      Since the color green is used for external designs to show an environmentally friendly image and the control surface can optimally adjust its height on an inclined surface, high visibility and operability are secured for users in various conditions (Fig. 3). Touch switches also used in home appliances are employed for the control unit to achieve smooth operations (see Photo).
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          Fig. 3 Charge controller external appearance.
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          Photo Charge controller external appearance (left: overall view, right: control unit).
        

      


      In addition, the charge controller is made in an environmental resistance design for outdoor installation and is constructed to conform to IP55*1 for water- and dust-proof characteristics.

    


    (2) UI features


    
      Since the UI was planned to support unattended operation, it was designed to be intuitive, easy to understand and easy to operate even for those who are using it for the first time.


      
        	A bright and easy-to-see vacuum fluorescent display with 16 columns × 4 rows


        	Simple operation buttons (“Right,” “Left,” “Enter” and “Cancel”)


        	Optimized control logic enabling use with fewer operations


        	Easy-to-understand expressions and descriptions for those who are unfamiliar with IT equipment

      

    

  


  
    *1 IP (International Protection) is a specification based on IEC60529 for devices such as machinery and equipment, representing them by a grade for their protective structure against the intrusion of solid foreign objects or liquids.

  


  
    5. Charge Controller Functions


    (1) User management functions


    
      Regardless of membership and the type of electronic money used, since the user is identified when the FeliCa card is first waved, this function displays to the screen according to that user’s usage conditions of the charger.

    


    (2) Charger communication functions


    
      When communication is made between the charger and the charge controller, it is possible to monitor the fitting condition of the charge connector, current, electric power, etc. It also enables to control the charger, such as a charging start/stop status and specifying the current value.

    


    (3) Multiple charger controls


    
      Currently, one charge controller can control up to five regular chargers. In the future, we will enhance our charge controller to cope with the co-existence of quick chargers and regular chargers and also increase the number of chargers that can be controlled (approx. 30).

    


    (4) Communications function with EV charging cloud services


    
      It is possible to send various information to EV charging cloud services as required, such as the power used amount and its time together with authentication process information and also power demands at each power receiving point in addition to charger operation status information. Moreover, various settings information can be downloaded from the EV charging cloud service.

    

  


  
    6. Conclusion


    In the field of EV charging infrastructure, where sufficient deployment is imperative to cope with the dissemination of EVs and PHVs, NEC will promote the planning and development of a charge controller under the best use of our development technology and expertise accumulated in a wider range of product markets, such as EV charging cloud services, embedded systems, etc., to contribute to the dissemination of EVs and PHVs in the future.


    We expect that our charge controllers will be widely used among consumers to realize an information society that is friendly to humans and the Earth.


    We will continue our ongoing efforts to provide superior products and services by feeding back more needs from users who experience them into subsequent products.

  


  
    *FeliCa is a registered trademark of Sony Corporation.
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    Abstract


    NEC is marketing a lithium-ion battery-based household energy storage system capable of the automatic control of power consumption in households. Based on extensive use of NEC’s energy storage, control and cabinet technologies, it is an energy storage system for houses that is capable of efficient interconnection with grid and solar-generated power sources. This paper gives an outline of this energy storage system and describes the individual technologies that are used.
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    1. Introduction


    The recent rise in the need for energy-saving in Japan has resulted in a reduction in electricity consumption and a peak shift campaign for reducing power usage in the daytime peak hours as well as a massive introduction of solar power generation systems for households. In parallel with this trend, there remains the need to maintain household power sources even during a disaster or company power outage. To meet these needs, we are marketing a household electrical energy storage system that connects our proprietary lithium-ion battery technology with its featured safety and long lifespan with a power control technology based on ICT (Photo).
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        Photo Household energy storage system (ESS-H-002006A).
      

    

  


  
    2. Outline of the Household Energy Storage System


    In the summer of 2011 we began to market a lithium-ion battery-based household energy storage system capable of the automatic control of household power consumption thereby making it available for use by enterprises that included housing appliance manufacturers.


    Our household energy storage system not only stores nighttime power but it is an energy storage system that enables houses to interconnect efficiently with the grid or a solar power system. The active use of nighttime power can reduce electricity charges and also promote environmental compatibility by reducing energy usage and CO2 emissions. It can also serve as a backup power source for use in the case of a power outage. The present energy storage system has the following features.


    ・ Feature 1: Active use of nighttime power for saving electricity charges


    
      Interconnection with the grid makes it possible to utilize the electrical energy stored off peak in order to satisfy demand during the daytime peak hours.


      This procedure contributes to peak time economy over the entire grid and also reduces the cost of electricity due to the difference in electricity prices between daytime and nighttime.

    


    ・ Feature 2: Possibility of interconnection with solar power systems to promote environmental friendliness and electricity saving


    
      Interconnection with an existing solar power generation panel makes it possible to store excess electricity in a storage battery according to the amount of solar power generation and the usage of home appliances in each household. Efficient control via such an energy storage system enables reductions both of power consumption and CO2 emissions.

    


    ・ Feature 3: Applicability as an emergency power supply, substantial support


    
      In the case of a company power outage, the system functions as an emergency power supply by automatically discharging electricity through the distributor panel to back up the power consumed in the household. When a communication module is included in the system, its operation/usage situation can be relayed to the manager so that the system can be supported by remote management.

    


    ・ Feature 4: Cabinet design that withstands various installation environments


    
      The system is water-proof and dust-proof thereby ensuring normal operation even during a long period of outdoor installation. In addition, anti-rust, anti-salt and anti-bug countermeasures are also taken to deal effectively with various installation environments.

    

  


  
    3. Configuration of Energy Storage System


    The energy storage system is composed of a storage battery for storing electricity, a power conditioner (PCS) for DC-AC conversion of the battery power and a system controller that controls the above components and enables interconnection with both grid and solar power systems (Fig. 1).


    
      [image: e120109_02.jpg]

      
        Fig.1 Components of energy storage system.
      

    


    3.1 Storage Battery and BMS


    To provide users with the benefits of a household energy storage system safely and over long periods, we have developed secondary battery cells featuring high safety and a long lifespan. We also offer a high-functionality battery management system (BMS) for status monitoring and control of the entire storage battery system, including the secondary battery cells.


    (1) Secondary battery cells featuring high safety and long life


    
      NEC has been developing lithium-ion secondary batteries since the early 1990’s. In 1996 we succeeded in the world-first mass-production of lithium-ion secondary battery cells with manganese positive electrodes. They also featured the spinel structure that does not become unstable even when overcharging occurs. In 2000 we developed the laminated type lithium secondary battery featuring quick charge and high-power discharge capabilities that had been difficult to implement previously. More recently in 2010, we started commercially based mass-production of secondary battery cells featuring high safety and long lifespan for use in environmentally friendly vehicles. These cells utilized the manganese positive electrode and laminated battery technologies that had by that time been in development for more than a decade. The secondary battery cell technologies developed to meet the high-safety and long-lifespan requirements of environmentally friendly vehicles are applied to the household energy storage system.

    


    (2) Battery management system (BMS)


    
      In order to ensure safety, the lithium-ion secondary battery cells require circuitry for controlling the charge/discharge of the cells by preventing overcharging, over-discharging, over-current and short-circuiting, which is called the “protection circuit.” The present household energy storage system is equipped with a function called the BMS, which protects the safety and ensures the reliability of the cells.


      The BMS has the following main functions.


      ・ Secondary battery cell control:


      The monitoring of secondary battery cell voltages, etc., for the prevention of overcharge, over-discharge, over-current, short-circuiting, and abnormal outages.


      ・ Optimum output control:


      Grid interconnection and independent operation modes.


      ・ Visualization:


      System status displays such as for remaining battery capacities.


      ・ Communication/control interface:


      Information sharing with higher-level systems such as the PCS and HEMS, plus control from the higher level.


      ・ System maintenance:


      Remote operation function and transmission of data such as fault information.

    


    3.2 System Controller


    The system controller controls the operation of the entire energy storage system.


    (1) Software


    
      The system controller software includes: the “system manager” that manages the operation modes of the energy storage system, the “PCS manager” that manages the power conditioner status, the “LIB manager” that manages the lithium-ion battery status, the “PV manager”, “grid manager” and “load manager” that manage other power conditions, the “CAN communicator” that communicates with the power conditioner, the “RS485 communicator” that communicates with the battery and various power meters, and the “information transmitter” that outputs the maintenance information to an external server (Fig. 2). The status information of the operational mode is shown on the display screen (Fig. 3).
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          Fig. 2 Software configuration of system controller.
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          Fig. 3 Example of the system controller display.
        

      

    


    (2) Operational mode management of energy storage system


    
      The operational modes supported in the normal operation of the newly developed energy storage system can be classified roughly into four modes.


      The main function of the system controller is to manage the following operations modes based on communication of information with the power conditioner and storage batteries and the results of measurements of the output power of the solar power generation system.


      1) Power load tracking operation mode


      In this mode, the storage battery is charged from the nighttime power and is then discharged in daytime to reduce the amount of the daytime peak electric power usage.


      2) Power peak cut off operation mode


      The battery charging condition in this mode is identical to the power load tracking operation mode. However, the battery is discharged when the daytime electricity consumption exceeds the contracted power of the daytime grid usage.


      3) Planned operation mode


      The battery charging condition in this mode is identical to the power load tracking operation mode. In the daytime peak, a power cut operation is performed for a certain period, after which the same operation as for the power load tracking operation mode is initiated.


      4) Manual operation mode


      The battery charges and discharges electricity at any time, according to the user control.

    


    All of the operation modes above include the “economy mode” for selling excess solar power to the power company and the “green mode” for charging the storage batteries with the excess solar power.


    3.3 Cabinet


    The cabinet of the household energy storage system is installed outdoors. It is required to offer rugged, hermetically sealed features that allow the internal lithium-ion batteries, precision equipment and network equipment to be installed and operated safely. In the present development, therefore, the key theme was set to deal with various environmental conditions by waterproofing, etc. and also to incorporate quietness as a function in consideration of user convenience. In the following, we discuss the water proofing and noise reduction measures as the most desired environmental specifications.


    (1) Water proofing


    
      The environmental specifications adopted for the systems cabinets are those that are also used for the radio communication equipment and telephone base stations that we have long been marketing inside as well as outside Japan.


      With regard to the water proofing, which is the most representative specification, the present system does not adopt the simple rainproof rating (IPX4) that is applied generally to outdoor fixed equipment but selects the JIS C0920 IPX6 rating, with which no harmful water penetration is produced by strong water jets from any direction.


      To meet this rating, the double construction of sunshade + main body and the maze structure of the opening area are built into the cabinet as water-resistant structures. In addition, to secure reliability by covering any possible variance between individual products, 100% of the shipped products are subjected to water resistance inspections.


      Thanks to the measures above, the cabinet of the newly developed household energy management system has acquired equivalent reliability to the similar cabinets of the infrastructure equipment.

    


    (2) Noise reduction measures


    
      Next, aiming at reducing the environmental load on the living environment, we set the noise specification to type A of the environmental noise standards codes (The area exclusively used for housing: No more than 45 dB at nighttime).


      Nevertheless, the household energy storage system had an issue accompanying the efficient use of low-priced nighttime power. This was the activation of internal equipment at night and the resulting operation of the fans for cooling the equipment.


      We solved this problem and minimized the fan noise by abandoning equipment cooling using fans to introduce outside air. Instead, we adopted internal air circulating fans and a large-sized radiator for natural air-cooling and succeeded in eliminating the leakage of fan noise through the outside air inlet (Fig. 4). In addition, we also added a fan rotation control function by installing temperature sensors on the internal air circulating fans so that they are activated only for the minimum required period.
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          Fig. 4 Cooling System Construction
        

      

    


    As described above, the cabinets of the newly developed household energy storage systems meet the functional requirements for safe installation and operation even outdoors as well as offering a comfortable operational environment.


    3.4 System Monitoring


    With regard to the safe, secure operation of the energy storage system, this is monitored for faults and the battery data is recorded (Fig. 5).
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        Fig. 5 Image of energy storage system surveillance.
      

    


    (1) Fault monitoring


    
      The energy system transmits the alarm information and measurement information via the FOMA cell phone network to the log server installed at NEC. Any critical alarm of the class causing system shutdown is transmitted by an e-mail to the cell phone of the registered maintenance personnel to ensure early fault detection.


      The alarm functions of the energy storage system cover the following types of alarms.


      
        	Voltage/current threshold monitoring for protection of the batteries.


        	Company power grid abnormality monitoring (power failure, etc.)


        	Power conditioner failure monitoring.


        	System controller failure monitoring.


        	Battery failure monitoring.

      


      As the development of the present energy storage system is a new challenge for us, it is essential to check the behavior of equipment in detail regarding the safety of the lithium-ion batteries. Therefore, since the summer of 2011, specialized engineers have been appointed to monitor the above data.

    


    (2) Battery data measurement


    
      The battery data measured includes the voltage, current and wattage.


      For enterprises introducing energy storage systems, the measured battery data serves to predict the electricity usage of customer households. On the other hand, the data serves to protect and monitor the condition of the batteries and, when this data is stored as the history of equipment evaluation results, it serves also to support the design of future energy storage systems.


      With the present system, the energy storage system transmits battery data once a day for storage in a log server.


      The data collected at fixed intervals is batch transmitted at every midnight.


      Table shows the representative information sent as battery data.


      
      
        Table Battery data.
      
[image: e120109_07.jpg]

    

  


  
    4. Conclusion


    Since the summer of 2011 and in order to perform joint demonstration trials, we have been delivering a 6 kWh energy storage system based on the technologies described above to major housing manufacturers and energy-related enterprises. We are currently collating details of issues extracted from these trials so that we may incorporate improvement measures in the new product. This is being developed in collaboration with NEC Energy Devices and NEC Engineering, aiming at launch in the spring of 2012.


    With regard to price reduction, which is the most important issue that affects the massive dissemination of household energy storage systems, we intend to stress the importance of cost reduction measures by utilizing the battery technology of the EVs, optimizing the costs of component parts and utilizing an SCM.

  


  
    *FOMA is a registered trademark of NTT DoCoMo, Inc.
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    Abstract


    NEC has been developing an energy storage system for industrial and grid use. We have been applying our expertise in this regard in developing the energy management system of the “Yokohama Smart City Project (YSCP)” selected as “Next-Generation Energy and Social Systems Demonstration Areas” implemented by the Ministry of Economy, Trade and Industry in Japan. We have also conducted the overseas field trials of a large-scale energy storage system using a lithium-ion battery technology in collaboration with the U.S. Electric Power Research Institute (EPRI). Furthermore, we have started to examine the introduction of an energy storage system for the Italian electricity company Enel and a self-sustained power supply system for the Indonesian islands.
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    1. Introduction


    An energy storage system is an “electricity storing technology.” When electrical energy is accumulated in an energy storage system, the electric power load is equalized and an efficient use of energy is enabled. An energy storage system may also be used to provide emergency backup power. Since an energy storage system offers a broad range of versatility, its technology may be used in many different domains in order to meet the needs of various consumers. Such as in commercial facilities, factories and housing as well as in power plants, where renewable energy is used, and for grid applications including power transmission and distribution equipment, etc.


    NEC has been working on the development of energy storage systems for industrial and grid use as well as home energy storage systems. Storage batteries are expected to be used for many applications; e.g. as an Energy Management System (EMS) that takes energy efficiency into consideration for backing up industrial usage, off peak control adjustment of demand fluctuations (adjusting the supply and demand) and for output stabilization of power generation equipment. A response to the proposed full-scale introduction of renewable energy has also been highly regarded recently for grid applications. Since the amount of power generation, such as via solar or wind power, depends on the amount of solar radiation or the wind direction, its value is subject to fluctuations. Storage batteries are designed to instantaneously stabilize the voltage and frequency of the grid due to the equalization of supply and demand balance and to thereby offset any sudden changes in supply or demand.


    Field trials have been started in various locations globally so that we may demonstrate the potential utility of these storage batteries (see Fig.). Currently, we have been working for the Energy Management System of the “Yokohama Smart City Project (YSCP)” in Japan and have also collaborated with the U.S. Electric Power Research Institute (EPRI) on overseas projects. We also plan to participate in various field trials on a global scale.


    
      [image: e120110_01.jpg]

      
        Fig. Global development of energy storage systems.
      

    

  


  
    2. Features of the Large-Scale Energy Storage System and Collaborative Development with BEMS


    2.1 Features of Large-scale Energy Storage System


    Currently, pumped-storage power generation is the main system used generally as an energy storing system in the Megawatt (MW) class. A pumped-storage power generation system obtains electric power by pumping water to an upper reservoir by using inexpensive off peak power at night and then discharging the water by gravity in the daytime to drive the turbines. However, pumped-storage power stations can only be constructed in certain locations with suitable differences in height between the water resource and the reservoir. Such a constraint poses geographic restrictions and does not allow wide usage. The large-scale energy storage system, NAS battery (sodium-sulphur battery), was marketed in 2002 to solve this problem. The NAS battery is the world's largest energy storage system and is mainly used in the peak shift (purchasing electric power is equalized using an inexpensive night electric power) of industrial and commercial buildings and for backup power in cases of power failure. It has been introduced in five countries worldwide and the total amount of equipment is more than 300MW (at 2GWh). There is a growing expectation globally that the next large-scale energy storage system to follow the NAS battery system will be the lithium-ion battery system commercialized by our company.


    The lithium-ion battery solution currently has two technical issues that require immediate solution; the technical issues regarding “large capacity” and “long service life” must be resolved with regard to the safety and economy issues.


    Firstly, we describe issues with regard to increasing battery capacities. “Electric Vehicles (EVs) and Hybrid Electric Vehicles (HEVs)” are the largest application markets for lithium-ion batteries at the present time. These applications are also expected to experience significant market dissemination and their battery capacities are expected to be approximately 20 kWh at maximum. On the other hand, as mentioned above, the battery capacities required for a peak shift in the amount of power consumption of buildings of urban areas, collective housings, commercial facilities and factories are expected to be several MWh, i.e., several tens of times larger than for the EVs. For this reason, it is important to develop technologies to operate such a battery system safely and stably. It is required that the battery technologies (battery material, structure and manufacturing technologies) and the monitoring of the control system technology are capable of handling many batteries in order to realize such large capacities. Aiming to establish these technologies, we are actively participating in field trials that are being conducted inside and outside Japan, such as in large-scale commercial facilities and for the commercial electricity to be distributed via the grid (see below for more details).


    Next, the “long service life” technology is described. One of the demands for energy storage systems is the capability of supplying stable and high-quality power for over 10 years, like that achieved by conventional power supply systems. Such energy storage is expected to be installed at the power facilities of power companies in countries where collaborative engineering experiments are currently carried out with NEC, especially at the facilities in the grid networks. Markets for lithium-ion batteries used to be notebook PCs, cell phones and digital cameras etc. However, the useful lives of such products are approximately five years at maximum. When considering this constraint and in order to support systems with longer useful lives safely and stably, it is imperative to establish a new technology by adopting the existing technologies used for car batteries.


    On the other hand, for monitoring and controlling the components inside the energy storage battery system as well as linkage with upper Energy Management Systems, we will optimize and employ our proven technologies accumulated in the fields of communications and control software system technologies.


    The market for large-scale energy storage systems has not yet matured. However, it may develop rapidly in accordance with the emergence of the smart grids. To cope with such an event, we plan to accelerate the development of key technologies that support our target businesses while taking the safety factors into consideration as a main factor.


    2.2 Collaborative Development with BEMS Using Lithium-ion Battery in YSCP


    As one of our programs of the “Yokohama Smart City Project (YSCP)” selected as the “Next-Generation Energy and Social Systems Demonstration Areas” implemented by the Ministry of Economy, Trade and Industry, NEC is developing an Energy Management System employing lithium-ion batteries. This is being undertaken in collaboration with electrical and electronic equipment manufacturers that possess superior technologies in the energy field.


    This program is carried out while linking with the proposals regarding the YSCP master plan submitted by the city of Yokohama to METI. We are playing an important role among participants in the group conducting the field trials of the “Energy storage complex system technical development” project in Yokohama City.


    We are developing an Energy Management System to support enterprises that integrates the Building Energy Management System (BEMS) developed by other electrical and electronic equipment manufacturers and the large-capacity energy storage system. It features our lithium-ion battery technology adopted for the battery system of EVs. Field trials have been scheduled to take places over the five year period from 2010 to 2014. We plan to develop an energy storage unit and PCS (power conditioner) to introduce the BEMS development and demonstration fields in 2011.


    This system allows the business operators of large office buildings and factories to integrally manage and control the use of storage batteries of several hundred kWh. It thereby enables them to optimally use the commercial power supplied by the electric power companies as well as the power generated by the household power generators. When using this system, business operators can efficiently use energy sources depending on the status of demand. They will thereby contribute not only to reduce energy costs and CO2 emissions, but also to set targets to reduce electric power costs by 25%.


    The functions of the system are designed for buildings having two or more power supplies and heat sources to improve the energy efficiency of all the facilities when BEMS controls are integrated with the multiple energy systems. In this process, when the controls are integrated in response to requests by the Community Energy Management System (CEMS), the “demand response” *1 achieves. In addition, the flexibility of the energy control is increased by applying a large-scale stationary storage battery system that utilizes the advantages of the lithium-ion battery. Moreover, while employing the EVs as a charging and discharging auxiliary device, we aim to enhance the introduction effects of the BEMS. Furthermore, we are able to verify rationalization of energy usage and also to improve techniques related to the investment returns on the storage battery system when the electric power can be interchanged between two or more buildings by applying the mutually cooperative controls of BEMS. When the above functions are realized, a low-carbon building is achieved; furthermore, we are aiming thus to construct BEMS in such a way as to contribute to a low-carbon society at the local level.

  


  
    *1 Controlling the power consumption of the demand side by the power industry company according to the demand of electric power grids or its system.

  


  
    3. Global Strategy


    An electricity supply/demand situation may vary greatly depending on geographical conditions or regional (country) strategies. For example, it may depend not only on differences in the frequency and voltage coming from historical circumstances, but also on differences in the types of power generation, transmission and distribution systems as well as on local government policies regarding the introduction of renewable energy. Therefore, the required system differs from an energy storage system that depends on regional policies and it is also constantly changing as the environment changes.


    In such circumstances, we are considering the acquisition of a platform aimed at global expansion and are currently conducting developments and field trials with local partners that targets global markets. We also plan to implement a policy of continuous future expansion.


    In addition to the YSCP as mentioned above, we currently take part in various domestic field trials. These are: the collaborative field trials of large-capacity lithium-ion energy storage system with the U.S. Electric Power Research Institute (EPRI), the collaborative development of a next-generation smart grid system with Italian leading electric power company, and “A research project commissioned as part of an infrastructure system export promotion (potential business investigations of smart communities in the global market)” in Indonesia. All of these projects are introduced in detail below.


    3.1 Collaborative Field Trials of a Large-capacity Lithium-ion Energy Storage System with EPRI


    Our company conducts collaborative demonstration experiments of large-capacity energy storage system using the lithium-ion battery technology with the U.S. Electric Power Research Institute (EPRI), at the EPRI laboratory located in Knoxville, Tennessee. EPRI is the largest electric power technology research institute in the U.S. (Photo).
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        Photo The unit employed in the collaborative field trials with EPRI.
      

    


    The experiments are for exploring the scope for applications expansion of energy storage systems and the evaluation of large-scale energy storage systems for the grid. We also develop an energy storage system of 25kW/50kWh that is applied for the prospective smart grid experiments at an early stage as well as collaboratively conducting a variety of evaluation tests in U.S. environments.


    In the U.S., energy storage systems are expected to be widely applied for the stable output of wind power and photovoltaic (PV) power generation, electric power fluctuation adjustments of power distribution systems, and for the nighttime electric power storage of commercial and residential buildings, EPRI evaluates various energy storage systems that support power projects for the smart grid.


    We have been promoting optimal and low cost power management via the development of manganese lithium-ion secondary battery. With the best use of this battery technology, we have established strong cooperation with EPRI in proceeding toward the realization of a large-scale energy storage system by which high reliability, large capacity and long service life will be achieved. We are expecting to take the initiative in the energy industry based on these achievements.


    3.2 Activities in Italy


    (1) New energy strategy of the EU (European Union)


    
      2In November 2010, the European Commission announced a new energy strategy “Energy2020” for the next 10 years and had the following targets called “three 20% goals.”


      
        	Greenhouse gas emissions will be reduced by 20% in 2020 compared to 1990.


        	The renewable energy component of the final energy consumption will be raised by 20%.


        	Energy efficiency will be raised by 20%.

      


      The priority issues of “Energy2020” are set to achieve the above goals and lead the European Commission to propose future specific measures. The issues contain an energy infrastructure building scheme to cope with the pan-European level. The core of the scheme is to introduce renewable energy power sources, such as sunlight, wind power and hydraulic power, and also to introduce grid networks to support the scheme.

    


    (2) Electricity situation in Italy


    
      While the EU sets strategies as mentioned above, Italy has been promoting a policy for spreading the photovoltaic (PV) power generation for an even longer period and the photovoltaic (PV) power generation installed capacity as of September 2011 exceeded 10,000 MW. When power from renewable energy is more widely available and the unstable power supply originating from natural power sources is increased, it will become an important issue not to affect the electric power quality. Since the Italian nuclear power plants were closed in 1987 as influenced by the Chernobyl nuclear power plant accident, there has been a tendency toward electric power shortages and not enough new power generation facilities have become available. However, Italy has been compensating for power shortages by importing electric power via the inter-European transmission grid, from France, Switzerland and the like. There are also other transmission grid links including to Slovenia and Greece. However, stable power supplies are becoming more and more important in response to the projected increase in natural energy sources. In addition, Europe frequently has problems due to momentary power failures caused by voltage drop etc.


      Under these circumstances, there is an increased need to improve the electric power quality of the power grid in Italy.

    


    (3) Collaborative demonstration experiment project with Enel


    
      In April 2011 we agreed to build strategic partnerships with Enel Distribuzione (hereinafter “Enel”), an affiliate of Italian leading power company Enel SpA, in order to perform collaborative developments on new solutions technologies aimed at realizing the smart grid. As its first project, the lithium-ion battery system developed by NEC was installed in a substation under the control of the Enel distribution network and our plan to conduct field trials is currently under way. We confirmed the effectiveness of the project in a power distribution network environment via the field trials held under the Italian electric power regulations. Supplying (discharging) correction power to maintain power quality (such as voltage, frequency, etc.) using storage batteries, and storing the surplus power generated by renewable energy power sources, etc. While we contribute to resolve issues and improve the electric power quality in Italy, it will also offer an opportunity to collaboratively gain expertise that may potentially benefit future business developments. Since the foundation of the reliability of our lithium-ion battery technology has been obtained by mounting them on EVs, it is expected to offer an opportunity for future business expansion even for the stationary-type systems.

    


    3.3 Activity in Indonesia


    (1) Electricity situation in Indonesia


    
      In Indonesia, high economic growth has been continuing even after the global recession. In order to fulfill the rapidly increasing electricity demand at the same time as also preventing global warming, which is an international trend these days, has urgently required the introduction of renewable energy. While the growth of the electricity demand from 2010 to 2019 is expected to be on average more than 9% per annum, it is our target to decrease the energy derived from fossil fuels and increase the power generation rate using renewable energy up to 15% by 2025.


      On the other hand, since the electrification rate is still at about 60%, sufficient electric power is not yet being supplied in many areas, and 1/3rd of the population of 230 million is not yet using electric power.


      Indonesia consists of as many as 17,000 islands, although there is a tendency toward electrification the rate is low in the regions and in many isolated islands where electricity is not used. The building of large-scale transmission networks and the construction of large power plants has not yet commenced, but a small-sized independent power system is under way.

    


    (2) Micro-grid system development in Indonesia


    
      Under such circumstances, we participated in 2010 in the “Research project commissioned by the infrastructure system export promotion” of the Ministry of Economy, Trade and Industry, in cooperation with the electrical and electronic equipment manufacturers having a strong interest in the energy fields. Since then, we have been investigating the potentiality of business growth in Indonesia in the context of the proposed global expansion of small-scale micro-grid power generation systems by targeting remote island communities.


      The micro-grid system uses photovoltaic (PV) power generation and our energy storage battery and micro-grid (distributed power sources) technologies for facilitating installation of packages of scalable system blocks. The operation of diesel generators can thereby be suppressed in the islands in order to reduce fossil fuel usage and to promote the use of renewable energy sources.


      NEC is a company experienced in marketing large-scale laminated manganese lithium-ion batteries. Moreover, our lithium-ion battery technology has achieved the highly-efficient charge/discharge performance, safety standard and long service life that are required for automotive applications. Such a track record for our products has received high acclaim. Optimal lithium-ion battery applications will be investigated in the scheduled field trials of the project.


      Our efforts include the conflicting themes of the rate of electrification improvements of newly emerging countries versus the prevention of global warming via the development of storage battery systems, which are essential for the introduction of large-scale renewable energy supplies.


      Supporting the increase in the electrification share of the newly emerging countries while preventing global warming, is a conflicting theme. However, NEC will tackle this theme by developing the storage battery systems that are essential for the introduction of large-scale renewable energy supplies.

    

  


  
    4. Conclusion


    While the demands for energy storage systems will multiply as described so far, market needs are however likely to continue to be diversified at present and also in the future.


    Meanwhile, we have already started to develop systems to meet the needs of the power supply and demand situations of various countries through the various field trails being conducted inside and outside Japan. We will continue our efforts to increase our market share by actively entering the emerging markets.

  


  
    *NAS Batteries are trademarks or registered trademarks of Tokyo Electric Power Company (TEPCO).
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    Abstract


    We at NEC Energy Devices, Ltd. develop and manufacture large-capacity lithium-ion batteries (LIBs) for use in electric vehicles (EVs) and large energy-storage devices. The LIBs of the NEC brand feature a manganese positive electrode with a laminated structure in order to achieve high safety and long life. We have established a mass-production method, achieving an annual electrode production capability of over two million kWh. At NEC Energy Devices, Ltd., we utilize our unique technology and mass-production capability to provide low-priced electrodes and batteries not only for EVs but also for drive power supplies and power supplies for energy storage as well.
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    1. Introduction


    Because the lithium-ion battery (LIB) has a high energy density, does not use environmentally restricted substances such as cadmium, lead, and mercury, and has a low energy loss during charge/discharge, it is considered environmentally friendly. It has been used in a wide range of applications; from compact mobile equipment such as mobile phones and digital cameras, to the power supply for driving motor-assisted bicycles and energy storage for uninterrupted power supplies (UPS). In recent years, the demands for increased scale and capacity of LIBs have been growing. This is due to the increase in interest regarding environmental issues such as global warming and to the needs for suitable countermeasures to deal with issues arising from large-scale disasters.


    In December 2010, the Nissan Motor Company, Ltd. released “Leaf”, a zero-emission electric vehicle (EV) that does not emit any CO2 while driving. More than 20,000 Leaf vehicles are already on the roads worldwide. The electrodes at the heart of the battery mounted on the Leaf are the fruits of the technology of NEC Energy Devices. This paper introduces the features of the electrode and battery technologies designed to support the EV batteries and their applications for drive power supply and energy storage purposes.

  


  
    2. Features Required for Battery Technology Supporting EV Batteries


    Large batteries with large capacities such as EV batteries are required to implement high safety and long life at a low cost. A high safety factor is essential because an increase in the battery size leads to an increase in the stored energy and in the amount of electrolyte, which is flammable. As it is estimated that the users of EVs and large energy systems will use them for a long time after purchase, these products are required to offer long life and long-term reliability. In addition, although a larger battery requires a larger amount of materials, the products need to be affordable. Therefore, reduction in material cost and production cost is necessary.


    To meet these requirements, we provide our batteries with two significant features: “manganese positive electrodes” and “laminated structure.”


    2.1 Manganese Positive Electrodes


    We utilize lithium manganese oxide with a spinel structure as the active material of the positive electrode. The spinel does not change its crystalline structure according to the charge/discharge process, so it remains stable as a material even in an overcharged state (Fig. 1). In addition, the abundance of this material as a resource reduces issues related to procurement and enables cost reduction. However, the manganese positive electrodes of the past posed a problem because its life cycle performance was inadequate.


    
      [image: e120111_01.jpg]

      
        Fig. 1 Structures and features of the positive electrode materials.
      

    


    We ascertained that this resulted from the elution of the manganese due to the acid in the electrolytic solution. By mixing in lithium-nickel oxide as a proton scavenger, we succeeded in reducing the elution and improved the cell life significantly.


    2.2 Laminated Architecture


    Our LIB adopts an architecture in which power-generation elements consisting of multiple layers of electrodes are wrapped in aluminum laminate (Fig. 2). This replaces the traditional LIB architecture for mobile equipment batteries in which power-generation elements with a winded structure are mounted in an iron or aluminum can. The laminated structure can keep the resistance uniformly low and is also capable of a large-current discharge. Lowering the resistance leads to lowering heat generation, which then enables a battery that is thin, features first-rate heat radiation and is safe. Furthermore, laminating the electrodes enables a lighter battery with more flexibility in the shape of the design.
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        Fig. 2 Laminated architecture.
      

    


    2.3 Establishment of the Mass-production Technology


    We have succeeded in the mass-production of these electrodes and batteries based on the technology introduced above. The production line at the Sagamihara Research Laboratories has an annual electrode production capability of over two million kWh when converted into battery capacity. Meticulous care taken in the methodology, equipment, condition and environment that range from material procurement to fabrication enables a production with consistent quality.

  


  
    3. Development of LIBs for Applications Other Than for the EVs


    We are also developing innovative LIBs for applications other than EVs by making use of the high safety, long life and low cost of the EV-oriented LIBs.


    One of the new LIBs targets energy storage applications. For the present, we are developing an energy storage LIB with a capacity of up to 32 Ah per cell (Photo 1). One of the key properties of the energy storage application is the long life, which can be implemented by applying the long life technology developed for the EV-oriented LIBs. The details of this device will be discussed in section 4 below.
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        Photo 1 External view of the 32 Ah cell for the energy storage application.
      

    


    Another new LIB is designed for the E-Bikes (Electric Bicycles). We are developing an LIB with a capacity of up to 15 Ah per cell (Photo 2). The demand for E-Bikes is high in China, Taiwan, and other Southeast Asian countries but most E-Bikes are based on lead-acid batteries because of their low prices and ready availability. However, due to the environmental effects of lead and the heaviness of lead-acid batteries, LIB is recently being adopted for its lightness and its low impact on the environment. Still, the demands in this market impose a difficult requirement, an impressively long life compared to lead batteries at a low price. Few battery manufacturers can meet these contradictory requirements. We respond to this challenge by offering the high safety, long life and low cost technology that we have developed with LIBs for EVs. We have led the market for power-assisted bicycles since the start of production in 2002. By using the know-how of the controls of motors and batteries acquired in this market, we plan to develop the E-Bike market.
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        Photo 2 External view of the 15 Ah cell for the E-Bike application.
      

    

  


  
    4. Energy Storage Application


    4.1 Needs of the Storage Battery


    LIBs that have been commonly used for mobile phones and notebook PCs are now expanding its applications as large-capacity batteries for EVs. Moreover, since the Tohoku Earthquake of March 2011, the demands for energy storage systems based on large LIBs have been rising for uses as emergency power supplies and electricity storages for alleviating insufficiencies in the peak daytime electricity supply.


    In the future, it is expected that renewable energy sourced by solar or wind generated power will be introduced in high volume. Since the generation of these energies cannot be controlled artificially, there is concern that the supply-demand balance in the power grid network could be lost. In order to utilize these systems with uncontrollable power generation, the use of large storage batteries of MWh class is being investigated.


    4.2 Storage Performance Requirements


    Table shows the performance requirements for the household energy storage systems that are being put to practical use and for the LIBs for EVs that have already been introduced. The household energy storage systems need to have a longer life of more than ten years compared to the energy storage system for EVs. Other than that, performance requirements are higher for the EVs. This means that many of the technologies for EV batteries can be applied to the household energy storage systems.


    
    
      Table Battery performance requirements for household energy storage system and EV.
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    4.3 Development of Battery Packs for Home Energy Storage Systems


    NEC commercialized a household energy storage system in July 2011. As shown in Fig. 3, this system is composed of a power conditioner system (PCS) that converts power from AC to DC to control the input/output power, a system controller that controls the system, and a battery pack. Of these components, NEC Energy Devices developed the battery pack.


    The battery pack consists of a battery module combining multiple battery cells, and a battery management unit (BMU). The BMU includes a protection circuitry for monitoring for overcharge, over-discharge, over-current and temperature at all times as well as a circuitry for sending the remaining battery data and fault information to an external control system. This unit allows a battery pack to be incorporated in the system safely and easily.


    
      [image: e120111_06.jpg]

      
        Fig.3 Configuration of home energy storage system.
      

    

  


  
    5. Conclusion


    We will continue to offer electrodes and batteries for drive power supplies and power supplies for energy storage as well as for EVs at low cost, taking advantage of our unique technology and mass-production capability. With regard to the power supplies for energy storage, we will further develop battery packs putting not only household use but also deployment of large energy-storage systems for commercial facilities, industrial facilities and power companies in perspective.
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    Abstract


    NEC Green Innovation Research Laboratories have developed a lifetime extension technology for laminated lithium-ion batteries (LIBs) using manganese positive electrodes featuring safety and high abundance as a resource. This technology uses a NEC-original electrolyte additive and maintains a capacity of 85% even after about 20,000 cycles (1,435 days). Based on the test results, including the above data, a lifetime prediction simulation was performed with an LIB drive pattern assuming the battery-charge from a commercial power supply at nighttime. It was concluded that in the Tokyo area the period until the capacity is halved from the initial capacity is 32 years. This paper introduces the activities summarized above.
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    1. Introduction


    The LIB market is expected to grow significantly in the immediate future for use as power supplies for driving EVs and power-assisted bicycles as well as stationary power supplies for system linkage and electricity leveling. This trend is accompanied by an enhanced severity of lifetime requirements for LIBs, with a lifetime of 20 years or more required for system linkage applications (Fig. 1). The NEC Group commercialized a manganese LIB that uses lithium manganate - which features a low possibility of thermal runaway thanks to a stable crystalline structure and a low price - as a positive electrode material for the first time in the world. To respond to market expectations, we are currently trying to extend LIB lifetime and also to develop a lifetime prediction technology that can quickly estimate LIB lifetime.
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        Fig.1 LIB lifetime requirements for various applications.
      

    

  


  
    2. Key Technologies


    It was said in the 1990s that the lifetime of a LIB using lithium manganate - featuring abundant availability as a resource, safety and low cost -as its positive electrode is less than a year. This is because the acid produced in the electrolytic solution dissolved the manganese. The NEC Group developed technologies to alleviate the damage of the acid produced in the electrolytic solution on the positive electrode and succeeded in putting them to practical use. However, these technologies are not sufficient to extend the lifetime to 20 years or more. We therefore focused on the interface between the negative electrode and the electrolytic solution and developed an original electrolyte additive to reduce the electrolyte decomposition reaction on the negative electrode surface.


    As shown in Fig. 2, the developed additive agent makes it possible to form a stronger protective film on the negative electrode surface and, consequently, to reduce LIB degradation due to the deposition of electrolyte decomposition by-products and the generation of significant decomposition gas. Table 1 shows the specifications and external view of a test LIB fabricated by applying the above technologies and Fig. 3 and Fig. 4 show the results of the cycle test and storage/standby test respectively.
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        Fig. 2 Role of electrolyte additive.
      

    


    
    
      Table 1 External view (top) and specifications (bottom) of the developed LIB.
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        Fig. 3 Results of cycle test.
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        Fig. 4 Results of storage/standby test.
      

    


    The cycle test in a 25 degrees C environment has currently advanced to 23,500 cycles and the tested battery still maintains 83.3% of its initial discharge capacity. The storage standby test in a 25 degrees C environment has advanced to 4.9 years and the tested battery maintains 90.2% of its initial capacity. As these graphs adopt straight-line approximations based on what is called the square root rule (= linear relationship with square root of days), their X-axes are plotted with the square roots of the evaluated days.

  


  
    3. Lifetime Prediction


    When the lifetime requirement for an LIB is 20 years or more, lifetime prediction technology based on acceleration testing becomes necessary. This section introduces a lifetime prediction technology proposed by the NEC Group and the results of an actual lifetime prediction test performed based on it.


    3.1 Temperature Acceleration Rule


    The best-known equation used in temperature acceleration testing is the Arrhenius equation. As our LIB uses organic electrolytic solution, its operation is guaranteed in the range of room temperature ± a few tens of degrees C. In this case, an approximation such as the “double rate per 10 degrees C increase” rule is possible (provided that the activation energyEais sufficiently larger than the product of the Boltzmann coefficient k and absolute temperatureT). The “double rate per 10 degrees C increase” rule originally meant that the rate of degradation doubles for every 10 degrees C increase in test temperature in a test conducted for a constant period. With lifetime prediction, the calculations are usually based on the logic that “if the test temperature is increased by 10 degrees C, equivalent degradation occurs in half the original period.” In the present testing, we used the following equation, based on the concept that “if the test temperature is increased by α degrees C, equivalent degradation occurs in half the original period”:


    [image: e120112_06.jpg]


    3.2 Test Environment Temperature


    Fig. 5 shows the 10-year average temperatures of the months of the year for the three Japanese cities of Naha, Tokyo and Sapporo. Assuming these temperatures as the environmental temperature, we used a temperature increased by +10 degrees C as the environmental temperature for the cycle test and a temperature increased by +5 degrees C as the environmental temperature for the storage standby test.
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        Fig. 5 Monthly average temperatures in three cities in Japan.
      

    


    3.3 Battery Drive Pattern


    LIB degradation accelerates after repeated charge/discharge and long hours of high-voltage operation. For the present testing, we selected a battery drive pattern using nighttime power, as shown in Fig. 6, based on the power consumption in a week in October of a 3-member family living in Kasukabe, Saitama Prefecture. With the lifestyle image of this family, power consumption is concentrated in the time ranges of 6:00 to 12:00 and 18:00 to 23:00. This battery drive pattern is used to calculate the daily shares of cycle operation and storage standby operation. According to Fig. 6, the cycle time is 19 hours and the storage standby time is 5 hours. When the square root is calculated, the share of cycle operation is 66.1% and that of storage standby operation is 33.9%.
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        Fig. 6 Drive pattern of a home LIB using nighttime power.
      

    


    3.4 Results of Lifetime Prediction


    The shares of cycle and storage standby operations determined from Fig. 6 can be used to obtain the cycle storage integral at 25 degrees C and that at 45 degrees C, and the degradation slopes shown in Fig. 3 and Fig. 4 can be used to calculate the temperature acceleration factor. From these results, it was determined that our developed LIB follows a “double rate per 6.85 degrees C increase” rule, making the lifetime prediction result as shown in Fig. 7. It was also calculated that the period until the capacity is halved from initial capacity is 32 years in the Tokyo area. This is about double the lifetime of the previous LIB using an electrolyte additive (developed by NEC Labs). Table 2 shows the results of lifetime predictions calculated with the test environment temperatures of the three Japanese cities. These results suggest that there is a greater potential for lifetime extension in low-temperature regions such as Sapporo.
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        Fig. 7 Results of lifetime prediction considering the average temperature of the Tokyo area.
      

    


    
    
      Table 2 Results of lifetime prediction at three cities in Japan.
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    4. Conclusion


    At NEC Group, we have recently succeeded in developing a LIB lifetime extension technology using our original electrolyte additive. As a result of LIB lifetime prediction simulations using the developed technology, it has been calculated that the period until battery capacity is halved from the initial capacity is 32 years in the Tokyo area, assuming an LIB drive pattern using nighttime power. We believe that this figure is sufficient to meet the long lifetime requirements for energy storage systems for use in the system linkage applications that are expected to increase in the future. We are determined to continue endeavors for the development of LIBs with high performance, high safety and low price in the future.
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    Abstract


    The key to realize a low-carbon society is the efficient use of a variety of energy systems.


    We would like to introduce the functional specifications and technical details of a multi-source power conditioner that combines optimally storage batteries and solar power generation etc.
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    1. Introduction


    In consideration of environmental pressures over the recent years, the introduction of renewable energy such as wind power and solar power generation has been significantly expanded and the U.S. has set a target of renewable energy of 25% of its total energy supply by 2025.


    In Japan, electric power shortages are of great concern. Due to power outages at generation facilities affected by the Great East Japan Earthquake there is a need to accelerate the introduction of alternatively sourced renewable energy. The development of a smart grid is becoming more and more important in preventing further deterioration in the quality of electric power by the distributed power generation (Fig. 1).
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        Fig. 1 Smart grid (simulated display).
      

    


    The smart grid controls the system efficiently, i.e., the unidirectional electric power network (or grid) from the power plant is converted into a bidirectional one by which electric power is supplied from the renewable energy sources of solar power and wind power for use in a home or business environment. Such a large system concept is regarded holistically as one equipment for converting various renewable energies efficiently into electric power and our own contributory efforts as introduced below are aimed at a basic energy system that is routed via “anytime, anywhere, and for anyone.”

  


  
    2. Overview of the Multi-Source Power Conditioner System


    The following describes the basic configuration of the multi-source power conditioner system. It incorporates a grid-interconnection bidirectional inverter, a bidirectional converter unit for energy storage, a solar battery interface unit, an EV interface unit, etc. and also a PMS (Power Management System) to control these units that are connected via a DC bus. The grid-interconnection bidirectional inverter is connected to the grid, the bidirectional converter unit for energy storage is connected to the storage device typically known as a lithium-ion battery, the solar battery interface unit is connected to the solar batteries and the EV interface unit is connected to the electric vehicles (Fig. 2).
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        Fig. 2 Configuration of the multi-source power conditioner system.
      

    


    Since the present system incorporates the storage device and PMS that are not incorporated in the conventional power conditioners, electricity demand may now be fully-comprehended in real time and energy can be supplied flexibly and optimally, including at times of peak shifts and cuts as required.


    In addition, since a smart function is added to the PMS, programming functions and various solutions based on usage predictions and climate change are enabled.


    Furthermore, in the conventional system, the DC power supplied by the power generator was converted into AC power and was used after re-converting it into DC power. Since the present system can be used via DC conversion only from the DC bus, it can reduce the number of stages of conversion to achieve a low-loss system.

  


  
    3. Technology Components


    This section describes the technology components consisting of the multi-source power conditioner.


    3.1 Grid-interconnection Bidirectional Inverter


    The electric power is supplied to the DC bus via the grid-interconnection bidirectional inverter of the power grid as and when required. The supply depends on the load status and power generation status connected to each interface unit (Fig. 3).
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        Fig. 3 Basic operation of bidirectional inverter (Grid to DC bus).
      

    


    On the other hand, when the surplus happens in the generated electric power, it is supplied to the grid from the DC bus (Fig. 4). The mode status may be seamlessly switched via the original software control.
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        Fig. 4 Basic operation of bidirectional inverter (DC bus to Grid).
      

    


    In addition, the system is equipped with a safety device based on the Grid-interconnection regulations if required to connect with a commercial power supply system, including an islanding prevention function. Accordingly, when anything abnormal occurs in the grid, the safety device is operated automatically.


    Furthermore, a clean power supply is achieved that features a high power factor and low distortion.


    3.2 Bidirectional Converter for Energy Storage


    The bidirectional converter for energy storage consists of bidirectional isolated DC/DC converters. It charges and discharges the storage device via the DC bus by sending the specified protocols according to information transmitted from the BMU (Battery Management Unit) (Fig. 5).
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        Fig. 5 Basic operations of the bidirectional converter for enabling energy storage.
      

    


    While the conventional bidirectional converter for energy storage used to be of the non-isolated type, the present bidirectional converter is isolated and smooth current switching between the charge and discharge mode is enabled.


    Moreover, the technology accumulated via the charge and discharge evaluation system products in the various secondary batteries is applied so that the various storage devices can be charged and discharged as required.


    3.3 Solar Battery Interface Unit


    The solar battery interface unit has the ability to boost the voltage of the DC power generated by the solar batteries up to that of the DC bus (Fig. 6). In this case, MPPT (Maximum Power Point Tracking) constantly controls and maximizes the power generation that varies according to the illumination or temperature conditions.
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        Fig. 6 Basic operation of the solar battery interface unit.
      

    


    By using original software, the MPPT is able to efficiently show how much power has been extracted from the electric power stored in the solar batteries up to 99% or more.


    3.4 Future Development


    When various interface units are connected to the DC bus, a variety of connections can be developed for future usages.


    For example, when the interface units for DC power supply are combined, electric power can be supplied to various DC loads via the DC bus, including to data servers and portable base stations.


    Also, when an electric vehicle (EV) is connected, V2H (Vehicle to Home) and V2G (Vehicle to Grid), by the use of the storage battery mounted in the electric car, is enabled.


    Furthermore, business-use BEMS (Building Energy Management System) and home-use HEMS (Home Energy Management System) controlling the optimal electric power supply according to the conditions of energy usages may be considered for further expansion (Fig. 7).
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        Fig. 7 Future development of HEMS (simulated display).
      

    

  


  
    4. Conclusion


    While we express concern over the implications of electric power outages as the various energy applications are being accelerated, it is believed that the multi-source power conditioner system will play an important role in future solutions.


    From now on, it will be essential to manage suitable electric power sources by converting renewable energy power supplies efficiently according to life style needs and in line with well considered predictions.


    As a power supply manufacturer, we hope to contribute to society by applying technologies that have been accumulated up to the present, such as solar and wind power generation systems, power storage units for storing the electric power thus generated and power management systems for electric vehicles (EVs) and to effectively satisfy the contingencies of electricity demand.
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    Abstract


    Interest in HEMS (Home Energy Management System) is growing as a technological solution to achieving energy supply stabilization and greenhouse gas reduction. NEC has been involved in the experimentation and verification of HEMS, such as measuring the impact of “visualization.” Based on these results, NEC developed the HEMS Solution and began marketing it from July 2011. This paper introduces our efforts until now, the characteristics of the solution, and its future possibilities.
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    1. Introduction


    As a countermeasure to environmental issues and the stressed energy supply following last year’s earthquake, the need for energy saving and reduced power consumption by utility customers has become critical.


    This being the current situation, attention is being focused on renewable energy and the spread of solar power generation systems is expected to accelerate in common households. However, even if renewable energy is increasingly adopted, it will be necessary for utility customers to be able to attain a stable energy supply by actively managing and flexibly controlling energy. One technological solution to these challenges is HEMS (Home Energy Management System). HEMS, which uses ICT (Information and Communication Technology) to enable unified management and control of energy used in the home, is expected to become an important elemental technology in formulating the energy companies of the future.


    This paper will talk first about what NEC has achieved thus far in HEMS as well as the current challenges being faced by HEMS, followed by the characteristics of the system NEC developed and its future progression.

  


  
    2. Achievements Up To Now


    Here we will introduce the “visualization” effectiveness studies and analysis results that NEC Group has been involved in, as well as the current situation and challenges that face HEMS.


    2.1 Results of Trial Service


    We ran a trial service from April to June 2009 at around 100 of NEC Group employee homes involving the “visualization” of energy usage and CO2 reduction, and measured its effectiveness.


    The results of this trial service showed an approximately 10% reduction in power consumption, and approximately 15% reduction in CO2. The questionnaire completed by participants showed that approximately 80% of them thought that the visualization service was effective in boosting awareness of energy conservation, and approximately 90% got a sense of saving energy (Fig. 1). Moreover, when asked about the motivation for continuing to use the service, the largest number responded “to regularly check daily energy usage through visualization.”
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        Fig. 1 Questionnaire results from “visualization” trial participants.
      

    


    From these results, it is apparent that “visualization” ofenergy consumption and CO2 reduction can play an important role in promoting the awareness and activity of energy conservation among users.


    2.2 Situations and Issues Surrounding HEMS


    A number of companies have marketed HEMS products, but up to now they have not spread substantially. One factor that may be impeding their spread is that the cost benefit is not apparent. The effectiveness, cost, and spread or HEMS are all closely related, and it is therefore necessary to show users that there is a monthly energy cost benefit that offsets the initial cost of purchase.


    Another factor contributing to sluggish growth is that, depending on the system, the products that can be managed by HEMS may be limited to a certain brand. In most households, it is common to see home electronics and appliances by various manufacturers being used. At present, many issues need to be resolved prior to managing products of multiple brands by HEMS, including not just the standardization of the communication interface, but also security and maintenance issues spanning different manufacturers. In order to resolve these matters and address issues of standardization, the “HEMS Alliance” has been set up with the cooperation of a number of companies, including NEC.

  


  
    3. Future Progression of HEMS Solution


    NEC has developed an HEMS Solution, aimed at further promoting the spread of HEMS, and based on the study results and challenges described earlier. Due to the widespread prevalence of PCs and other internet-connected display devices in households, we designed a system that does not require a dedicated monitor, which led to lower cost.


    Moreover, by measuring the electricity data from the distribution board circuit, it achieves “visualization” regardless of the manufacturer of the electrical appliance or the distribution board used in the home. And since it can be installed in both new and existing buildings, it is easily and flexibly adaptable into a wide range of residential environments. In the following section we will discuss the system framework of our HEMS Solution and its characteristics.


    3.1 System Framework


    In this system a power measurement device is placed near the power distribution unit of the home, and a Current Transformer (CT) measures the amount of electrical current. The measured current amount is sent as electricity data to the information collection device, stored there temporarily, then sent to the cloud server. Using an Internet-connected home PC or other device, the HEMS user can browse data screens to check power consumption, power generation, and energy cost, that have been compiled, analyzed and “visualized” by the server (Fig. 2).


    
      [image: e120114_02.jpg]

      
        Fig. 2 HEMS system framework.
      

    


    The in-home system is comprised of a power measurement device and information collection device, and since a versatile terminal such as a PC is used, there is no need for a dedicated monitor. In this way, initial cost can be minimized.


    3.2 System Characteristics


    (1) Easy-to-understand information display


    
      The electricity information sent to the cloud-based data center is tallied up as the power consumption for the current day, or by date, month, year, or branch circuit, and is displayed in graph form. As a result, it will be possible to understand the trends of power consumption over time (Fig. 3).


      
        [image: e120114_03.jpg]

        
          Fig. 3 Example of information display top screen.
        

      


      Moreover, the estimated power utility charge based on power consumption will be displayed. This is calculated by enabling the cloud to manage the basic information regarding power rates by different power utility companies, per type of account, and figuring in seasonal and time rate variables. The user does not need to make any complicated settings; all that is required is to select the power utility company and type of account, and the utility charge can be checked. By enabling the user to understand his power consumption more intuitively, this system can contribute to promoting increased energy-saving awareness.

    


    (2) Highly versatile installation environment


    
      Since this system uses a CT (Current Transformer) sensor to measure electrical current, it can be installed in new and existing homes, regardless of the manufacturer of the power distribution board in the home. And since electrical data is measured at the power distribution board, the system can be used regardless of the specific type or manufacturer of home appliances and equipment existing in the home.


      The power measurement device communicates to the information collection device by transferring data wirelessly via specified low power radio signal. The system thus suffers very little interference from microwave ovens and wireless LAN equipment, enabling it to be installed with a high degree of location freedom.

    


    (3) Measurement and display for distribution board’s main and branch circuits


    
      By acquiring electrical data at the power distribution board, it is possible to measure the power consumption for electricity from the power grid, for solar power generated electricity, and for each branch circuit (up to 8) as well.


      As a result, it is possible to calculate and display the amount of electricity generated by the solar power system, electricity bought from the power utility company, as well as sold back to the power utility company. Furthermore, it is possible to display the power consumption per each branch circuit division, such as each room or each appliance (Fig. 4).
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        Fig. 4 Example of power consumption breakdown display screen.
      

    


    (4) Cloud type system framework


    
      By adopting a cloud-based system architecture, all electricity data sent from each household is gathered and accumulated in the cloud. This architecture allows service providers to utilize and analyze the accumulated data. Based on accumulated information such as gathered data and user attributes, it will be possible to offer additional services like energy consumption trend analysis and energy-saving consultancy. This may in turn provide users with the opportunity to implement energy-saving activities and heighten their awareness of energy matters.


      Furthermore, when it comes to revising or expanding an application or content, most of it can be handled from the cloud side. So it will be relatively easy to offer new services to users.

    

  


  
    4. Future Efforts


    We believe that smart house design will become increasingly popular and energy use will become more sophisticated, progressing simultaneously as new energy components spread rapidly and are used effectively, such as power producing devices including solar power generating systems and fuel cells, as well as energy storage systems and electric vehicles (Fig. 5).
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        Fig. 5 Smart house image.
      

    


    In order to effectively use such energy components, they must first be integrated and managed. In terms of allowing products by multiple manufacturers to be inter-operated, various problem-solving steps are being taken including the aforementioned HEMS Alliance as well as standardization discussions in both the public and private sector. NEC is actively participating in these activities to help meet various challenges.


    Furthermore, as the increased burden on the electrical power supply continues, procedures for equalizing the use of electricity become necessary. In such cases, we may see an increased implementation of so-called “demand response” measures, such as power companies asking users to curtail electricity usage during peak hours, or applying a variable rate system.


    We will continue to expand the functionality of our HEMS solution in the future, keeping these conditions in mind.

  


  
    5. Conclusion


    In this paper we introduced our efforts regarding HEMS until now, the characteristics of the developed HEMS Solution, as well as what we intend to do in the future.


    NEC intends to contribute to solving environmental issues through promotion of efficient energy usage as a result of our providing and spreading the HEMS Solution utilizing ICT and cloud computing technologies.
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    Abstract


    Under the increasing severity in the availability of power supplies and the associated legal restrictions, the visualization of energy is evolving from simple viewing to visualization for the improvement of business. This paper introduces methods of visualization and analysis for the latter purpose together with actual case studies.
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    1. Introduction


    The amendment of the Energy Saving Act and the enforcement of the Tokyo Metropolitan Environment Securing Code in April 2010 caused enterprises’ energy-saving personnel to struggle hard to deal with the new restrictions. After they finally completed and submitted the reports compliant to the new law and code, they had to experience new trials, such as the power failure due to the Tohoku Earthquake and the subsequent power shortages in 2011. Heavy consumers (with contracted power of 500 kW or more) were obliged to reduce power by 15% (Electricity Business Act, Article 27), making it a supreme imperative to cut 15% of the peak power consumption of the previous year. As a result of endeavors by every enterprise and every individual, the demand level under high-temperature hours in the summer of 2011 within the service area of the Tokyo Electric Power Company was about 9 to 10 million kilowatts lower than the level of the previous year.


    This energy saving would not have been possible without the efforts of working people, who worked in factories even on weekends, changed the set temperature of air conditioners and reduced the number of lights being used. Similar efforts were also requested under the title of energy-saving “cooperation,” rather than obligation, from lighter consumers (contracted power below 500 W), households and individuals.


    The NEC Group also founded an energy saving project. Setting 15% reduction of maximum power consumption from the previous year as our goal, we enforced specific energy-saving measures in three steps: (1) regular saving, (2) summer enhanced saving and (3) emergency shutdown. As a result, a 21% power cut was achieved with regular saving (1) alone, and the power reduction rate finally reached 27% in the service area of the Tokyo Electric Power Company and 29% in that of the Tohoku Electric Power Company.


    However, considering the issues with restarting Japan’s nuclear power plants, electricity demand is expected to still be severe in the summer of 2012. This makes visualization desirable as a tool for identifying the real causes of problems in order to improve business by getting rid of “patience-based” energy saving. This paper introduces a process for developing visualization from simple viewing to visualization for the improvement of business by following the steps below.


    STEP1: Feedback of results


    STEP2: Discovery of waste in equipment usage


    STEP3: Discovery of waste in business processes


    STEP4: Independent actions of field staff for business improvement

  


  
    2. From “Patience-based” Energy Saving to Business Improvement


    2.1 Visualization Efforts


    In the summer of 2011, many enterprises tried to improve the consciousness of their employees toward energy saving by means of visualization. The NEC Group also posted a power consumption indicator (Fig. 1) on the portal website visited by every employee every day. The indicator showed the percentage between the current power usage and the permissible peak power of each office in easy-to-read signal-like coloring to improve employees’ consciousness toward energy saving.
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        Fig. 1 Power consumption indicator.
      

    


    2.2 Step 1: Feedback of results


    “Viewing the results of one’s efforts in a visible form”: this is a requirement for energy-saving practices to be continued without becoming temporary. To our regret, however, we must admit that it is very difficult to discover the causal relationship between actual actions and results and waste if it is the total volume that is being fed back. The feedback of total volume that can relatively easily show the effects of one’s efforts is the monthly account statement delivered from the power company. As its current form includes the consumption of the same month in the previous year, it can be useful as feedback on one’s efforts. Nevertheless, since the information is given on a monthly basis, it is not possible to identify which action taken on which date was really effective. In Step 2, we will introduce visualization for the discovery of waste in equipment usage.


    2.3 Step 2: Discovery of waste in equipment usage


    If the information visualized is the total or monthly accumulated value, it is hard to use it to achieve further energy saving. It is necessary to measure more detailed consumption data over time. An example of a mechanism for measuring and visualizing household power consumption is HEMS (Home Energy Management System). This system installs wattmeters on a household’s distributor panel and measures the power consumption of each circuit breaker. HEMS enables timely feedback of energy-saving results. It makes it possible to obtain effect-measuring information, for example identifying the energy-saving effect obtained by changing the air conditioner temperature setting, and to discover waste in a timely manner, for example finding a home appliance consuming power in a room occupied by nobody. The reduction effect is not only represented in terms of wattage and percentage, but also as the saved electrical charge converted into the monetary unit of yen, which is expected to serve to enhance the will of consumers to save energy.


    The discovery of waste is possible in offices and shops as well as in households by installing a sensor on each circuit breaker of the distributor panel of an office or shop and measuring the power data every minute. As the number of measuring points may be very large in offices and shops, it is necessary to classify the sensors according to equipment categories in advance so that trends can be seen at a glance and analysis can be performed easily.


    Fig. 2 shows the daily power consumption data measured in an office of the NEC Group.
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        Fig. 2 Power usage situation in an office.
      

    


    ICT equipment occupies 45 to 50% of the total power consumption on weekdays. The key is to check the share of each equipment category and mark out the areas in which reductions may be particularly effective or possible. Fig. 2 also shows that power at about 40% of the weekday level is consumed even on holidays when there is no one in the office. This suggests that there is a possibility to reduce power consumption for energy saving in this area. Similarly, we analyzed the data for each day by dividing it into time periods and were able to observe that weekday power consumption can be reduced by nearly 10% by eliminating waste in the unattended time periods of the early morning and late night.


    Now let us consider a case that would be applicable to both shops and offices. There are many facilities employing individual air conditioners and forgetting to turn off air conditioning is one of the easiest-to-discover examples of waste. Apart from forgetting, there may also be cases in which wasteful power is consumed for air conditioning without workers’ knowledge, as shown in Fig. 3. In districts where weather is fickle, sudden changes in temperature often occur, for example a warm day coming after several cold days or, in the summer, the temperature dropping suddenly after several hot days. Fig. 3 shows images of power usage situations for air conditioning in the summer. Since air conditioning is intrinsically correlated with temperature, cooling is unnecessary if the temperature is below a certain level. The ideal in this case is that the only power consumed is standby power, as seen in the upper graph in Fig. 3. However, after consecutive hot days, people tend to fall into the habit of switching the air conditioner on every morning, and it may be left on until someone realizes that the day’s temperature is not so high. This situation is shown in the lower graph in Fig. 3. Unnecessary air conditioning is running in the morning, until someone noticing that it is not necessary switches it off. This kind of waste can be eliminated if it is understood in advance that air conditioning will be unnecessary on that day from the temperature forecast on the previous day.


    
      [image: e120115_03.jpg]

      
        Fig. 3 Air conditioning power usage situations.
      

    


    There is also a margin for energy saving with refrigerators and freezers in the case of a food retailer. The percentage of power consumption by refrigerators and freezers out of the total consumption by food retailers is generally very high. Bulk purchase of energy-saving units might deserve study in the case of a new or renovated shop, but this usually necessitates a large investment. In the meantime, reduction of power consumption is possible by switching off the lights inside the units 30 minutes earlier than before (or switching them off as early as possible after closing). Needless to say, this can save the power consumed by lighting, but it also has the by-product of reducing the power used by the refrigerators and freezers. A small change in power consumption at such a level can be identified by applying visualization. When we talk about lighting, we tend to look at the lighting inside the shop, but additional waste is hidden in places like this. The on/off timings of the lights inside the units are in general set with timers, which means that, once the setting is changed, this energy-saving measure can be applied continually.


    In Step 2, we introduced “discovery of areas of waste,” which pinpoints waste from equipment usage situations. In Step 3, we will focus on “discovery of waste in processes,” which consists of reviewing daily business operations and processes from the viewpoint of energy saving.


    2.4 Step 3: Discovery of waste in business processes


    In an office that uses a large amount of ICT equipment, like that of the NEC Group, the percentage of power consumption by ICT equipment out of the total consumption of the office is relatively high. In addition to PC energy-saving settings, which are rather a matter of course, it is also possible to reduce peak power consumption and the level of power usage through reform of daily operations. Fig. 4 is a graph of the power consumption of ICT equipment over a weekday in an office of the NEC Group. The graph shows that the peak hour is between 8:00 and 9:00 in the morning. This is because the work start time of the office is 8:30 and everyone turns on a PC at the same time. This action may be excusable with desktop PCs, but notebook PCs do not always need to be kept on. If their batteries were charged in the off-peak time that comes one or two hours later, it would be possible to level the power consumption without forming a peak.
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        Fig. 4 ICT equipment power usage situation.
      

    


    An office or workshop often has certain business processes that have become its habits. If business processes are reviewed from the viewpoint of energy, there is the potential to find new areas of saving. Finally, Step 4 is the step for making general employees in the field find new points of saving by themselves and take leadership in business improvement activities, including energy-saving activities, instead of simply following the business improvement instructions received from the personnel in charge of energy saving.


    2.5 Step 4: Independent actions of field staff for business improvement


    Contrivances are necessary to make employees who are busily working in the field find areas for improvement and perform energy-saving activities by themselves. These contrivances naturally include visualization for identifying the current situation, but indicators showing whether the current status is good or bad are also necessary. For this purpose, it is important to set a baseline indicating the lowest target and the final goal, including margins/allowances. The variables affecting power consumption change depending on the type, form and content of each business. For instance, in the case of a retail shop, power consumption varies depending on floor area, sales and the temperature of each day. In the case of an office, the variables include floor area, the number of employees and the temperature of each day. Which of the variables are to be used changes depending on the type, form and content of the business, so it is necessary to set the baseline by selecting optimum variables. Fig. 5 shows a baseline for maximum temperature and power consumption. If actual power consumption values are located below the baseline (black line), the office or shop is implementing energy-saving activities successfully. When a final goal line (white line) is added to the graph, energy saving at an even higher level will be possible.
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        Fig. 5 Maximum temperature and power consumption.
      

    


    When visualization leads to discovery of waste and margins for energy saving, employees in the field can take appropriate actions by themselves. For example, let us consider a case of peak cutting. In an enterprise with a high voltage contract (below 500 kW), the contracted power is set equal to the maximum value out of the maximum power demand over the past 12 months, including the current month. This means that, if the maximum power demand in summer is large, the current arrangement forces the enterprise to pay a high basic charge throughout the subsequent year. If a function were provided to give an alarm upon detection of the approach to that specific peak, the enterprise would be able to avoid a sudden encounter with the power peak by enforcing proper countermeasures in advance against margins for energy saving. This would be very effective for decreasing the contracted power (basic charge) in the subsequent months. However, since the maximum power demand is determined based on measurements every 30 minutes, the peak cut is meaningless if it is not performed within a 30-minute period. This means that the previous method, in which field employees execute an action after receiving notification from headquarters, would be difficult to implement.


    Therefore, the independent-minded execution of energy-saving measures by field staff, in which visualization is permanently maintained and field employees execute quick-acting energy-saving measures by themselves by using alert functions in cases of emergency, can greatly contribute to the reduction of contracted power in the long term. Improvement of energy-saving thinking among field employees may be easier in retail shops, where cost consciousness is thoroughly proliferated among the staff and any shop cost reduction leads immediately to the improvement of business profits.

  


  
    3. Conclusion


    To make visualization more than simple viewing, it is important to identify trends by means of analysis from multiple angles, including inter-facility analysis, inter-office analysis and analysis of correlation with variables such as sales amount, not to mention time series analysis. Finding the trends per equipment type or business type not only serves for energy saving but also applies to prior maintenance of equipment as well as to reform of business processes. We firmly believe that the advancement of business process reform by approaching it from the angle of energy saving will be one of the most important objectives of visualization activities in the future.
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    Ever since the Great Tohoku Earthquake, energy saving on the part of businesses has become an urgent task in Japan. And increasingly more attention is being focused on the office, where energy-saving measures have taken longer to adopt. This paper introduces the SaaS type service “EnePal Office” which supports energy-saving at offices that are lagging behind, by not only applying “Visualization” to office energy consumption but also by providing a Navigation System to help save energy.
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    1. Introduction


    NEC Fielding, Ltd. supports the reduction of power consumption and CO2 emissions in businesses, so that we may contribute to further reducing business costs through corporate-wide energy saving.


    When we look at the breakdown of CO2 emissions in Japan for fiscal year 2008, the amount at factories and other manufacturing facilities has been reduced by 13% compared to fiscal 1990. By contrast, the amount at places of business including stores and offices has increased by 43% (Fig. 1).
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        Fig. 1 CO2 emissions in Japan by sector.
      

    


    But more recently, due to a marked drop in the electrical power supply in the Kanto Region of Japan since the Great Tohoku Earthquake last year, as well as the subsequent stopping of all nuclear power plants in the nation, the threat of serious electricity shortages became real and energy conservation at the office became a focal point.


    This paper discusses the mechanics of energy usage “Visualization” (visual representation) in the “EnePal Office”, as well as the system of navigating to effective points of energy saving.

  


  
    2. Characteristics of Office Buildings and Reasons for Increased Energy Usage


    Offices characteristically increase their energy consumption as their gross floor area increases. Typically, as the number of office users increases, so does floor space, as well as the requirements for ventilation and air circulation, and the number of lighting fixtures. One factor in indicating the configuration of an office building is the “rentable floor area ratio,” which is attained by dividing the “floor area rentable as office space” by the “total floor area.” Tenant buildings that are used mainly as offices usually have a rentable floor area ratio of about 70% to 80% or more, but for the purposes of this paper we have graphed the energy consumption ratios for tenant buildings with rentable floor area ratios of 60% and over in Fig. 2.
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        Fig. 2 Energy consumption ratio by category.
      

    


    For energy management, it is essential to have a firm grasp on how much energy is being consumed and where it is being consumed. Purely office space is designated as “Office-specific,” and “Office-shared” refers to common areas such as elevator halls and restrooms. The energy consumption per category shows the percentage of primary energy (fuel, heat and electricity) consumed for air circulation, ventilation, lighting, and wall outlets. The chart on the right of Fig. 2 shows a breakdown of the Office-specific category into air circulation, lighting, and wall outlet ratios.


    One PC per person being the norm for offices these days, office equipment such as PCs are also major contributors to the increase in energy consumption.


    Concrete, day-to-day countermeasures are needed to reduce energy consumption and improve present conditions. Right now it seems that relatively easy countermeasures, such as turning off unnecessary lights, are being taken. However, many issues remain, and detailed, effective countermeasures have yet to be implemented due to a variety of reasons. These reasons may include not being able to understand the energy consumption for each category, not having a person-in-charge for regulating energy usage and promoting energy conservation, and not having a cohesive enforcement policy or clear-cut rationale to encourage support within the organization. So obstacles to proactively adopting countermeasures exist in terms of current status understanding, the positioning of administrators, and for the system to take root in the organization.

  


  
    3. What is “Enepal Office”?


    3.1 Service Outline


    EnePal Office (Fig. 3) is an energy conservation support service for offices that “visualizes” and centrally manages energy consumption of office air circulation systems, lighting, and power outlets. This new service is positioned above EnePal PC, which was launched in 2009 to autonomously support energy saving in PCs. Since EnePal Office is a SaaS (Software as a Service) that is provided via our company’s data center, clients are not required to possess their own servers, therefore minimizing the initial cost involved in implementing the system.
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        Fig. 3 EnePal Office main screen.
      

    


    EnePal Office is comprised of the following 6 phases (Fig. 4).


    
      (1) Measuring Phase:


      Measured data is transmitted via wireless or wired connection. Measured data includes temperature, humidity, electrical current, voltage, power consumption and power factor.


      (2) Collection Phase:


      Measured data is collected, then processed into equalized, differentiated and maximum values, and then stored.


      (3) Delivery Phase:


      Measured location information is added and transmitted to the data center at regular intervals.


      (4) Storage/Analysis Phase:


      Data stored in the multi-tenant database is batch processed at regular intervals, at which time the electricity rate of the applicable utility company, CO2 (dependant on current coefficient), power consumption amount and other information is added and stored.


      (5) Confirmation/Management Phase:


      Current condition and analysis results can be checked via PC connected to the Internet.


      (6) Control Phase (Scheduled for future)


      Control information is transmitted to air circulation system and breakers to control the equipment.
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        Fig. 4 Basic configuration diagram.
      

    


    3.2 Location Management


    Although it is possible to install sensors directly onto a device or appliance, it is much more common to install them onto the circuit breaker of the power distribution unit. In this case, it is of utmost importance to survey beforehand what is downstream from the circuit breaker, such as power outlets, lighting fixtures, air circulation, etc., and exactly which office spaces they affect.


    This office space is designated as the “Location.” For instance, if the measuring point and the office can be clearly linked, this simplifies management since Location = Office (Fig. 5, Example 1). However, actually, the relationship between Location and Office is not that simple. Electricity may be supplied from the power distribution unit to more than one office, and some equipment such as air circulation systems affect the entire building (Fig. 5, Examples 2, 3). With EnePal Office, the office can be managed by each separate location, thereby enabling complicated energy management by each tier separately.


    
      [image: e120116_05.jpg]

      
        Fig. 5 Measurement points and locations.
      

    


    3.3 Energy Consumption Management by Time Period


    Typically the energy consumption in offices differs drastically by time period (Fig. 6).


    (1) Time period when business is stopped


    (2) Time period before business hours when employees arrive


    (3) Time period when business is fully running


    (4) Time period when power consumption is reduced such as during lunch hour


    (5) Time period after normal business hours with employees working overtime
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        Fig. 6 Office energy usage characteristics.
      

    


    EnePal Office compares the actually measured power consumption per location against the predicted figure for each time period, and when there is a disparity between the expected trend and actual measurement it determines that there must be waste and sends a diagnostic message to the administrator’s control screen (Fig. 7).


    
      [image: e120116_07.jpg]

      
        Fig. 7 Diagnostic screen (1).
      

    


    3.4 Comprehensive Diagnosis Based on Multiple Sensors


    The system collects temperature and humidity distribution data from temperature/humidity sensors installed throughout the office. By analyzing the data collected from the temperature/humidity sensors and the energy used by the air circulation system, it can tell whether the air circulation system is working efficiently or not. Since it allows settings such as “Cool Biz” and “Warm Biz” per building, fine temperature control is possible.


    Furthermore, a logic program is embedded in the software to accommodate information collected from Body Sensors and Luminosity Sensors. By incorporating new sensors that are scheduled for release in the future, it will be able to sense when there are places that are brightly lit even though no one is there, and can bring this to the attention of the administrator by displaying a diagnostic message. We intend to enhance this functionality in the future (Fig. 8).
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        Fig. 8 Diagnostic screen (2).
      

    


    Since it is difficult for the Body Sensor to recognize when people are always in a large room, we are in the process of developing this feature by coupling it with software.


    3.5 Comparison with Other Offices


    EnePal Office uses the power consumption trend per time period together with past power consumption values to calculate the average figure for the same month in the previous year, which is considered the baseline electricity. By comparing the actual power consumption now with the baseline electricity, it can recognize if there is wasteful electricity usage or whether energy saving activities are effective. What’s more, comparative analysis of the baseline electricity with other similar offices will enable confirmation of wasteful or non-wasteful energy usage.


    Furthermore, applying a multitude of analysis including shifting energy consumption by time period, by day, by month and by year, will make it possible to achieve more effective energy saving results (Fig. 9).


    
      [image: e120116_09.jpg]

      
        Fig. 9 Inter-office comparison screen example.
      

    

  


  
    4. Conclusion


    EnePal Office makes it easy to save energy not only at the individual office level but also on a corporate-wide level, to enable further cost reductions.


    In order to provide a most user-friendly interface, NEC adopted universal design for the first time in this newly developed screen. Plans are underway to connect a PLC (Programmable Logic Controller) to enable autonomous control of energy saving operations such as lighting and air circulation in the future. Moreover, we intend to expand our target to beyond the office to enable more widespread energy consumption reductions.
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    Abstract


    The Great East Japan Earthquake of March 11, 2011 has changed our attitude regarding energy supply in Japan. In the past, we needed only to follow the guidelines of the annual energy usage amount indicated in the “Revised Act on the Energy Saving.” However, we are now and in the future requested to personally comprehend the per-hour energy usage amount per building and even for each area or section of a building. The summer of 2011 was the so-called “summer of patience,” and enterprises were asked to reduce their investment in facilities, etc. However, for the winter of 2011 towards the summer of 2012 and into the future we have been requested to introduce systems to monitor energy wastage and to control energy usage for optimum saving. NEC offers solutions for the “visualization” and “optimum controls for saving energy” as well as “Smart Buildings” (BEMS) to provide optimum energy supply and demand by developing grid interconnection control systems. These solutions are intended to support energy storage and to enable the creation of stable energy supply.
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    1. Introduction


    With regard to its obligations under the Energy Saving Act and the regulations defined under national and local government legislation, Japan is currently endeavoring to achieve greenhouse gas emission reductions and power usage savings targets.


    In FY 2011, NEC developed a system for visualizing energy usage amounts (hereinafter referred to as the “Facility Energy Saving System” or “EcoForest”) as an energy saving solution based on a centralized monitoring system called “Butics (Building total information and control system).” To cope with power shortages caused by unexpected disasters, it is urgently required to establish countermeasures against power shortages and outages by carrying out the visualization of power usage amounts at all business offices. Along with promoting visualization of the total amount of CO2 emissions of entire buildings, NEC has developed a “consumed power indicator” to visualize the amount of power usage as an energy saving measure, and has also developed an “energy saving control system (BCP energy saving support system)” as a countermeasure against power outage. Moreover, from the winter of 2011, we have introduced an energy visualization system to monitor energy wastage and control energy usage for optimum energy savings towards the summer of 2012 and for the future. NEC will offer solutions for “visualization” and “optimum controls for saving energy” as well as for “Smart Buildings” (BEMS: Building Energy Management System) aimed at achieving optimum energy supply and demand by developing grid interconnected control systems to support energy storage and even for energy creation.

  


  
    2. EcoForest, Realizing Power Saving by Visualization


    The following scenarios (Fig. 1) illustrate the carrying out of energy saving activities. This section describes “EcoForest,” which is positioned to achieve energy-saving work styles by introducing visualization functions at the stage of “Energy Saving 2” in Fig. 1. Features of “EcoForest” are explained below.


    
      ・ System configuration


      (1) Using conventional facilities including a centralized monitoring system


      (2) Standalone system configuration of “EcoForest”


      ・ Various functions to cope with different environments (recommended functions)


      (1) “Revised Act on the Energy Saving” (Visualization of the total CO2 emission amount of an entire building)


      (2) Energy saving (Visualization of power usage quantities)


      (3) Demand monitoring (Consumption prediction and “peak cut” of incoming power)

    


    
      [image: e120117_01.jpg]

      
        Fig. 1 Practical scenario for energy saving.
      

    


    2.1 System Configuration


    
      (1) “EcoForest” can be linked with conventional facilities such as via a centralized monitoring system, so that the cost of configuring an entire system can be minimized (Fig. 2).


      
        [image: e120117_02.jpg]

        
          Fig. 2 System configuration example of linking with conventional systems.
        

      


      (2) “EcoForest” can be configured by itself without linking with a centralized monitoring system such as Butics. It can collect the requisite information and analyze it to visualize the energy usage status (“visualization” and “exhibiting”) (Fig. 3).


      
        [image: e120117_03.jpg]

        
          Fig. 3 Example of independent “EcoForest” system configuration.
        

      

    


    2.2 A variety of Functions to Meet Different Environments


    
      (1) Conforming to the “Revised Act on the Energy Saving”(Visualizing the total CO2 emission amount of a building)


      The “Revised Act on Energy Saving” specifies the total CO2 emission amount of an entire building. Electricity, gas, water and oil are included in the revised Act.


      “EcoForest” collects energy information via locally located sensors. It converts acquired data into “specific units (g-CO2/kWh)” in order to analyze them and displays the results. Its GUI display employs universal designs to provide a human-friendly display environment. Its mascot characters may be also displayed on the screen using Flash technology. Fig. 4 shows the front page of “EcoForest” and describes the results achieved at the NEC Tamagawa Solution Center by implementing “EcoForest”.
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          Fig. 4 “EcoForest” standard front page and the effectiveness of “EcoForest” implementation.
        

      


      (2) Energy saving (Visualization of power usage amounts)


      Since the Great East Japan Earthquake, Tohoku electric Power Co., Inc. and Tokyo Electric Power Company (TEPCO) have requested customers to limit power consumption in their business areas. To deal with such requests, enterprises have carried out countermeasures for saving energy since the summer of 2011. This experience has created a trend toward energy saving among enterprises and countermeasures have been examined with the intention of implementation from June 2012. During FY 2011, most of the energy saving monitoring operations were performed manually because the requisite automation systems for effective monitoring could not be prepared due to the suddenness of the government announcements. We are now facing the issue of fully comprehending the scale of the power supply situation for the summer of 2012, which may lead to increased demand for power indicators in the market.


      As a part of NEC’s energy saving activities started since June 2011, the power usage amount is automatically collected every 10 minutes and the collected data is displayed on the power indicators together with the target values for energy saving of the entire office setup of the NEC Group (Fig. 5). The system that the power consumption of each staff can be monitored each other via the intranet was introduced in the office. This system and the staff’s awareness regarding energy saving created synergy effects, and significantly preferable results are thereby achieved.
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          Fig. 5 Power indicator.
        

      


      (3) Demand monitoring (Consumption prediction and “peak cut” of incoming power)


      Demand monitoring is a function of the “Centralized Monitoring System,” and contracted electricity is monitored in order to control power consumption at peak hours. “EcoForest” mounts a monitoring function for single demand as well as multiple demands so that it can manage the demand controls of multiple buildings (Fig. 6). On the single demand screen, detailed power usage management can be achieved by setting the predicted power consumption amounts of each device to values lower than the threshold values of the devices registered on the centralized monitoring system (Fig. 7).
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          Fig. 6 Demand monitoring windows.
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          Fig. 7 Power reduction provisional estimations for the business areas of TEPCO.
        

      

    

  


  
    3. Development of “Smart Buildings” (BEMS)


    3.1 Outline


    Implementation of energy saving for facilities and its effective management, “creating energy” and “storing energy” will be the next development stage. “Smart Buildings” (BEMS) are intended to solve these issues and achieve comprehensive energy saving. The development concept of “Smart Buildings” (BEMS) is to achieve optimum energy consumption by implementing “visualization,” “energy saving,” and “grid control” step by step.


    As shown in Fig. 8, when energy saving is promoted only by updating facilities and implementing “visualization,” actual power consumption cannot satisfy the target values. The concept of saving energy is to suppress excessive electricity usage by carrying out “visualization” and analyzing the power usage conditions. However, the concept of the present system is to cut peak time electricity usage via the demand monitoring system, and then to achieve an intelligent energy saving system by employing energy creation and storage.


    
      [image: e120117_08.jpg]

      
        Fig. 8 Concept of the creation and storage of energy via “Smart Buildings” (BEMS).
      

    


    3.2 System Configuration


    For the development of “Smart Buildings” (BEMS), NEC is constructing a building management system equipped with a function for controlling photovoltaic (PV) solar power generation, lithium ion batteries (LIB) and also power sources and device loads. The experiments described below were conducted in chosen fields in order to improve the quality and efficiency of “Smart Buildings” (BEMS). Fig. 9 shows the “Smart Buildings” system configuration proposals.


    
      	Evaluation characteristics of PV and LIB


      	Verification of methods for optimum energy management


      	Secure interconnection with commercial grids


      	Secure interconnection with commercial grids


      	Secure interconnection with commercial grids


      	Device load control


      	Prediction of energy generation and consumption amount


      	Linkage with the cloud and other internet services

      Other
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        Fig. 9 System configuration of “Smart Buildings” (BEMS).
      

    


    3.3 Outline of BCP Energy Saving Support System


    Installation costs for PV or LIB are still expensive so that there are still many buildings that have yet to introduce these facilities. To meet the needs for such buildings to deal with the total emission control standard for electricity and to control device loads, NEC has developed the “BCP/Energy Saving Support System.”


    Fig. 10 is a conceptual diagram of the “BCP/Energy Saving Support System.” This system enables monitoring of the power values of each of the circuit breakers installed in a distribution board and the ON/OFF control of circuit breakers via controllers mounted in the circuit breakers. Users are allowed to execute these operations via the control PCs. Moreover, the control PC equips a Web server function so that it enables the monitoring and control of the distribution boards via other PCs connected to the network. By setting different levels (priorities) for each circuit breaker, the power values can be controlled by automatically switching off the circuit breaker that is set to a lower priority so that the total power amount to be consumed indicated on the distribution board will not exceed the allowance value that conforms to the total emission control standard.
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        Fig. 10 Configuration of the “BCP/Energy Saving Support System.”
      

    


    We will deploy the results acquired from the development of the “BCP/Energy Saving Support System” to “Smart Buildings” (BEMS).

  


  
    4. Future Issues


    Although we are currently marketing “visualization of energy usage amounts” activities via “EcoForest” a further reinforcement of functions is required in order to assist in the anticipated severe power conditions that will affect society in the future. At the same time, accelerating the development of “Smart Buildings” (BEMS), which is an optimum power demand control system, is necessary for it to be suitable to put it to the market. “Smart Buildings” (BEMS) will be the next step of our “visualization” promotion policy as we have explained above in this paper. As the next solution for energy saving, it will be an important issue to implement upgraded “visualization” systems; such as integrating electric power and other items including humans, facilities and information, analyzing data and prediction simulations. As an environmental solution, a fusion of technologies is essential to meet the various demands including those regarding the sale of electricity, etc. that are imposed by the Energy Saving Act and the various regulations of Tokyo Metropolitan and other local cities.

  


  
    5. Conclusion


    In Japan, thanks to the revolution in internet technology, the interactive distribution systems of the information society have already been established, however, it seems likely that the “interactive distribution of energy” will be the next major technological innovation.


    As described so far, NEC will continue to develop even more sophisticated systems that feature higher reliability in order to prepare for the imminent energy revolution.
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    Abstract


    Our world is undergoing radical changes with the rapid spread of photovoltaic (PV) power generation and Japan’s review of energy policy since the earthquake. We can say that it is becoming increasingly important to finely control a proper balance of the power grid as we shift from an age of merely “purchasing” electricity through a power company to an age of “producing” and “saving” electricity on the demand side. NEC is effectively using the basic technology cultivated for many years in the construction of monitoring control systems for social infrastructure equipment. Quick monitoring control technology is being developed over a wide area and is being demonstrated for energy equipment installed in various social infrastructure equipment or users’ premises. This paper introduces its development and future product development.
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    1. Introduction


    The environment surrounding Energy Management Systems (EMS) is significantly changing with the rapid spread of new energy devices, such as photovoltaics (PVs), electric vehicles (EVs) and household energy storage batteries. At the same time, we have newly realized that a stable supply of electric power and efficient use of electric power are indispensable to leading a safe and comfortable life through the experience of the Great East Japan Earthquake.


    NEC has been constructing various monitoring control systems for social infrastructure that use the newest innovations in well-cultivated, advanced and rich information and communication technology (ICT).


    Section 2 gives an overview of the EMS. Section 3 introduces EMS-supporting energy equipment installed on users’ premises during demonstration experiments. Section 4 describes the wide-area infrastructure for the EMS future development plan.

  


  
    2. Overview of EMS


    Since a variety of energy devices are in wide use, such as PVs, storage batteries, EVs and private electric generators, we believe it is necessary for comprehensive energy management to consider not only the one-way flow of electric power from the power company to the users, but also opportunities for producing and saving energy on the demand side.


    NEC has cultivated superior monitoring control technology with high reliability and durability in the development of the electric power monitoring control systems currently managed by electric power companies. We are applying this know-how to monitoring control networks for energy equipment installed on users’ premises and will be developing it into the next generation of wide-area monitoring control technology. Fig. 1 shows an overview of NEC’s EMS targets. We are moving toward highly flexible energy management that covers a wider field, i.e. not only equipment installed in the electric power grid, but energy equipment installed in factories, public facilities and homes.


    
      [image: e120118_01.jpg]

      
        Fig. 1 Schematic diagram of EMS.
      

    


    NEC has a highly proven track record in the field of high-quality electric power monitoring control systems that once belonged to electric power companies.


    In electric power monitoring control systems, the following points are significantly important:


    
      1) Information loss prevention


      2) Securing specified responses


      3) Incorrect information transmission prevention


      4) Security


      5) Efficiency of maintenance and operation

    


    NEC has constructed a high-quality and efficient monitoring control system using exclusive hardware and various protocol procedures and complicated packet processing, including IPs accumulated as software assets, to realize the items mentioned above. These systems are widely used in NEC's social infrastructure system as well as in our electric power monitoring control system.


    It is assumed that the next generation of wide-area monitoring control systems will apply this monitoring control technology to cooperate and harmonize between the existing electric power grid and local EMS. Under the old monitoring control system, only equipment installed in the electric power grid was regarded as a control target. However, when power generation from each user, such as PVs, is involved, it is necessary to control tens of thousands of devices on a regional basis. NEC is developing EMS that assumes control of many devices to conduct demonstration experiments. Below we introduce how we have been working towards this.

  


  
    3. Demonstration experiments introducing EMS


    We are conducting demonstration experiments introducing a transfer cutout system for distributed power sources. This is one of the management systems supporting the new energy devices being installed on the demand side.


    3.1 Transfer Cutout System for Distributed Power Sources


    The spread of PVs and the like is progressing quickly and when many distributed power sources, such as PVs, are introduced, various problems are expected to occur in the electric power grid. This system is effective at solving the problems that arise when new energy is widely distributed. In addition, it is also applicable to the development of new services for wide-area monitoring control of energy equipment, by taking advantage of its ability to "deliver information widely and all at once." Quick monitoring control is possible from the level of the electric power company to the level of each individual user.


    
      (1) System configuration


      This control system consists of the following: first, an “information communication master control unit” (master control unit) for the control system, located at the electric power company; second, an “intelligent concentrator” (Micro-DX) installed on a power pole; third, an “information slave unit for the control system” (slave unit) installed by each user. The slave unit is installed to support the interfacing of PVs between the grid and the user. Micro-DX serves as gateway (GW) equipment to support the final mile of the connection.


      Joint research is being conducted between NEC and the Chugoku Electric Power Co., Inc. Energia Economic and Technical Research Institute. System effectiveness is scheduled to be verified by a Japan-U.S. smart grid demonstration in New Mexico, USA that is the contract research of the Independent Administrative Agency, New Energy and Industrial Technology Development Organization (NEDO). Photo shows Micro-DX and the slave unit during a demonstration at Chugoku Electric Power Co., Inc.


      
        [image: e120118_02.jpg]

        
          Photo Demonstration experiment of a transfer cutout system for distributed power sources.
        

      


      (2) Functions


      The following functions are realized in NEC’s transfer cutout system for distributed power sources. Fig. 2 shows a schematic diagram of this system.
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          Fig. 2 Transfer cutout systems for distributed power sources.
        

      


      1) Specifying the user connected with an existing system


      Since the master control unit handles database management for the intelligent concentrator and the slave unit, it is possible to handle database management for a large number of new energy devices, such as PVs. In addition, when this system is connected with an existing power system, the power distribution grid status of each device can be identified and the device for which control is required can be specified instantly using information connected with an accident.


      When the master control unit receives accident information, signals are transmitted through a global broadcast recognized as urgent information through the Micro-DX and then simultaneously to tens of thousands of slave units. The slave unit (user device) judges the details of the received signal and reacts and controls only when the signal is applicable. One of the features of this system is that only the target user device can be securely controlled even though the signals are sent to many control targets through a global broadcast. Fig. 3 shows a simulated display of the information concentrator. The signals are sent to all groups, but the control targets are only groups A and C.
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          Fig. 3 Information distribution in NEC’s transfer cutout system for distributed power sources (simulated display).
        

      


      2) Information concentrator securing real-time capability


      In this system, it is necessary to complete the disconnection of PVs within one second of the occurrence of an accident in order to prevent PV islanding. Even when low-speed PLC communication with a speed of 7.5 kbps is used for the “last mile,” we confirmed that it can be controlled in less than 200 ms from the reception of accident information to the completion of PV disconnection.


      Micro-DX realizes effective transmission by reliably adjusting between different speeds of IP communication, PLC communication and wireless communication. It is possible to transmit not only urgent control information but also low-priority monitoring information according to each application of the information concentrator in consideration of these balances.

    

  


  
    4. Wide-area Infrastructure for EMS Designed for Social Infrastructure Systems


    NEC develops monitoring control systems not only for electric power fields but also for social infrastructure in general, such as river dams, water supply and sewerage, railways, roads, buildings, etc. Monitoring control technology using ICT is now favored for the construction of wide-area infrastructure for EMS to balance the supply and demand of energy between various devices. Fig. 4 is a simulated display of the implementation considered by NEC.
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        Fig. 4 Wide-area infrastructure for EMS (simulated display).
      

    


    When supply and demand are optimally balanced based on the electric power company's grid information, natural energy including PVs and the consumption status of each region, we believe an optimal EMS can be realized, which leads not only to solving the problem of the spread of natural energy but also to energy saving.


    When the simultaneous multi-control mechanisms of a transfer cutout system for distributed power sources are used to quickly control a large number of energy devices and when the monitoring control system of the existing infrastructure is connected, the information to be managed can be consolidated. By doing so, the control target devices will no longer be tied to their location, so that management can be unified in local or community units. We believe it is possible to collect and deliver controls and information “widely and all at once” between various units based on managed information. Furthermore, we believe various additional applications will be realized once cloud computing information is connected.

  


  
    5. Conclusion


    In this paper, we have introduced our highly capable monitoring control technology for a social infrastructure system and next-generation EMS. Product development is currently underway through demonstration experiments.


    Japan’s energy policy has reached a turning point in response to global demands for CO2 reduction, the nuclear power plant disaster, etc. When we take for granted the existence of natural energy, batteries and EVs in the world, we believe that the functions and roles required for a social infrastructure system will also change.


    NEC will contribute to realizing a safe, secure and comfortable society by offering an EMS that meets today’s needs through advanced ICT technical developments.

  


  
    Author's Profiles


    
      FUKUSHIMAKei
    


    
      Department Manager

      Transportation and Public Network Division

      Social Systems Operations Unit
    


    
      KATOUMasaya
    


    
      Manager

      Transportation and Public Network Division

      Social Systems Operations Unit
    


    
      TERASAWASatoshi
    


    
      Assistant Manager

      Transportation and Public Network Division

      Social Systems Operations Unit
    


    
      NISHIKAWANorimitsu
    


    
      Transportation and Public Network Division

      Social Systems Operations Unit
    

  


  
    
      Special Issue on Smart Energy Solutions
    


    
      Energy Management System (EMS)
    

  


  NEC’s Approach towards Advanced Metering Infrastructure (AMI)


  
    NATSUGARIReiko, HIRANOTakashi
  


  
    Abstract


    Since 2006, NEC has been a participant in a project reviewing the possible automation of meter reading by power utility companies, aimed at developing and validating a communication method for so-called smart meters. Automated meter reading started out as a way of improving the power utility company’s meter reading efficiency, however together with heightened interest in smart grids today, expectations are high for its future potential applications.


    This paper discusses the scope of NEC support in regards to the validation project until now, as well as efforts toward utilization of smart meters in the future.

    


    
      Keywords


      smart meter, AMI, smart grid, multi-hop communication, wireless communication technology

    

  


  
    1. Introduction


    Even before the worldwide smart grid boom in 2009, Japanese power utility companies had been formulating a framework for automated meter reading as a way to increase their meter reading efficiency and provide a higher level of service to their customers.


    There are two major challenges to achieving automated meter reading. First there is the operational challenge of how to renovate the various procedures in accordance with power meter automation. Then there is the challenge of communication technology, specifically how to achieve a network for the purpose of gathering meter readings. Naturally these two challenges are closely interrelated, and an ideal path for communication network development needs to keep in mind the aforementioned operational challenge as our business requirements.


    And now, with the emphasis on energy saving and renewable energy ensuant to the Great Tohoku Earthquake of March 2011, the role of electricity meters is beginning to change. Expectations are high for implementation of the “smart meter,” which acts as an information tool to encourage energy saving by the utility customer, in addition to automatic meter reading. Due to this role change, the technological aspects required of the data gathering communication network are also starting to change.


    From 2006, NEC has been a full participant in the AMI (Advanced Metering Infrastructure) validation project, working to solve mainly issues in communication technology. In this paper, we will use our validation project activities thus far as a case study to introduce an outline of the AMI system and the scope of NEC’s support. Also covered will be the evolving role of automated meter reading in the future, and the communication technologies required to achieve it, reflecting the changing conditions of present-day society.

  


  
    2. Overview of AMI System


    NEC has been a full participant in the AMI validation project undertaken by Kansai Electric Power Co., Inc. since 2006 has actively contributed to the development of their AMI system called the “New Meter Reading System.” Subsequently, we have been involved in various automatic meter reading validation projects throughout the country.


    Kansai Electric Power Co. has worked over many years in research and development for the realization of an automatic meter reading system, aiming to address two objectives, namely an improvement in customer service as well as streamlining meter reading procedural efficiency. As a precursor to full-scale automatic meter reading validation study in Japan, in 2008 a field test involving some 3,000 units was done, which has since led to more massive scale studies.


    This section will provide an outline of the AMI system based on the case study of Kansai Electric Power Co.


    2.1 AMI System Functions and Characteristics


    The basic functions that would be required of an advanced metering infrastructure (AMI) system are as follows:


    
      ・ Scheduled meter reading function (Collection)


      Function that acquires meter reading data at 30 min. intervals and sends it to the power utility company.


      ・ On-demand meter reading, Remote stop/release functions (Control)


      Function that sends commands to a specified electricity meter to acquire meter reading data for a specified time span, and to change the status of circuit breakers.


      ・ Maintenance function (Distribution)


      Function that updates the terminal’s firmware and revises the time information.

    


    Aside from these are other functions such as registration management at the time of terminal installation, however when looking at basic functionality, they do not differ much from the sensing system for periodic observation. However, the AMI system features two major characteristics. The first that sets it apart from other systems is its enormity. In order to install this functionality on the tens of millions of electricity meters throughout the country, an access network equivalent to a gargantuan communication carrier would ultimately be required. And since new electricity meters capable of automatic meter reading would be installed in phases over time, the system architecture would need to take scalability into account.


    The second unique aspect is the level of quality that is required. In Japan, the replacement of electricity meters that are in use is mandated by law once every 10 years by the Measurement Act. In other words, unless an electricity meter breaks down, the opportunity to replace it arises only once in a decade. So electricity meters equipped with communication functions will likewise be required to offer sufficient quality enabling them to provide stable performance for 10 years installed outdoors. And as mentioned earlier, due to the enormity of scale, it is necessary to keep the cost per unit as low as possible and also minimize replacement due to initial malfunctions in order to attain cost-effective installation.


    2.2 Multi-hop Communication Method


    As for the validation tests done in conjunction with Kansai Electric Power Co., we applied the multi-hop communication method using wireless technology as our principal means of communication.


    A number of power utility companies have already been individually applying remote meter reading via mobile phone carriers, etc., in cases where physical meter reading was problematic. However, unless mobile phone carrier rates can be set relatively low, connecting all households using these carriers becomes very unrealistic from a financial standpoint. For this reason, we have selected the multi-hop communication method in which terminals autonomously communicate with each other to create a tree topology communication network, sending terminal data wirelessly to the telephone pole-mounted metering data collection unit which then connects to the power utility company’s network. This method, which allows development of an in-house access network while minimizing communication line costs, is currently the mainstream at other power utility companies as well (Fig. 1).


    
      [image: e120119_01.jpg]

      
        Fig. 1 Multi-hop communication method.
      

    


    One of the merits of the multi-hop method is that, since a terminal can communicate via other terminals even if it cannot send a clear signal directly to the metering data collection unit, a detailed communication line plan is not necessary. Other advantages include high access reliability since communications are automatically rerouted in the case of a metering data collection unit malfunction, as well as superior cost-efficiency of communication lines due to multiple terminals being able to share traffic.


    On the other hand, one of the disadvantages is, since it relies on multistage connection, there may be cases where an electricity meter installed in a location where direct communication with the metering data collection unit is not possible, finds itself unable to connect with any terminal and becomes stranded. In order to enlarge the coverage area per one metering data collection unit, it is necessary for communication capable electricity meters to be installed at a certain density. Furthermore, since multiple terminals share traffic, if a low-capacity transmission media is used, it may cause severe limitations on real-time performance (increasing latency) and transmission capacity.


    2.3 Scope of NEC Support


    As a participant in the validation project, NEC was involved in the development and manufacture of communication equipment including the communication unit of the electricity meter and metering data collection unit, as well as development of the routing function that optimizes the communication route (Fig. 2).
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        Fig. 2 Scope of NEC support.
      

    


    As mentioned earlier, one of the characteristics of multi-hop communication is the autonomous configuration of a network without requiring a line plan. The multi-hop communication method requires not only that the initial topology be configured automatically, but also for the route to be periodically updated for optimization in case there are any disruptions in the surrounding environment or temporarily interrupted connections. These functions are called “routing functions.”


    Route information is compiled based on a variety of environmental information that is sent along with the meter reading data to the terminal. In order to improve the collection efficiency of the network, we fine-tuned our settings a number of times to see which information (parameters) among those collected should be used to configure the most efficient communication route.


    And since multiple terminals share traffic in the multi-hop communication method, there are cases, such as after a power outage, where multiple terminals attempt to communicate all at once causing a convergence. To avoid this, we implemented a system where the timing of communication resumption would be dispersed, and were able to verify positive results.

  


  
    3. Challenges for the Future


    Participating in the validation project gave us the know-how on realizing a large-scale network that is necessary for advanced metering infrastructure. Also, people’s thoughts on electricity usage have changed after the Great Tohoku Earthquake, and the role that smart meters are expected to play has also changed.


    This section will discuss the role expected of smart meters, and the requirements of the communication network in accordance with it.


    3.1 Changing Role of Smart Meter


    The “Conference on Energy and the Environment” which was set up under the Japanese Government’s National Policy Unit (NPU) announced on November 1, 2011 their “Energy Supply-and-Demand Stabilization Action Plan.” This plan outlines the actions to be taken over a 3 year period to counteract the shortage of electrical energy since the Tohoku quake, with one of those actions is the promotion of smart meter implementation by power utility companies.


    In the plan, smart meters are defined as “infrastructure that would allow price plan setting to encourage reduced peak-hour usage by utility customers.” In other words, the idea is to use smart meters to provide a clear understanding of electricity usage by time range, thereby enabling flexible price plans that would encourage reduced electricity usage during specific time ranges (peak hours), eventually leading power utility customers to save energy of their own accord.


    Before the Great Tohoku Earthquake, the meter reading information acquired through automatic meter reading was meant to play a role in improving customer service. However, with this plan, the smart meter is positioned as a tool to encourage a rethinking of the way people use electricity through the implementation of flexible price plans, and is indicative of the changing role of electricity meters (smart meters) after the quake.


    3.2 Achieving “Visualization” (Visual Representation)


    In order to link the supply and demand of electrical power to the electrical usage activities of power utility customers, it is necessary to provide more meaningful information to the customer.


    Therefore, we are considering the need for a means of communication on both the meter and in the home, to allow data held at the smart meter to be transferred directly to the household “visualization” terminal.


    The need for a “visualization” route that allows data to be acquired directly from the meter has already been discussed during the Smart Meter System Review Committee of 2011, which acknowledged the necessity of standardizing the data format to be used between the meter and in-home terminal (Fig. 3).
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        Fig. 3 Communication route between smart meter and in-home terminal.
      

    


    Smart meters that can communication with in-home terminals have already been implemented in North America, and it is expected that similar smart meters with in-home terminal communication capabilities will become the mainstream in Japan also.


    3.3 Features Required of Future Communication Networks


    Pursuant to the changes in role of the smart meter as mentioned previously, the need to also change the role of the smart meter’s communication function is apparent.


    By connecting with the in-home terminal, or in this case, a HEMS terminal, the smart meter takes on the role as part of the Smart House (Fig. 4).
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        Fig. 4 Smart house image.
      

    


    By attaining such a role, the usage applications of smart meter are expected to expand further on a mid to long term basis. Accordingly, it is reasonable to assume that traffic on the smart meter network will increase in stages as well.


    In order to prepare for such future possibilities and provide alternatives for the smart meter network communication method, NEC is assessing whether mobile carriers such as WiMAX can be adapted to the smart meter network. As already mentioned, using a communication carrier service has its issues in terms of communication cost and operation, however since it is possible to implement only in areas where it is needed, it is well suited for bringing smart meter services to specified areas as quickly as possible.


    It is our intention to consider the operational feasibility along with technological implementation issues in our smart meter validation study.

  


  
    4. Conclusion


    Prior to the AMI validation project, for many years NEC has been involved in developing the internal communication networks of power utility companies. By combining this cumulative expertise with our mobile carrier communication technology, we intend to propose the ideal smart meter network capable of meeting the changing capabilities required of it.

  


  
    *WiMax is a trademark and/or a registered trademark of WiMax Forum.
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    Abstract


    Pyroelectric IR sensors have been used as human detection sensors in security applications because of their low power consumption, non-requirement of peripherals, possibility of human/object differentiation, and simplicity of wiring and signal processing circuitry. They are recently being applied as power conservation measures and for improving comfort and convenience by switching equipment operations based on the detection of human presence/absence. At the present time sensors incorporated in electronic equipment are subject to needs that were not previously relevant, such as compatibility with surface mounting as well as reflow soldering optimized for mass-production, a low sensor profile and resistance to the effects of vibrations and signals generated by other devices in the equipment. This paper introduces the pyroelectric sensor as a device that meets these requirements.
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    1. Introduction


    The pyroelectric IR sensor (hereafter “pyroelectric sensor”) has traditionally been used in human detection sensors for security applications because of its low power consumption, non requirement of peripherals such as lighting equipment, capability of human/object differentiation, and the simplicity of wiring the signal processing circuitry of the subsequent stage.


    Furthermore, the recent worldwide trend in innovative power saving devices has begun to include pyroelectric sensors in electronic equipment including in home appliances. These devices are contributing to the reduction of power consumption of the applications that switch the equipment operation mode upon the absence of humans being detected in range of the sensor. The equipment operation switching based on detection of human presence/absence is also being applied in fields for improving the comfort and convenience of our everyday lives.


    At present, the sensors incorporated in electronic equipment are subject to previously non-existing requirements, such as compatibility with surface mounting as well as reflow soldering optimized for mass-production, low sensor heights for enabling equipment thickness reduction and resistance to the effects of vibrations and signals generated by other devices in the equipment. This paper introduces a low profile pyroelectric sensor that features high sensitivity and resistance to the reflow soldering temperature for enabling surface mounting.

  


  
    2. Principles of the Pyroelectric Sensor


    2.1 Pyroelectric Effect


    Fig. 1 and Fig. 2 explain the operating principles of the pyroelectric sensor.


    
      [image: e120120_01.jpg]

      
        Fig. 1 Schematic diagram of a pyroelectric sensor.
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        Fig. 2 Pyroelectric effect and sensor output voltage.
      

    


    Fig. 1 is a schematic diagram of a pyroelectric sensor. The electrical operations of the pyroelectric sensor are determined by the pyroelectric element and the junction field effect transistor (JFET). The JFET is used to convert the very high impedance of the pyroelectric element. Its drain (D) terminal is connected to the power supply and the gate (G) terminal to the pyroelectric element. When IR rays are activated, the pyroelectric element discharges electric charges and causes the gate voltage to vary. As a result the variation in the current drained from the source (S) terminal and the subsequent variation in the potential difference across an externally attached resistor causes the change in the IR rays to be detected. If the IR rays are not irradiated onto the pyroelectric element, the current leaked from the Drain terminal to the Gate terminal and the resistance of the pyroelectric element apply a voltage to the gate terminal and a DC voltage is generated across the resistance connected to the Source terminal (this DC voltage will hereafter be referred to as the offset voltage).


    Fig. 2 shows the relationship between the presence/absence of IR radiation and the pyroelectric sensor output voltage. Period (a) shows the status in which IR rays are not present. Electrical deviation called spontaneous polarization is generated inside the pyroelectric element, but it is neutralized by atmospheric ions. As the pyroelectric element is apparently without charge, the sensor output is equal to the offset voltage.


    At the moment IR rays are irradiated in (b), the rise in the pyroelectric element temperature alters the spontaneous polarization status and the gate voltage of the JFET changes instantaneously. This phenomenon results in variation of the sensor output voltage.


    Thereafter, even when the IR rays continue to be irradiated, the temperature of the pyroelectric element does not change from status (b) so the sensor output voltage is kept at the offset voltage as shown in (c).


    When the IR rays are interrupted in (d), a change occurs in the pyroelectric element to return the temperature and the spontaneous polarization to the status in (a). As a result, the sensor output voltage at this time presents a reverse potential to (b) with respect to the offset voltage.


    Subsequently, if the IR rays continue to be interrupted, the temperature of the pyroelectric element does not change from status (d) so the sensor output voltage remains at the offset voltage as shown in (e).


    As seen above, the pyroelectric sensor generates output only at the moment the IR rays start to be irradiated or are interrupted.


    2.2 Application as a Human Detection Sensor


    The pyroelectric effect described above has low wavelength dependency with IR rays. Therefore, when using a pyroelectric sensor as a human detection sensor, a frequency filter is attached at the light receptor of the sensor. Although a band-pass filter transmitting only the wavelengths around 9 and 10 μm that correspond to the IR rays emitted by the human body is ideal, a long-pass filter is used generally due to cost considerations etc. Fig. 3 shows the general transmittance characteristics of a long-pass filter for use as a pyroelectric human detection sensor. In this example, too, a filter with which the transmittance of short wavelengths is reduced is used to prevent malfunction due to external disturbance, etc.
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        Fig. 3 General characteristic of the long-pass filter.
      

    


    As discussed above, a human detection sensor that outputs a signal when a human being comes into or goes out of the detection range can be fabricated by combining a pyroelectric sensor and a frequency filter.

  


  
    3. Basic Characteristics of a Pyroelectric Sensor


    In general, a pyroelectric sensor is easier to use when the electrical power of the detection signal is larger compared to the input of the same physical quantity, just like other sensors.


    At NEC TOKIN, we started development of a pyroelectric sensor from the stage of choosing the pyroclastic material to be used. The rest of this section describes the relationship between the material evaluation index (referred to as Fv - valuation factor - in the formula below), which is the index of the performance of each pyroelectric material, and the pyroelectric sensor output voltage.


    3.1 Material Evaluation Index


    When the material is in the block condition before being divided into the shapes of individual pyroelectric elements, the material evaluation index (Fv) that can be used to judge the performance of the pyroelectric material, can be expressed by formula (1).


    [image: e120120_04.jpg]


    where the pyroelectric coefficient λ can be expressed by formula (2).


    [image: e120120_05.jpg]


    As shown above, the material evaluation index (Fv) can be calculated by measuring the currentIproduced when a sudden temperature change ΔT is applied to the material.


    3.2 Material Evaluation Indices and the Pyroelectric Sensor Output Voltage


    We prepared several levels of pyroelectric materials with variable material evaluation indices (Fv), processed them into pyroelectric elements of the same shape and arranged them in packages of the same structure to fabricate the pyroelectric sensors. We then measured the output voltages of these pyroelectric sensors according to the measurement system shown in Fig. 4.
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        Fig. 4 Measurement system.
      

    


    As shown in Fig. 4, the blackbody furnace irradiates the IR rays, which are divided by 1 Hz time division of the mechanical chopper before being received by the pyroelectric sensor. We eliminated the DC component from the pyroelectric sensor output and then measured it with a Lock-in amplifier. The results were as shown in Fig. 5, which indicated that there is a linear relationship between the material valuation index and the sensor output voltage. This means that the output voltage of a pyroelectric sensor can be estimated by measuring/calculating the material evaluation index of the pyroelectric material when it is in the block status. This information enabled efficient development of new materials and actually allowed us to develop pyroelectric materials that can improve the sensor output voltage considerably compared to our previous pyroelectric material as shown in Fig. 5.
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        Fig. 5 Material evaluation index and sensor output voltage.
      

    

  


  
    4. Improvement of Sensor Performance


    4.1 Reflow Compatibility


    The assembly of mass-produced equipment often involves the technique of mounting parts using a surface mounting tool and by then soldering them using a reflow furnace. Consequently, the pyroelectric sensor should withstand the reflow temperature so that it can be used in surface mounting. In general, reflow soldering is performed for a few seconds at temperatures near 260 degrees C. This process is sometimes repeated twice or more.


    However, the material transition point of our previous pyroelectric material, called the Curie point was not high enough for the reflow temperature. Its material evaluation tended to degrade after having been processed by the reflow furnace.


    NEC TOKIN has also succeeded in raising the Curie point of the developed pyroelectric materials. Fig. 6 shows the change in the sensor output voltage when one of the developed materials is incorporated in a sensor device and is subjected to repeated reflow. With the previous pyroelectric material that was from our inventory, the output drops below 60% after single reflow, but the newly developed material presents little drop in output voltage even after five times of repeated reflow.
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        Fig.6 Reflow count and drop in sensor output voltage.
      

    


    4.2 External Disturbance Resistance


    When a pyroelectric sensor is embedded in electronic equipment the potential risk of disturbance from other devices in the same equipment will increase. We adopted various structural improvements to deal with the associated problems. In the following we review the results obtained from a structure that is resistant to the influence of vibration of the magnetic wave-source devices that are often used in electronic equipment.


    Fig. 7 shows the measurements of the sensor output voltage when a pyroelectric sensor is soldered onto a PC board and vibrations are applied to the board. The vibrations applied to the PC board had amplitude of 5 μm and a frequency of 1 Hz. As the IR rays were not irradiated during the measurements, the output voltage should desirably be free of charge. However, the pyroelectric sensor output voltage actually varied due to the vibrations. Nevertheless, when the same vibrations are applied to PC boards on which different pyroelectric sensors are mounted, the output voltage variation of our present pyroelectric sensor was about 1/3rd that of the commercially available pyro sensors.
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        Fig. 7 Comparison of output voltage under vibration.
      

    


    Fig. 8 shows the measurements of the output noise of pyroelectric sensors when an electrical field is generated in the proximity of each sensor. Even when the frequency of the electrical field is varied, the noise output of our present pyroelectric sensor was lower than that of the commercially available pyroelectric sensors.
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        Fig. 8 Comparison of noise characteristic in the electrical field.
      

    

  


  
    5. Device Implementation


    The incorporation of various measures including the above improvements has led us to the successful development of a pyroelectric sensor with a surface mounting compatibility. Photo shows the external view of the completed pyroelectric sensor and Table shows its basic specifications.
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        Photo External view of developed pyroelectric sensor.
      

    


    
    
      Table Basic specifications of the developed pyroelectric sensor.
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    6. Conclusion


    This paper introduced the basic principles of the pyroelectric sensor device and described a pyroelectric sensor featuring ease of equipment embedding and reflow compatibility developed by NEC TOKIN for use in new kinds of applications.


    It is expected that the requirements for power saving, size reduction and comfort/convenience improvements will be expanded via various equipment developments, and we also believe that the scope of the applications of pyroelectric sensors in such equipment will increase in the future. NEC TOKIN intends to advance the development of pyroelectric sensors by targeting further improvements of their characteristics and size reductions.
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    Abstract


    The organic radical battery is a secondary battery using a plastic material containing stable radicals. It charges and discharges by the oxidation and reduction of radical species such as a nitroxyl radical. This battery features a high-power discharge capability and a flexible structure. In a high-power pulse discharge test, the thin organic radical battery presented no degradation in cell resistance even after 10,000 times of continuous pulse discharge (1-second pulses). The thin and flexible organic radical battery is considered particularly suitable for supplying power to compact ubiquitous devices in the future such as the highly functional smart card.
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    1. Introduction


    Portable information devices such as mobile phones and laptop PCs have now become indispensable for our daily life and business. This is mainly the outcome of the reduced size and improved performance with high functionality of semiconductor chips, but advances such as the increased capacity of lithium-ion batteries used as power supplies have also contributed considerably to the advancement of such devices. It is expected that portable information devices will continue to advance and new devices with new features such as wearability and flexibility will be released in the future. In turn, secondary batteries used as power supplies are expected to offer various other properties, such as a thin structure, flexibility and higher power, in addition to large capacity.


    Secondary batteries typically employ compounds of heavy metals such as lead, cadmium, nickel or cobalt as electrode materials, but new electrode materials are also being developed. As part of these efforts, active research is being conducted into the organic electrode for the secondary battery because of their light weights and the expectations of implementing various properties by means of molecular design. NEC has been developing organic charge storage materials since the 1990s. It was found that the plastic containing stable radicals present excellent charge storage characteristics. We propose a secondary battery based on them under the name “organic radical battery”1). Here, “radicals” refers to unpaired electrons, which are in general extremely unstable. When attempting to store electricity in an organic compound, it generates unstable ionic radicals. However, these decompose immediately after the generation. This property makes it impossible to store electricity in the organic compounds. To solve this problem, we focused on very special kinds of organic compounds that include stable radicals, which have unpaired electrons with long-term stability. When a stable radical compound stores electric energy, unpaired electrons disappear and become ionic molecules, which can be stabilized with a combination of proper counter ion. The organic radical battery is a secondary battery which charges and discharges by the redox between stable radical compounds and stable ionic molecules.

  


  
    2. Energy-Storing Plastic - Stable Radical Polymer


    The existence of stable radical compounds has long been known, but there has been no attempt to apply them to battery technology. Neither has there been any report on the stability of the oxidation and reduction required for the materials of secondary battery electrodes. NEC conducted a basic electrochemical evaluation of various stable radical compounds and found that 2,2,6,6-tetramethylpiperidine-N-oxyl (TEMPO) containing nitroxy radical (NO radical) (Fig. 1) has excellent stability in a repeat of oxidation-reduction. TEMPO is capable of repeating stable oxidation-reduction between NO radical and oxoammonium (NO cation) (Fig. 2). The voltage of its oxidation-reduction is relatively high (about 3.6 V vs. Li/Li+) and it is comparable to the voltage of a lithium-ion battery. Later, in an electrochemical kinetic study, it was also found that TEMPO has an extremely high oxidation-reduction rate, which means that TEMPO has the potential to discharge at a large current, so that it can be the electrode material for a high-power battery. Aiming at developing high-power batteries, we are presently using materials with a TEMPO structure as cathode materials for an organic radical battery.
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        Fig. 1 2,2,6,6-tetramethylpiperidine-N-oxyl (the black dot represents an unpaired electron).
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        Fig. 2 Oxidation-reduction of a nitroxy radical
      

    


    An electrode material must be insoluble to electrolyte. However, all commercial stable radical materials have been low-molecular substances that dissolve easily into the electrolyte. Therefore, to prevent TEMPO from being dissolved in electrolyte, we synthesized a plastic (polymer) with a TEMPO structure, considering the fact that polymers usually have lower solubility than low-molecular substances. We synthesized a polymer with a polymethacrylate skeleton and TEMPO structure, poly (4-methacryloyloxy-2,2,6,6-tetramethylpiperidine-N-oxyl) (PTMA)1) (Fig. 3). PTMA can be synthesized in relatively few steps from relatively low-cost materials and is therefore advantageous from the viewpoint of manufacturing costs.
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        Fig. 3 PTMA
      

    


    Although radicals are usually extremely unstable, those of PTMA showed very high stability. We evaluated the time degradation of radicals by measuring the spin concentration (radical concentration) of the polymer on the electron spin resonance (ESR) spectrum and did not observe a reduction in electron spin even after the polymer was left in a room atmosphere for half a year. When actually applied as a battery material, PTMA is stable on the order of years. Even when PTMA that had been synthesized more than three years earlier was used as an active electrode material, the charge-discharge was possible without degradation in battery characteristics. Fig. 4 shows the thermogravimetric analysis (TGA) curve of PTMA and the residual radical rate measured on the ESR spectrum after one minute of heating at a specified temperature. The TGA indicates that the polymer structure is stable up to 220°C and the ESR measurement after heating does not show any deactivation of radicals up to 200°C. These results indicate that PTMA is excellent in long-term storage stability and thermal stability.
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        Fig. 4 Pyrolysis rate (curve) of PTMA (temperature rise rate 10 degrees C/minute) and residual radical rate after 1 minute of heating (●).
      

    


    Radical molecules store charges in the radical structures. Consequently, the quantity of electricity stored per unit weight (capacity density) is determined by the molecular weight per radical. When one electron is stored per radical, the theoretical capacity of PTMA is 111 mAh/g, which corresponds to 80% of the storage capacity of the positive-electrode material of a lithium-ion battery. (The capacity density of LiCoO2 used as the electrode material of a lithium-ion battery is 140 mAh/g.)

  


  
    3. PTMA/Carbon Composite Electrode


    An electrode material must be insoluble to electrolyte because an electrode cannot store electricity if its materials are eluted into the electrolyte and the eluted material will degrade battery characteristics considerably. PTMA has very low solubility in representative nonaqueous electrolytes such as diethyl carbonate and acetonitrile. Nevertheless, in applying it as a battery material, we turned it into a perfectly insoluble material by introducing cross-linking structures between the main polymer chains (cross-linked PTMA) in order to prevent dissolution of even a small amount after long use or under high temperatures.


    PTMA is an aliphatic polymer and is not electrically conductive by itself. While the TEMPO structure has the capacity to store electricity, it is not capable of handing electrons to the electricity storage section. Since PTMA cannot be used as the sole material for a battery electrode, because this would result in large resistance, we mixed an electro-conductive material into the electrode. This electrically-conductive material is the carbon that is already in use as the electrically-conductive additive to lithium-ion batteries. The selection of the type of carbon used here is important for obtaining high power output because it has a great effect on the resistance of the electrode. As a result of the study of various carbon materials, we found that a vapor-grown carbon fiber (VGCF) as thin as 150 nm in diameter is effective for reducing electrode resistance. This is because this material has relatively high electrical conductivity and its extremely small in diameter increases the area of contact with the radical material. With a PTMA/carbon electrode, the fabrication process noticeably affects battery characteristics. An ordinary electrode is usually fabricated by dispersing the constituents in a solvent and applying and drying the solvent to a metallic foil. When this fabrication process is applied to a PTMA/carbon electrode, carbon fibers are attached around the PTMA particles (Fig. 5 (a)). As the PTMA particles in this structure do not include the electro-conductive materials for exchanging electrons, battery resistance would become high in the charge and discharge. So instead we kneaded carbon into PTMA swelled with organic solvent to fabricate a PTMA/carbon complex in which carbon is caught inside PTMA particles (Fig. 5 (b)) and used this as an electrode material.
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        Fig. 5 (a) PTMA/carbon electrode obtained by normal process (concept) and (b) PTMA/carbon complex (concept).
      

    

  


  
    4. Characteristics of a Thin Type Organic Radical Battery


    We evaluated the characteristics of a thin type organic radical battery fabricated with PTMA/carbon complex2). This thin organic radical battery (26 mm(V) × 24 mm(H)) (Photo 1) is fabricated by stacking PTMA/carbon complex electrodes, polyolefin separators and carbon negative electrodes, adding ethylene carbonate/diethyl carbonate mixed solvent containing 1M-LiPF6 as an electrolyte and sealing all of these within aluminum laminate. Fig. 6 (a) shows the results of the discharge of a thin type organic radical battery at current of 0.5 mA and 50 mA. The discharge curve presents high voltage-flatness in the 0.5 mA discharge, with an average voltage of 3.6 V and a discharge capacity of 5 mAh. This high voltage-flatness is maintained even in a discharge at a relatively high current of 50 mA, and the discharge capacity in this case is 4.1 mAh (82% of the 0.5 mA discharge). Fig. 6 (b) shows the discharge curve of an organic radical battery fabricated without using the complex. The discharge capacity in the 0.3 mA discharge is 3 mA, which is about 60% of the capacity in the 0.5 mA discharge of the organic radical battery using the complex. In the 30 mA discharge, the discharge capacity drops precipitously to 0.5 mAh. These results demonstrate that using PTMA/carbon complex can increase battery capacity and also enable discharge at a higher current.
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        Photo 1 External view of a thin type organic radical battery.
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        Fig. 6 Discharge curves of (a) an organic radical battery fabricated from PTMA/carbon complex and (b) an organic radical battery fabricated without using PTM
      

    


    Many electronic devices require a high pulse-power supply. This is required, for example, in the rewriting of electronic paper, the operation of sophisticated LSI-handling encryption and light emission from high-intensity LEDs. To deal with this requirement, we conducted pulse discharge testing at 20°C (pulse discharge time: 1 second) and obtained the results shown in Fig. 7. The maximum output power achieved in the 1-second pulse discharge test was 2.5 W at a discharge current of 1.2 A. At this time, the discharge current per electrode area was 113 mA/cm2and the output power per electrode area was 0.24 W/cm2. The output density of this battery, calculated based on cell volume, is 9.5 kW/L excluding the aluminum laminate material or 5.7 kW/L including it. This output power per volume is at a level equivalent to the electric double-layer capacitor that is known to be one of the highest-powered commercially available energy devices. We also evaluated stability under repeated pulse discharge by repeating a 1-second, 100 mA discharge every minute for 10,000 cycles. The results of this test, shown in Fig. 8, show that cell resistance barely increases after 10,000 cycles of pulse discharge and capacity does not decrease at all. These results demonstrate that the organic radical battery has high stability under repeated pulse discharge.
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        Fig. 7 Output characteristics of the organic radical battery (1-second pulse discharge).
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        Fig. 8 Pulse cycle characteristics of the organic radical battery.
      

    


    PTMA is levigated (becomes gel-like) when it absorbs electrolyte (Photo 2 (Left)). In the organic radical battery, therefore, a PTMA/carbon complex electrode also becomes a gel-like electrode containing carbon fibers. The electrode taken from the battery is very flexible, with no cracks observed even after repeated bending (Photo 2 (Center)). It is a rugged electrode, thanks to the carbon fibers playing the role of skeleton. The battery itself is also flexible (Photo 2 (Right)) and no change in battery characteristics was observed after repeatedly bending.
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        Photo 2 Electrolyte-permeated PTMA (left), electrode (center), thin type organic Radical battery (right).
      

    


    The above property of the battery may make it suitable for use as a power supply for devices that must be stable against bending, such as IC cards and wearable devices. Even if the battery is shorted out by driving a nail through it, it is safe because intense temperature rise will not occur. The use of such a thin power supply with IC cards is expected to improve their functionality such as a display. If the battery is incorporated into clothes, it will be possible to include a display, communication device, etc.

  


  
    5. Conclusion


    NEC proposed and is currently developing an organic radical battery that uses a stable radical compound as the electrode material. An organic radical battery using electrodes made of a complex of radical polymer PTMA and carbon fibers has advantages such as high power, flexibility and safety. A thin type battery is considered to be suitable for use as a power supply for compact ubiquitous devices such as highly functional smart cards and wearable devices. We will verify the practicality of our development and aim to apply it as a power supply for the information terminals of the future.
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    Abstract


    NEC is attempting to develop electronic equipment featuring both convenience and without standby power consumption by means of non-volatile logic technology using spintronic devices. NEC also expects that applying this technology in the wireless sensor terminals used for example in energy management systems will extend the battery replacement intervals significantly and thereby render the systems virtually maintenance-free.
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    1. Introduction


    Expectations for the energy saving technology have been raised more than ever as a means for realizing a sustainable society by protecting the global environment as well as offering countermeasures to offset the electricity shortages that have been prevalent since the 2011 Great East Japan Earthquake. Such trends require that the standby power of electronic equipment can be reduced to near zero because it is essentially an unwanted factor. The standby power of electronic equipment can be eliminated by the user unplugging the power cord, but this would compromise the convenience of the equipment. NEC is attempting to achieve both the elimination of electronic equipment standby power and a high level of convenience by applying the non-volatile logic technology described below.


    One of the assumed applications of this technology is in the terminal equipment of the energy management system (EMS). As discussed elsewhere in this special issue, NEC offers EMS using a variety of terminal equipment. A reduction of the power consumption of the terminal equipment is not only necessary for enabling the energy saving effect brought about by the introduction of EMS, but it also has significance otherwise. The first priority for the sensor terminals is to install them in the locations in which they can sense the physical quantities (including temperature and consumed wattage) required by the EMS. For this purpose, some EMSs improve the freedom of installation layout by using battery-driven sensor terminals that transmit sensor data via wireless communications. If the standby power of the electronic equipment is reduced to zero, it should be possible to extend the battery replacement intervals of such sensor terminals. Moreover, if the battery replacement interval can be extended to more than ten years, some systems may become virtually free of the need for battery replacement (i.e. to be maintenance free). If it is not required to consider battery replacement work in the layout of the sensor terminals, it should then become possible to implement more advanced and diversified EMSs.


    In section 2 below, we will discuss how the non-volatile logic technology can offer both system convenience and power reduction. On the other hand, the element technology that is at the core of the non-volatile logic technology is that of spintronics. Section 3 will describe the operating principles of this technology that makes use of a previously unexploited property of electrons, which is the property of fine magnetic elements. Section 4 will report on the results that we have achieved so far in the development of non-volatile logic technology.

  


  
    2. The Effects of the Non-volatile Logic Technology


    Fig. 1 shows an example of the configuration of electronic equipment. While the user may think that the power supply is off, most electronic equipment still consumes standby power in order to hold the computations underway in the logic IC. If pending computations are saved in a storage that does not lose memory, even after the power supply is shut down, such as a flash memory or hard disk, the time taken for recalling the saved data increases the time after power on until the equipment can actually be used, thereby degrading the convenience. The current situation is a trade-off between the convenience and standby power reduction functions as shown in Fig. 2. However, the pending computations required for the convenience remain in both the high-speed memory and the logic IC. If these can be made capable of retaining the latter status even after the power supply is shut down (i.e. if they can be made non-volatile), the waiting time after turning the power on becomes unnecessary. This applies even when the standby power is eliminated by completely shutting down the power supply in the standby mode and the degradation of convenience after power recovery can be avoided.
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        Fig. 1 Example of the electronic equipment configuration
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        Fig. 2 Coexistence of convenience and power saving provided by non-volatile logic technology.
      

    


    Since a non-volatile logic IC does not need saving or recalling of data, the equipment can be turned on-off in the short time of less than 1/100th of the period of a single movie frame. A property that is set based on the limit of human vision (approx. 0.04 sec.). This makes it possible to implement equipment that can turn itself on-off frequently upon its own judgment without being noticed by the user and therefore power consumption may be saved significantly. For example, when the user types “ABC” on the keyboard, the electronic equipment can save power by turning the power supply to the unnecessary circuitry even in the short period between the typing of “A” and “B.” A similar power saving effect can also be obtained with the sensor terminals of EMSs because the temperature and brightness functions that they control change much more slowly than the operation of the non-volatile circuit, at a level equivalent to that of human motion.


    In the above, we described the advantages of the implementation of a non-volatile logic IC assuming that optimum operations are performed. Nevertheless, the software of the currently available electronic equipment is designed assuming that the operations underway in the logic IC are lost when the power supply is shut off. This means that, in order to bring non-volatile logic technology to perfection, it is not required merely to develop a device or IC technology, but a comprehensive technological development comprising software designed to control the algorithms is necessary.

  


  
    3. Spintronics


    We will now consider the device technology of the non-volatile logic IC. Fig. 3 summarizes the concept of spintronics. An electron has two properties, that of a negative charge and as a fine magnet. Since the early development of electronic equipment, electronics has not been positive in utilizing its property as a fine magnet (called the spin). However, following significant progress in magnetic material technology in recent years, spintronics has been advancing by aiming at the positive utilization of the spin property. In the development of spintronics devices and IC technologies, NEC is engaged in leading-edge R&D by participating in the national project “The Funding Program for World-Leading Innovative R&D on Science and Technology (FIRST)” of the Cabinet Office (Subject name: “Research and Development of Ultra-low Power Spintronics-Based VLSIs”, Principal investigator: Prof. Hideo Ohno, Tohoku University).


    
      [image: e120122_03.jpg]

      
        Fig. 3 Two properties of an electron.
      

    


    One of the most attractive features of the spintronic device is that its rewrite count is not limited in spite of it being a non-volatile device that retains previous status even after the power supply is shut off. With the non-volatile storage elements used in logic ICs previously, such as in the flash memory, the rewrite count has been limited to around 100,000 times because the element is damaged by the high internal voltage. This limit does not pose a problem as far as the element is being used in the memory card of a digital camera because the user would not release the shutter for 100,000 times. However, it is not enough to control the rewrite count of elements used to switch the logic IC located in electronic equipment to the non-volatile status. Because the spintronic element holds the memory based on the orientation of fine magnets and is rewritable with low current under low voltage, it is not damaged and therefore the rewrite count is without limit.


    NEC is developing a vertical domain wall element as a spintronic element for use in the domain of non-volatile logic technology that features vertical magnetization with respect to the magnetic body as shown in Fig. 4. As the magnetization on the two extremities of the magnetic body called “the free layer” is fixed in opposite directions by the magnetic body called “the pinning layer,” an area where the magnetization orientation changes suddenly is produced around the center of the free layer. This area is called the domain wall. Data “1” or “0” is stored depending whether the domain wall is located on the left or right in the area in which magnetization is not fixed. The data can be rewritten by the current.


    
      [image: e120122_04.jpg]

      
        Fig. 4 Domain wall motion of vertical domain wall element.
      

    


    When a current flows between two extremities of the magnetic body, an electron stream is produced in the direction opposite to the current. As the electron spin trend is in the same direction, the area in the magnetization direction on the side of the free layer to which the electrons flow increases. This phenomenon appears to indicate that the domain wall is displaced by the pressure of the electron stream. The technology for producing this “domain wall motion” makes use of the interaction between the magnet-like properties of individual electrons and the current that flows, because electrons have negative charges as shown in Fig. 5. It is a typical spintronics-based technology.
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        Fig. 5 Magnetization reversal by spin interaction.
      

    


    Data of “1” or “0” of the vertical domain wall element is converted into a resistance value in the logic IC before being read out. The element used for the readout is also based on the spintronic technology called the magnetic tunnel junction (MTJ).


    The non-volatile logic IC is implemented by fabricating spintronic elements on a general IC. This is equivalent to incorporating an element with a non-volatile storage function in the logic IC. The previous mainstream procedure in logic IC design was to separate it from the memory because this was believed to improve the cost efficiency of information processing. Today, however, it is thought that the integrated fabrication of non-volatile logic ICs with memory not only has the potential of changing the mainstream of the information processing mechanism, but by crossing the current limits of IC technology it represents a paradigm shift in the developing architecture of electronic equipment.

  


  
    4. Non-volatile Logic IC Technology


    Under the framework of the funding program, we have developed and demonstrated an innovative content addressable memory (CAM) processor for use in the CPU for the first time in the world. It features both high-speed operation, equivalent to existing ICs, and non-volatile memory operation that holds data in the IC even when the power supply is shut off during processing. Employing the vertical domain wall element described above that we have long been developing this technology makes it possible to hold the data being processed in the CAM processor. This is the circuit used for referencing temporarily saved data of the same status, without saving the data to a memory when the power supply to the CAM is shut off. Photo shows the CAM processor applying the vertical domain wall element.
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        Photo Content addressable memory processor applying 140 nm wide vertical domain wall elements.
      

    


    We selected the CAM processor as the tool for demonstrating the operation of non-volatile logic technology because the CAM combines logic and memory circuits and in demonstrating its operations we open up the perspective for implementing an entirely non-volatile CPU.


    The newly developed CAM processor features the capability of data search at an equivalently high speed to the previous processors. To transform a CAM processor into a non-volatile device without losing its high speed, we connected two spintronic elements each with an opposite spin direction in each cell of the chip. Other spintronic elements are not capable of direct connection between two elements due to the circuit structure and therefore to batch write data in them is difficult. On the other hand the newly developed vertical domain wall elements use separate paths for the write and read currents, thereby making it possible to connect two elements in series and to write data in them simultaneously.


    This structure makes it possible to omit one of the two write switches that had to be provided per element. As a result, the cell can be implemented in a more compact size, while achieving a fast 5-ns search cycle time equivalent to the previous CAM processors composed only of CMOS transistors at the same time as offering low power consumption.

  


  
    5. Conclusion


    Development of a non-volatile logic technology in order to entirely transform an electronic device is being advanced as described above. In the future, under the collaboration with Tohoku University, we will set targets to bring the element and circuit technologies to perfection. Meanwhile, we have also started work on the development of suitable control algorithms and software for use with entirely non-volatile electronic equipment. The results of the upcoming development will be published sequentially.


    Non-volatile logic technology can provide electronic equipment for use directly by users that features the coexistence of energy saving and convenience. On the other hand, with the EMS mounted, it can be free of restrictions related to battery replacement, optimize the installation layout of the sensor terminals and improve their performance. We are developing non-volatile logic technology that can contribute to energy saving in the field of information communications by targeting completion of development and provision of marketable products by the year 2015.
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    Abstract


    To achieve the top level of efficiency in the market of LED (Light-emitting Diode) household ceiling lights, NEC Lighting has developed a stylish LED ceiling light that matches various interiors. Recently developed, this equipment employs LEDs featuring a superior energy saving performance for the light source. It also introduces a technology that illuminates the entire device equally even to the center of the product, a function that was only achieved hitherto by the conventional fluorescent lighting equipment.
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    1. Introduction


    Household lighting equipment accounts for 16.1% of the power consumption, which is a rather large percentage and ranks next to that of the air conditioner. As a contribution to power shortage countermeasures, lighting equipment is increasingly identified as a suitable candidate for energy saving measures. In this context NEC Lighting has developed and marketed a ceiling light employing LED as a main light source.


    This paper introduces our range of LED ceiling lights featuring continuous dimming control and color mixing functions and also describes product features.

  


  
    2. Features of the LED Ceiling Light


    The developed product employs LED as a light source. One of the innovative features of the LED ceiling light is its continuous dimming control function. However, another feature is that it employs two color shades of LED (daylight and incandescent) to achieve the color mixing function (switchable between 3 modes).


    Moreover it mounts a multi-angle system that enables uniform luminous intensity distribution performance, which is the essential concept of the product. By combining with a new power source, it is intended to achieve better luminance and efficiency.


    Compared to other manufacturers’ products, our newly developed product is equipped with a multi-angle system that has the advantages described below.


    
      (1) Light distribution technology that illuminates to the center of the product (Multi-angle system)


      Since the end of 2011, various manufacturers have started to market ceiling-mounted home lighting equipment. However, most of these products mount decorative panels at the center of the product.


      These panels are mounted to compensate the unique characteristics of LED. LED possesses a strong linearity characteristic. Due to this feature, the light cannot be distributed to the center of the equipment so that the central part may be left dark when the LED mounted lighting equipment is switched on. To deal with this issue, decorative panels or sensors are installed in the central part of the equipment with the aim of merging into the product design. However, such a product structure presents difficulties regarding the product design strategy.


      The multi-angle system employed by NEC Lighting achieves uniform luminous intensity distribution performance that enables LEDs to distribute light even to the center of the product due to the features described below. The system also allows more freedom for the product design that enables it to match various lifestyle scenarios.


      1) LED best match fixing angle with a uniquely shaped reflector


      Instead of lighting a room with the LED’s light of linearity from ceiling to floor, our technology enables the luminous intensity distribution to the entire lighting device by reflecting the light from the uniquely shaped reflector that is installed with a fixing angle that achieves highly efficient reflection (Fig. 1). By increasing the angle, the “uneven luminance impression” that is another unique characteristic of LED can be reduced.


      
        [image: e120123_01.jpg]

        
          Fig. 1 Cross section of the product.
        

      


      2) Improved reflection rate by installing a reflector coated with a highly reflective material


      To achieve an even more efficient lighting appliance, the surface of the reflector is coated with a paint featuring higher reflection characteristics (Photo 1). This has resulted in an improved luminous intensity distribution performance to the center of the equipment and also to a reduction of the flux loss due to reflection (a reflection rate of 92% or more was achieved).
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          Photo 1 Reflector.
        

      


      3) Resin coating with light scattering characteristics to improve the uniform light emission performance


      The “uneven luminance impression” cannot be completely cleared even by providing the countermeasures described above 1) and 2), therefore, we employed a resin cover containing superior light scattering characteristics, which improved the uniform luminous intensity distribution performance (Photo 2).
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          Photo 2 Light scattering cover.
        

      


      (2) Appropriate luminance for different room sizes


      High quality and the most appropriate luminance for a room size (numbers oftatamimats) can be achieved by changing the number of LEDs thanks to use of the high power and highly efficient type LEDs (Table and Photo 3).


      
      
        Table Numbers of LEDs suitable for numbers of tatami mats.
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          Photo 3 Modules (daylight color: 3, incandescent color: 2).
        

      


      (3) Long service life


      The service life of an LED light source is approximately 40,000 hours, which is almost 2.6 times that of the conventional fluorescent lamp. This enables elimination of lamp replacement that is sometimes bothersome work for users.


      (4) Diversity of design


      A wide variety of design developments has been achieved thanks to the multi-angle system that enables adoption of the traditional lampshades and globe-shape covers often used for conventional florescent lighting equipment. This has resulted in product development with 21 different designs, which is at the top level of product variation in the global market (Photo 4). A real wood shade with a Japanese style design is exclusively an NEC product in the market (as of December 2011).
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          Photo 4 Representative products.
        

      

    

  


  
    3. Remote Controller Capable of Both Operability and Visibility


    The remote controller just looks like a smart phone. It employs a stylish form to go with the image of the state-of-the-art LED ceiling light (Fig. 2). Its tactile qualities when held in the hand and its operability have been improved. An LCD panel and button layout similar to a smart phone allows users to select a desired function with “one-touch” operation.
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        Fig. 2 External appearance of the remote controller and its main function
      

    


    
      (1) Light timer


      Automatic lighting ON/OFF can be set via the time setting on the remote controller.


      (2) LCD screen


      Various settings can be displayed on the LCD screen, such as the present time, timer reservation, present brightness (10 levels) and light-ON mode.


      (3) Dimming control and color mixing


      This device controls the three illumination modes: Active mode (daylight color), Natural mode (daylight white color: Color mixing = Daylight color + Incandescent color) and Relaxation mode (incandescent color). The most favorable illumination mode to suit a particular lifestyle scenario can be selected while controlling the dimming function (100% to approx. 10%).


      (4) Sleep timer


      Lighting OFF in 30 min. or 60 min. can be set with a single button operation.


      (5) LED night light


      ON/OFF operation as well as dimming function (7 levels) can be set for a night light equipped with LEDs.


      (6) Fade ON/Fade OFF


      When switching the LED light equipment on and off, it will turn on or off gradually. This function is available with all of the LED lighting equipment except the night light.


      (7) Demonstration mode


      For a lighting demonstration of the lighting equipment display in a shop, a demonstration mode is provided. This mode becomes available by setting a password.


      (8) Wall switch control


      LED brightness can be changed by switching ON and OFF repeatedly at a wall switch.

    

  


  
    4. LED Lighting Circuits


    Input voltage to lighting equipment is 100 V AC in Japan, so control circuits are required to regulate the AC-DC power supply, luminance and lighting mode. The configuration of the power supply unit employed for products introduced in this paper is shown in the block diagram in Fig. 3. A microcontroller controls lighting ON/OFF and dimming, and a constant current circuit generates a highly precise and stable output.
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        Fig. 3 Block diagram
      

    


    The current dimming method is employed for the constant current circuit in order to reduce ripple current so that LED lighting without flicker is achieved. Moreover, a smooth dimming operation is available by controlling the current via a microcontroller so that the current output to the LED varies continuously. When a light is OFF or a night light is ON, the control circuit shuts down the unwanted circuit operations such as an active filter, etc. in order to minimize the stand-by power consumption.


    When switching ON the lighting equipment, the continuous dimming function increases the output current gradually so that the light turns on to reach 100% gradually, in approximately 2 sec. When switching OFF, it decreases the output current also gradually from the 100% level of the light-ON status and the light turns off by taking approximately 3 sec. This (fade ON, fade OFF) function creates a luxurious lighting ambiance.


    The demonstration mode, described in Section 3, item (7), is programmed so that a demonstration of lighting equipment in a shop can be started by sending a special code from a remote controller. The demonstration mode will not be stopped by switching off the power supply. It is programmed to continue the lighting demonstration until it receives a special code from the remote controller to cancel the demonstration mode (Demonstration function).


    By pressing the ON/OFF button repeatedly at the wall switch, the lighting status of the lighting equipment can be changed between full lighting (100%), dimming and night light (Wall switch control function).


    Moreover, when the light equipment is turned off by the wall switching operation or a power outage, the last lighting status before being switched off is stored. If a power outage occurs during the light OFF mode, it resumes the last status before the outage (in this case “OFF”) so that it can be prevented from being turned ON accidentally when the power supply is resumed.

  


  
    5. Conclusion


    Our LED ceiling light with continuous dimming and color mixing functions is a highly value-added household lighting device that achieves energy saving and offers luxurious household ambience.


    NEC Lighting will continue to propose a more pleasant living environment while developing even more advanced products with enhanced usability and appeal to meet the diversified needs of consumers.


    In conclusion, we would like to express our gratitude to all those who have assisted in the development of our LED lighting equipment.
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    Abstract


    Recently, the decrease in voltage and the increase in the current demand of mobile notebook PCs have led to more importance being placed on improving the power loss characteristic. In order to meet this trend, NEC TOKIN has developed the MPCG series of integrally molded choke coils that feature improved power conversion efficiency by the use of a low-loss magnetic core material called “Senntix.” The series achieves a high-current energization capability and a significant reduction in core loss. It incorporates a flat rectangular conductor coil that is wound edge-wise and is fabricated with “Senntix” in a one-piece construction format. It is likely that the power load to the power supply system of electronic equipment will continue to increase in the future. We therefore intend to expand the product lineup and enhance the specifications of the MPCG series and to position them as optimum solutions for electronic equipment energy saving countermeasures by suppressing the amount of heat generated and improving their power integrity.
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    1. Introduction


    The performance and functionality of electronic equipment has recently been rapidly improved and enhanced. At the same time, it is evident that there is a need for a reduction in the size and weight of electronic equipment as well as an accelerated increase in the packaging density of devices mounted in electronic equipment.


    Also, in the market for IT terminal products, the dissemination of tablet-type terminals is increasing rapidly. These advances feature handy, stylish designs and easy operation, etc. To cope with such advances, tablet-type terminals have to be slim and light weight, and at the same time they are expected to be equipped with sufficient processing capacity and a long-hour operation performance.


    While accelerating the dissemination of tablet-type terminals, notebook PCs are not only required to feature a high processing performance but also need even more size/weight reduction and increased operation hours. Such a trend is expected to be accelerated. In order to cope with such constraints, the choke coil to be used in the DC/DC converter mounted in new notebook PCs featuring compact and slim designs is therefore effectively required to reduce losses in the high frequency band as well as being compatible with a high current.


    This paper introduces the MPCG Series of low-loss, high-current choke coils that are optimized for use in the DC/DC converters in the CPU drive systems meeting the requirements for ultra-slim PCs that will become widely available in the markets of the near future.

  


  
    2. Electrical Energy Losses of Choke Coils


    In general, the battery drive time of a notebook PC is determined by the power consumption for the CPU drive, etc. When a DC/DC converter is used to supply the CPU drive power, part of the electrical energy is converted into heat that is dissipated and lost. Among such losses, those of the choke coil can roughly be classified into two types. One is the “iron loss” that is a loss by magnetic hysteresis of the magnetic core materials and eddy currents, and the other is “copper loss” that is a loss by the electrical resistance of the wound coil; both of these consume the supplied electrical energy as heat energy.


    The energy consumed as heat does not contribute to the CPU drive and is therefore counted as a loss.


    The MPCG Series has achieved more efficient power supply to CPUs by adopting the low-loss metallic magnetic material “Senntix” that can reduce the above mentioned iron loss substantially. This trend has also resulted in extending the battery drive time and has thereby contributed to a reduction in the amount of heat generation in notebook PCs.

  


  
    3. Magnetic Core Material


    The MPCG Series has adopted Senntix as its magnetic core material. This material has a lower loss characteristic than the metallic magnetic materials used conventionally in magnetic cores. Fig. 1 shows the core losses for Senntix and for the traditional material. Senntix is a metallic glass material with iron as the main constituent element that has an amorphous crystalline structure. As a result, it has an extremely low hysteresis loss and the overall loss of the coil at 300 kHz is as low as about 1/3rd that of the traditional coils. This low loss characteristic can also be maintained at a higher frequency of 1 MHz. It can thus reduce the core loss even when the material is used in a high-frequency drive such as may be required as a result of the more compact size and thinner profile of notebook PCs. As a result, it is expected that this material will be of increased importance in the future.


    
      [image: e120124_01.jpg]

      
        Fig. 1 Core loss comparison per frequency between Senntix and conventional materials.
      

    


    In addition to the low loss characteristic, another feature of Senntix is that it offers both a high saturation magnetic flux density that can handle high-current energization and a high relative magnetic permeability.


    These features make Senntix also suitable for use as the core material of high-frequency driven and high-current energized choke coils for use in the thin profile PCs of the future.

  


  
    4. Product Structure


    The MPCG Series of choke coils have a one-piece construction format that is fabricated by pressure forming a coil composed of edge-wise windings of flat rectangular copper wires, using Senntix (Photo and Fig. 2).


    
      [image: e120124_02.jpg]

      
        Photo MPCG product view.
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        Fig. 2 MPCG structure.
      

    


    The magnetic core that forms the product is also fabricated by pressure forming in which metallic particles are bound together by an insulating binder. The insulating binder forms gaps distributed between the metallic particles at the same time as binding them (Fig. 3). The synergy of the distributed gaps in the structure and the amorphous crystalline structure of the Senntix metallic magnetic material minimizes the eddy currents generated in the magnetic material. A core with extremely low loss is thus implemented that has not been achievable with previous choke coil products. In order to reduce the copper loss the coil is made of a flat rectangular copper wire, which is advantageous for improving the coil space factor in a limited space. The wire is wound in an edge-wise direction in order to reduce the winding height and the lead areas are implemented as directly-mounted terminals by drawing the soldered lead wires from opposite sides after integral pressure forming. This structure eliminates the connection loss that used to be produced in the connection of the wiring materials and the terminals and makes the coil compatible with higher currents.
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        Fig. 3 Magnetic core model.
      

    


    The integral construction by pressure forming does not leave spaces between the coil and core as was the case in the previous assembly type choke coils, thus enabling high thermal conductivity and achieving both low leakages of magnetic flux and less electromagnetic noise characteristics.

  


  
    5. Product Characteristics


    5.1 Power Load Efficiency Characteristic


    The significant feature of the MPCG Series is that it improves the power load efficiency (I/O efficiency) by using the metallic magnetic material “Senntix” that offers low core loss characteristics.


    In general, the core loss mostly affects efficiency on the low-current side, which corresponds to the battery drive time during light-load operation or in standby mode during the actual use of notebook PCs. Fig. 4 shows a comparison of the power load efficiency characteristics of the new MPCG Series and of the MPC Series, which are our previous products. The adoption of Senntix by the MPCG series has improved the total loss by about 1.5% compared to previous products in the low current load domain of 0.1 to 3 A (ampere) where the core loss exerts effects most noticeably. Senntix with low core loss is used and a product structure with an improved coil space format is adopted in order to decrease the copper loss. Thus, the MPCG Series achieves high efficiency in the low to high current load domains.
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        Fig. 4 Power load efficiency characteristics.
      

    


    The facts outlined above allow us to expect significant improvements in the battery drive time and in the heat generation amount while operating actual notebook PCs.


    5.2 DC Superimposition Characteristics


    Thanks to the use of Senntix with its high saturation magnetic flux density, the MPCG Series offer excellent DC superimposition characteristics with a low decrease in inductance under high current loads. In addition, the excellent temperature characteristics are capable of maintaining the saturation characteristics under environmental temperatures of 20°C and 100°C almost equally (Fig. 5). This means that the inductance does not deteriorate suddenly even when a rush or eddy current flows in the power line. This makes the MPCG Series optimum for low-voltage, high-current, multi-phase drive choke coils for use in driving the CPUs of notebook PCs, which allows them to manifest stable performances even in the high-temperature environment that results from long hours of operation.


    
      [image: e120124_06.jpg]

      
        Fig. 5 DC superimposition characteristics
      

    


    5.3 Electromagnetic Noise Characteristics


    Conventional assembled-type choke coils have hitherto been fabricated by assembling a pair of internal coils. This arrangement tended to produce gaps both between the cores as well as between the cores and the coil, so that this structure often required the use of an adhesive to fix the gaps in order to optimally form the product and reduce rattling.


    The MPCG Series integrates the coil and the metallic magnetic material by means of pressure forming and does not leave gaps between the coil and the magnetic material. As a result, a low electromagnetic noise characteristic is featured with a noise level below 40 dBs even at the resonance frequency of the electrical load (Fig. 6). This feature enables these choke coils to be optimised for use in products required to operate quietly such as for the CPU drives of notebook PCs.
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        Fig. 6 Sound pressure level.
      

    


    5.4 Other Characteristics


    The MPCG Series has a low leak magnetic flux characteristic thanks to a closed magnetic path construction with single-piece pressure forming of the coil and a metallic magnetic material. These choke coils do not produce electromagnetic coupling with other electronic components, even in the case of high-density packaging. Therefore they can alleviate the care required in the board design, such as for the placement of the choke coil and for considerations regarding other components.

  


  
    6. Product Lineup


    As shown in Table, the products lineup of the MPCG Series consist of compact choke coil products that are compatible with inductances from 0.36 to 0.88 μH and currents from 17.0 to 25.5 A. This lineup will be expanded in the future so that it may offer solutions for the use in ultra-thin PCs that are capable of offering even more compact and thinner products to our customers.


    
    
      Table Dimensions and electrical characteristics of MPCG Series.
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    7. Conclusion


    The MPCG Series of high current-compatible compact choke coils have electrical characteristics that are suitable for use in DC/DC converters with the associated large increase/decrease of voltages that are necessary for power supply lines. The features of these products including their large current compatibility and low loss characteristics make them suitable as choke coils for DC/DC converters for driving the CPUs of mobile notebook PCs and power supply lines of other systems (GPU, etc.). The actual adoption of such products in these areas is currently expanding.


    Aiming at improving the energy efficiency of mobile electronic equipment that will lead the information society in the future, we intend to expand the specifications and product lineup and to position the range as optimum products that are compatible with various applications. It is our intension to promote these products as ones that may be used to provide optimum solutions for our customers.
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    On November 10 and 11, NEC held its C&C User Forum & iEXPO2011 at Tokyo International Forum under the theme of “Toward an Information Society Friendly to Humans and the Earth - Creating the future together with you.” The following is an introduction to the proceedings of the presentation made by Nobuhiro Endo, President of NEC, at the event.

  


  
    An Information Society Friendly to Humans and the Earth


    Today, based on the theme of “Toward an Information Society Friendly to Humans and the Earth - Creating the future together with you,” I would like to introduce you to the types of areas in which NEC is capable of contributing to both its customers and society.


    The NEC Group Vision 2017 is “To be a leading global company leveraging the power of innovation to realize an information society friendly to humans and the earth.” In 2007, employees across the entire NEC Group set out to carefully consider and formulate this vision, which represents what we envision as a company to achieve in 10 years.


    The year 2007 marked the 30th anniversary of the C&C declaration made by Dr. Koji Kobayashi, former chairman of NEC, at INTELCOM ’77. This led us to call for the creation of a prosperous information society through the integration of IT platforms and networks, which is today’s equivalent of C&C - the integration of computers and communications technologies.


    This “prosperous information society” I just referred to is actually expressed as “an information society friendly to humans and the earth” in the NEC Group Vision 2017. By this we mean a society in which individuals are able to not only freely access information whenever and wherever they are but also use convenient solutions in real-time. Moreover, the society we envision is one in which impact on the global environment can be reduced for all human activities. This “society friendly to humans and the earth” is exactly what our company is striving to realize.


    While the world’s population recently surpassed the seven billion mark, the amount of water, food and resources available to create industrial products is limited. How can we effectively utilize limited resources like these, and how can they be used to enrich peoples’ lives? These are current social issues shared by us as a company, and overcoming major problems like these will require us to communicate more broadly and closely. Amidst these issues, it will be imperative for us to collect a variety of information, keep abreast of changes and provide our customers with useful services.


    Ever since the establishment of our company, NEC has focused on the evolution of computers and communications - defined as C&C by Dr. Kobayashi - That is, we have concentrated on to evolution of IT platform and a network. Today, the term C&C has been replaced by C&C Cloud, and we are setting our sights on achieving growth in our C&C Cloud business. The “information society friendly to humans and the earth” we are endeavoring to realize through C&C Cloud is one in which a vast array of information can be used to create useful services that anyone can freely access from virtually anywhere. What’s more, C&C Cloud will make real-time and dynamic use of these services possible.


    IT platforms and networks are the biggest components supporting cloud computing, and both have undergone tremendous innovation over the past ten to twenty years. In particular, the shift to wireless broadband networks has proven to be extremely useful in enabling individuals to access information and enjoy services offered by providers from literally anywhere.


    Meanwhile, in the area of computing, improvements in fundamental processing capabilities and virtualization technologies have made more efficient use of hardware possible. These improvements in computing performance and the shift to broadband communications have led to the creation of cloud infrastructure, which has in turn enabled the realization of services such as Infrastructure as a Service (IaaS), Platform as a Service (PaaS) and Software as a Service (SaaS).


    Cloud is comprised of three components: IT platforms and networks, which are at the core of cloud computing, the services existing on those platforms and the sensors and devices necessary for providing data to the cloud and actually being able to use cloud services. NEC possesses all three of these components as assets, and is therefore able to combine them to create various end-to-end cloud solutions.

  


  
    The Value of Cloud


    The digitalization of information has proven to be the biggest factor in generating value through cloud. By accumulating information that was once only available on paper as data, that data can be linked with other data from different categories to create new value. For example, linking traffic and automobile information makes it possible to predict the possibility of traffic accidents. Then, by adding precipitation information, you could potentially reduce the occurrence of such accidents. This could also lead to a decrease in the number of times drivers hit their brakes, thereby reducing fuel consumption. As you can see, the simple act of linking various types of information can lead to the creation of unprecedented services. This is what the world of cloud is all about.


    When it comes to cloud services, “real-time” and “dynamic” are the most important keywords. This is because real-time collection of data and the ability to dynamically respond and provide services to users can lead to the creation of new value.


    Since cloud makes it possible to handle large quantities of information, comparisons with data accumulated in the past could potentially help us make near-future predictions, which would in turn lead to prevention and support for preventive actions. In addition, wireless networks will make it possible to use such services from virtually anywhere. “Real-time,” “dynamic,” “prediction,” “prevention” and “services that can be used anywhere” are the five keywords and phrases in the field of cloud. Going forward, it is anticipated that a wide range of services will be created to realize the value of these aspects of cloud.

  


  
    The Challenge of “Big Data” and NEC’s Initiatives


    Recently we’ve been hearing a lot about “Big Data.” The use of valuable cloud-based services will require the handling of large quantities of data. For example, in September 2010, smartphones accounted for 3% of all mobile phones used in Japan, while that percentage rose to approximately 15% in September 2011. Although that is only a 12% increase over the course of a year, mobile data traffic more than doubled during that time.


    It will therefore become vital to possess the computing power necessary to respond to significant increases in the amount of data handled as a result of the use of convenient services. Increases in data size from greater use of rich content, increases in data sources from diversification of devices and real-time data conversion of real-world event information are all contributing to the rapid rise in data volume.


    Real-time data collection, data traffic processing and data analysis for value creation will all be integral to the utilization of large quantities of data.


    First, in terms of data collection, data collected in the cloud is not only limited to that gathered from mobile phones and other terminals but also includes sensor data for gathering physical information. Take, for example, the recently developed Piezoelectric Vibration Sensor (Fig.1). The collection of large quantities of data requires compact, light-weight and highperformance sensors. This newly developed compact sensor achieves high sensitivity and broad frequencies, thereby enabling it to gather data that has up until now been impossible to detect. For instance, since this sensor is capable of detecting everything from extremely slow vibrations to delicate, high-frequency creaking in buildings, it can be used to recognize the signs of water or gas leaks.
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        Fig.1 Collection of real-time data / Advanced sensor technology
      

    


    Next, it will be necessary to determine how we can efficiently transmit collected data through networks. This is what spurred NEC to develop a new network product called Programmable Flow. This is the first product in the world to incorporate OpenFlow technology, and has won awards at events such as Interop in both the U.S. and Japan. Programmable Flow is able to determine which routing is best based on data content. This eliminates network congestion and makes it possible to effectively use network paths according to the type of data even when faced with large quantities of data (Fig.2). It is also necessary to consider how to process collected data. NEC is currently researching ways in which it can process data collected in real-time to most efficiently provide services. First, data is accumulated until a certain amount of past data exists, at which point “machine learning,” a technology with which the computer itself is able to recognize the attributes of the data and determine what correlations exist between data possessing particular attributes, can be used. Then, once the computer has created rules based on these correlations, it is able to apply those rules to current real-time data, thereby making it possible to predict future occurrences.
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        Fig.2 Data traffic control / Efficient network operations
      

    


    The key to analyzing large quantities of data and creating useful services will be the ability to discover correlations between past data and current conditions.


    For instance, NEC possesses “super-resolution technologies” with which blurry images can be transformed into clearly visible images. Using this technology, even images that were once unrecognizable as images due to the absence of sufficient image data can now be made clearly visible by providing rules through machine learning (Fig.3).
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        Fig.3 Data analysis for new value creation / Advanced analysis algorithms
      

    


    Then there is our face recognition system, which can be used to recognize human facial features, match those features with large quantities of stored facial feature data and then verify the identity of the person in question. The key to this system is its ability to process large quantities of data while at the same time producing particular correlation results. Last year, NEC’s face recognition system was ranked number one in evaluation tests for accuracy held by U.S. National Institute of Standards and Technology (NIST).


    In May of last year, NEC unveiled its Cancer Diagnosis Assistance System “e-Pathologist” (Fig.4). Pathologists visually examine endoscopically removed tissue samples under a microscope to determine the presence or absence of cancer and select the best course of treatment for patients diagnosed with cancer. The pathologists who make these pathological diagnoses must be highly skilled and experienced, and are subjected to a great deal of stress due to the fact that there is no room for misdiagnosis. That's where e-Pathologist comes in as a system that uses artificial intelligence technologies referred to as image processing and machine learning to assist in making pathological diagnoses.
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        Fig.4 Examples of advanced analysis algorithms
      

    


    NEC is committed to working together with you to determine what types of services will be useful from the five viewpoints I mentioned earlier of “real-time,” “dynamic,” “prediction,” “prevention” and “used anywhere,” and to move forward with the development of these services.

  


  
    Smart Cities that are Friendly to Humans and the Earth


    As I have shared with you thus far, the shift to broadband networks and improvement of IT platform performance are the first steps that must be taken toward the realization of cloudbased solutions. And it is only once services enabled by that foundation and devices and sensors capable of accessing the cloud have been developed that a single solution can be created. Smart Cities have recently become a popular topic of conversation.


    Smart Cities are comprised of many layers, one of which is the energy resource layer. It is in this layer that NEC is promoting the development of new batteries, including those for household use. In early 2011, NEC formed a strategic partnership with Enel Distribuzione, Italy’s leading electric power company, to move forward with the development of energy storage systems toward the realization of Smart Grids.


    Each and every one of the examples I have introduced today are new cloud services utilizing Big Data. The major selling point for these services is the new value they create; that is, the ability to make predictions, support preventive actions based on those predictions and be used anywhere. Going forward, we at NEC hope to work together with all of you in creating new value, and look forward to your continued support. Thank you.

  


  
    * This manuscript is an excerpt from the NEC presentation given at the C&C User Forum & iEXPO2011 on November 10, 2011.
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    C&C User Forum & iEXPO 2011 was held at the Tokyo International Forum on November 10 and 11, 2011 with the slogan of “Toward an Information Society Friendly to Humans and the Earth - Creating the future together with you -.” The forum became a venue for the introduction of a variety of products, services and technologies of the NEC Group with displays, lectures, seminars and exhibitions.

  


  
    Outline


    Under the slogan “Toward an Information Society Friendly to Humans and the Earth - Creating the future together with you -,” C&C User Forum & iEXPO 2011 introduced the future of the cloud computing systems and the efforts being made by the NEC Group through lectures and seminars as well as exhibitions and demonstrations categorized into “Smart Cities,” “Smart Lifestyles,” “Smart Business,” etc.


    Adjacent to the entrance, a stage was installed with the collaboration of Prof. Shinichi Takemura, Kyoto University of Art and Design. Here were presented, global environmental simulations entitled “Touch the Globe” and a stage show using three 200-inch display panels based on the show theme. These exhibits were admired and enthusiastically received by visitors.


    This year, many visitors also paused to enjoy the “Scenic exhibition” that introduced NEC’s capabilities in the context of various scenarios that included society, daily life and business.

  


  
    Smart Cities


    In this category, it introduced products and solutions such as energy management, disaster control, public safety, convenience/comfort and the like that are aimed at the implementation of “smart cities.”


    ・Energy management


    One of the typical energy management measures available for households is the home energy management system (HEMS) that projects the energy consumption situation of a household per room and per time zone to contribute to energy saving without adversely affecting life styles. HEMS was developed jointly by NEC and Sekisui Chemical Co., Ltd., and it is already installed as a standard component called “Smart Heim Navigation” in the “Smart Heim” series of Sekisui’s nextgeneration houses. In the future, it is expected to be provided for a wider range of housing manufacturers. The household energy storage system launched in July 2011 (Photo 1) stores the electricity generated by solar panels in households and the low-priced night time electricity in storage batteries and utilizes the stored electricity effectively for power consumption peak shifting and to enable reductions to electricity charges. The energy storage system was commercialized as a system fusing NEC’s proprietary technologies, including the lithium-ion battery technology featuring high safety and long lifespan and power control technology based on ICT.
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        Photo 1 Household energy storage system.
      

    


    Energy management in offices and commercial buildings is supported by the building energy management system (BEMS). It interconnects a security system and a visual display system with an integrated equipment monitoring system to control air conditioning and illumination automatically and it eliminates wastage in energy use. This exhibition corner also introduces the “ePMsolution,” a SaaS type solution offering energy management of multiple buildings.


    Strategies aimed at the implementation of the next-generation energy society were also introduced, including participation in social demonstration experiments such as the Yokohama Smart City Project and Honjo Smart-Energy Town Project and in the Digital Grid Consortium for studying electricity infrastructures based on the new concept of fusing information technologies and electrical energy systems.


    ・Disaster control


    In relation to disaster control, products and technologies for dealing with emergencies as identified from the experience of the 2011 Tohoku Earthquake were introduced. Expected to be applicable to rescue reporting for disaster locations is the “field visualization solution” using portable audio/visual distribution terminals (Photo 2). This system can build a wireless relay network using satellite communications for the real-time exchange of voice, image and location information between field workers and HQ. A “generation/storage integrated communication system” was also shown as a reference exhibit in support of the disaster control system. This is an independent power supply combining solar cells and lithium-ion rechargeable battery cells that serves to secure communications, including for disaster emergency broadcasting as well as for surveillance.
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        Photo 2 Field terminal for field visualization solution.
      

    


    ・Public safety


    A system exhibited as a reference related to public safety was the “monitoring camera image analysis system,” which is used to identify a specific person from camera images and to analyze the person’s behavior by tracking his or her movements (flow line). NEC’s image analysis technology applied to this system is highly regarded worldwide, and a new product incorporating the technology, “NeoFace for personal ID reader” is scheduled to be shipped in March 2012. This product targets the need for personal identification and record keeping in financial institutions, etc.


    ・Convenience/comfort


    The exhibi ts of this d isplay corner included the “CONNEXIVE,” NEC’s M2M (Machine-to-Machine) solutions for measuring, visualizing and for sensors and controllers by collecting information from them and linking it with the cloud computing system. With very wide applications including agriculture, traffic, logistics, environment, energy and healthcare, this solution can be positioned as one of the fundamental technologies for improving convenience and comfort in lifestyles. A total solution for bus companies was also proposed in this corner. This is the system that handles information accompanying the bus business such as bus timetable organization, location information identification and business management. Proposals made this year called for further improvement of the convenience of bus users by making use of information and ICT.

  


  
    Smart Lifestyles


    This category introduced new lifestyles made possible by the “LT” Android-based cloud communicator and smart phones by showing specific deployment scenarios. It also featured advanced technologies associated with the “Elderly watch support service,” remote medical consulting and healthcare.


    ・Healthcare


    The usage of cloud computing in lifestyles attracting the highest attention from the general public is in the field of healthcare. The exhibits this year included the introduction of the specific mechanism of home watch support for the elderly using the well-known communication robot “PaPeRo” as well as the “e-Mimamori” elderly watch support cloud service that was marketed in October 2011 for use by local governments and nursing care businesses (Photo 3).
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        Photo 3 Elderly watch support using sensors and PaPeRo.
      

    


    This service monitors changes in the living activities of elderly persons compared with the usual rhythm, which is obtained by detecting usage or opening/closing data of the electric appliances and doors on which sensors are installed. If any change is detected, a notification e-mail is sent to a family member of the elderly person or the local government person in charge.


    ・Mobile cloud computing


    One of the symbols of modern “Smart Lifestyles” is the smart phone that is rapidly gaining widespread acceptance. NEC introduces the “Mobile Smart Cloud,” via a series of cloud-based service platforms for providing smart phones with added applications. The service platforms provide the communication carriers with customized services covering security including authentication and ID management, content delivery and billing and a “Social Graph” information platform for activating user communications via the cloud computing system. As an example of a unique application of this service platform, the “Locomo” location information sharing service for smart phones was introduced within the framework of an R&D project in collaboration with the Graduate School, Tsukuba University.

  


  
    Smart Business


    This category introduced: usage of C&C Cloud to reinforce business continuity and management infrastructures, solutions for creating new businesses and enhancing existing businesses, next-generation stores and reform of work styles, together with energy-/power-saving ICT equipment.


    ・Next-generation stores


    The exhibition corner displaying the theme of the “Nextgeneration stores” showed actual machines and systems to familiarize visitors with the actual images of the introduced systems. The exhibits included the TWINPOS5500Fi, a compact, face-to-face service type POS system featuring handsfree, speedy payment via a cash register released as a new model of the NEC POS system that has already been approved in many business environments, and the TWINPOS G5, a POS system oriented for the global market that is already being delivered to Alfamart, a major convenience store chain in Indonesia. In addition, a series of rental product sale/inventory control systems using RFID tags was exhibited. These solutions based on the UHF-band RFID tags attached to merchandise combine real-time inventory control using antenna-equipped display shelves “RFID Smart Shelf” (Photo 4), self-checkout using the “RFID Self POS” capable of batch readout of multiple RFID tags and the illegal take-out detection system using “RFID Smart Gate.” One such system has already been introduced in the Daikanyama shop of the TSUTAYA BOOK STORE opened in December 2011. This example was of Japan’s largest scale, using 800,000 RFID tags.
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        Photo 4 RFID Smart Shelf.
      

    


    ・New business creation, reinforcement of existing businesses


    The product attracting the most attention in this display was “LT-B” (Photo 5), a new model for the LT products. The new model features a stylish flat design and multi-touchscreen panel for intuitive fingertip operation. The visitors were also interested in actual examples of solutions using LT products in the fields of health care, real estate and education.
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        Photo 5 Cloud communicator “LT-B.”
      

    


    The reference exhibit “AR/image/voice recognition cloud service” proposed the utilization of cloud computing terminals. The demonstrations of AR (Augmented Reality) applications included virtual interior coordination for sampling images of building materials from a catalog that are applied to real building photographs taken by a camera installed in the cloud computing terminal. Likewise, a user can search and acquire requisite information about a product by taking a photo of it.


    ・Business continuity plan


    Successive occur rences of ea r thqua kes, planned electricity outages and floods in the year 2011 highlighted the importance of business cont inuity for enterpr ises and consequently the displays in the category of the BCP (Business Continuity Plan) attracted the attention of many visitors. One display that typically reflected the “age of the smart phone” was “MOCHIDASHI MAI DESUKU (My portable desk)” that allows portable terminals including smart phones to use the in-house environment of an enterprise. The system is free of security-related problems because it transfers data on the desktop screen to the terminals after the data is encrypted.


    ・Business process/work-style reforms


    This exhibition corner featured displays of UNIVERGErelated products that are based on the advanced “WaaS (Workplace as a Service)” concept to provide a dynamic but secure cloud service by handling a large amount of data in real time. Many solutions linked to the smart phone were also introduced, for example one for allowing the smart phones carried by employees to be used as an in-house extension terminal of the (IP) internet phone.


    ・Reinforcement of business infrastructure


    This corner exhibited cloud-based solutions for supporting businesses and operations in various fields from fabrication to retailing, physical logistics and environmental control. For example, with “cloud” integration using NEC’s “Enterprise Gateway” server utilization service, the Enterprise Gateway is installed on the “Force.com” platform. Even users with relatively low development skills thereby may use its key systems such as the sale, production, inventory and personnel management systems.


    The exhibit that most caught the eye of visitors was the “X-info Table,” a 52-inch table-type tablet terminal (Photo 6). This exhibit consists of a large touchscreen panel (composed of up to ten multi-touchscreen panels) combined with a table to enable a large number of people to collect, analyze and share the information on the table. It is expected to be used in a wide range of applications in the future.
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        Photo 6 Table-type tablet terminal “X-info Table.”
      

    


    ・Energy-saving ICT products


    This corner was mainly composed of new products of the VersaPro series of corporate-oriented PCs, such as a slate PC with touchscreen “Type VT” and the global specification model “Type VB.” Other products introduced included the “IPBird-2100” that switches PC power ON/OFF remotely for dealing with planned electricity outages and promotes energy saving, and the “NewCycle,” which is a bioplastic made from plant cellulose.

  


  
    ICT Infrastructure


    This category introduced IT, network, platform and various other advanced technologies supporting the C&C Cloud, such as the Data Center Solution and the ProgrammableFlow. The platform-related exhibit attracting particular attention was the UNIVERGE PF series featuring incorporation of the ProgrammableFlow developed based on OpenFlow that is one of the key technologies for the next-generation Internet. It was commercialized for the first time from a joint research project with Stanford University and is currently attracting interest by enterprises from both inside and outside Japan that wish to build private cloud computing systems.

  


  
    Space Technologies


    This category adopted panels and models to introduce the seven year trajectory of the asteroid probe “HAYABUSA” that returned to Earth in June 2010 and the advanced space system “ASNARO” using the NEXTAR standard satellite platform to be launched in December 2012 or later.


    For “HAYABUSA,” the trailer of the movie carrying the same title was projected in cooperation with Shochiku Co., Ltd. and Toei Company, Ltd. Together with the life-size models of the “HAYABUSA” and its ion engine as used in the movie it attracted the attention of many visitors. The chronology of the satellite development that NEC has been engaged in was additionally displayed using a touchscreen-panel table to introduce the history of NEC’s space business.

  


  
    Digital Signage/Image Solutions


    The digital signage solution enables display of lively video and messages according to the season and individual customers. Such installations are being widely adopted for street and storefront displays. This category introduced the evolving digital signage and various other image solutions. The exhibits included the latest displays including full-color LED, touchscreen-panel, high image quality and ultra-slim type models, as well as a system that enables content change using a smart phone. Image solutions that aroused the interest of many visitors included the linkage with the QCAST emergency earthquake alarm unit manufactured by Meisei Electric Co., Ltd., the “twit Theater” of Itoki Corporation that displays tweets from a twitter account by following the timeline, and the interactive media art system “KAGEMUSHA” developed in collaboration with Japan Electronics College.

  


  
    * Android is a trademark and/or a registered trademark of Google Inc.


    * Smart Heim is a trademark and/or a registered trademark of Sekisui Chemical Co., Ltd.


    * Force.com is a registered trademark of salesforce.com, inc.


    * QCAST is a registered trademark of Meisei Electric Co., Ltd.


    * Company and product names described in this paper are trademarks and/or registered trademarks of each company.
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  2011 C&C Prize Ceremony


  
    The 2011 C&C Prize Ceremony was held at the ANA Intercontinental Hotel Tokyo on November 28, 2011, with over 100 attendees (Photo 1).
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        Photo 1 2011 C&C Prize Ceremony
      

    


    In the welcoming speech, President Hajime Sasaki introduced the activities of the NEC C&C Foundation, where he noted that it is the 27th ceremony of the C&C Prize and the number of C&C Prize recipients totaled 88 by 2011. He also mentioned that the foundation changed its legal status to that of a public interest incorporated foundation in December 2010 and will continue to execute its mission.


    Then, Dr. Yasuharu Suematsu, the chairman of the award committee, announced two groups of 2011 C&C Prize Recipients with an explanation of the selection process. The group A recipient is Dr. Akira Yoshino, Fellow, Asahi Kasei Corporation, for his “Pioneering Contributions to the Development and Commercialization of the Lithium-Ion Battery.” Prof. Norman Abramson, Professor Emeritus, University of Hawaii, and Dr. Robert M. Metcalfe, Professor of Innovation, the University of Texas at Austin, are recipients of group B for their “Outstanding Leadership Resulting in the Invention, Standardization, and Commercialization of Internet Packet Access, Beginning with ALOHANET and then Ethernet.” All recipients were given certificates, plaques and cash awards from President Sasaki (Photo 2 and Photo 3).
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        Photo 2 President Sasaki (left) presents a certificate to Dr. Akira Yoshino (right).
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        Photo 3 Dr. Akira Yoshino Dr. Robert M. Metcalfe and Prof. Norman Abramson (From left to right).
      

    


    Dr. Akira Yoshino gave an acceptance speech titled “Course of development of the lithium-ion battery (LIB).” He started developing the non-aqueous type secondary ion battery having the belief in its future possibilities. He made every effort in finding the optimum material of positive and negative electrodes. He also demonstrated safeness of lithium-ion battery with a video of comparative experiments for accidental firing.


    In the acceptance speech of Prof. Norman Abramson, he introduced the history of developing “ALOHANET” access control system, that connected computer facilities on the Hawaiian Islands by a wireless network, and how the system was improved and applied to Ethernet, mobile data communication, and Internet access in general. In addition, Dr. Robert M. Metcalfe thanked cooperating companies and persons for their partnership to implement and deployment of Ethernet. He also appreciated Japanese supports from the early stage of developments. Many attendees may be impressed to hear that there had been many contributions by Japanese in such a leading-edge research.
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  NEC Energy Devices, Ltd.

  Expanding Applications from Electric Vehicles to Energy Storage Systems - Unique Technology Offering High Safety and High Power


  From the electrodes of energy storage batteries mounted in the Nissan EV “Leaf” to the drive batteries of e-bikes and household energy storage systems, the forerunners of the new era of renewable energy are taking advantage of NEC’s unique technologies


  
    Readers may already know that Nissan Motor’s EV “Leaf” became a front page topic by twice winning the Car of the Year Japan (2011-2012), and the RJC Car of the Year (2012) awards. But do you know that its key components apply products and technologies of NEC? NEC Energy Devices, Ltd. is a company currently attracting attention with its manufacture of the electrodes of storage batteries mounted on the “Leaf” and the battery packs for NEC’s household energy storage system. The company specializes in the battery business and is currently developing and producing laminated type manganese lithium-ion batteries.


    Backed by the rising needs for environmental compatibility, the company started mass-production and shipment of electrodes in 2010. Already, the Wall Street Journal has reported that the Automotive Energy Supply Corporation, to which NEC Energy Devices ships electrodes, is the world’s top shipper of lithium-ion batteries for EVs. NEC Energy Devices is planning further cost reductions and production enhancements aiming at continuing future growth. The power of the company and where such power comes from will be revealed in this report.

  


  
    NEC’s battery business features 20 years of history and unique achievements


    NEC Energy Device, Ltd. was established in 2010 for the development and manufacture of lithium-ion batteries. Although it is now only two years since the present company was established, the precursor businesses and technological developments have a history of over 20 years (Fig. 1).
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        Fig. 1 History of NEC’s battery businesses.
      

    


    NEC has been pursuing battery business by focusing on compact batteries for mobile phones and digital still cameras for consumer use. Although the company names and management structures have changed a great deal since the establishment of the joint venture Moli Energy Limited in 1990. The unique NEC technology that supports the present NEC business was the manganese positive electrode material developed by the NEC research laboratories. After the start of the serious development of this material in the early 1990’s, a manganese lithium-ion battery was marketed for a world first time and was applied to the mobile phone battery in 1996. Since then, the compact battery market has entered a competitive field focused on capacity, and the manganese lithium-ion battery is applied mainly in fields requiring high safety such as for games machines.


    The unique technologies of NEC are most powerfully applied in the domains that feature large capacity, large scale and high safety. The pursuit of safety is seen typically with the laminated type storage battery developed in the year 2000 for use in power-assisted bicycles. Meanwhile, development of a storage battery technology for environmentally friendly vehicles was started from the early 2000’s under the leadership of the NEC research laboratories. The electrodes for EVs business got under way in the year 2010 with the establishment of NEC Energy Devices, Ltd. In 2011, this company went on to develop battery packs for use in household energy storage systems.


    Nissan Motor’s “Leaf” is probably the EV product most widely known to the general public. The cells and battery packs used in the lithium-ion batteries mounted on “Leaf” are manufactured by Automotive Energy Supply Corporation (AESC), which is a joint venture of Nissan Motor Co., Ltd., NEC Corporation and NEC Energy Devices, Ltd. The shipment volume of the lithium-ion batteries of AESC was ranked highest in the world while beating many Asian competitors (with more than twice their shipment volume) by the Wall Street Journal of December 5,2011 (comparing the 2011 total shipment volumes)*.

  


  
    ※“Battery Companies in Need of a Boost”THE WALL STREET JOURNAL, DECEMBER 5, 2011

    http://online.wsj.com/article/SB10001424052970204443404577051832763572816.html

  


  
    Unique technology that features high safety and a long lifespan:Meeting the needs for large-capacity lithium-ion batteries


    Rechargeable batteries refer to cells that are usable repeatedly by recharging and are already very popular among general consumers. They can be classified into several types according to the materials used for their cathode electrodes, which include lead, nickel-metal hydride and lithium ions. From the viewpoint of battery structure, they can also be classified into the rolled-up type with which a jellyroll winding of the electrode and separator are inserted into cylindrical or rectangular containers and the laminated type with which the electrodes and separators are laminated and sealed or are housed in a can. Among these, NEC Energy Devices are specialists in the development and production of the “laminated manganese lithium-ion batteries” (Photo 1).


    
      [image: e120128_02.jpg]

      
        Photo 1 Laminated lithium-ion battery (cell).
      

    


    Mr. Masato Shirakata, the company’s Supervising Manager, Development Division explains the reason for this strategy:


    “The properties of rechargeable batteries vary depending on the materials used. The features of the lithium-ion battery are high volume, high specific energy and about three times higher operating voltage than the nickel-metal hydride (Ni-MH) and nickel cadmium (Ni-Cd) batteries. In other words, they are compact and lightweight but can output high energy. Storage batteries are expected to increase in size in the future, and the key to the adoption of the Li ion battery will lie in the fields of safety and cost.


    The reason we use manganese and not cobalt or nickel, for the cathode electrodes of lithium-ion batteries is because of its stable crystalline structure called the spinel structure. This stable crystalline structure of the material even in an overcharged state enables high product safety (Fig. 2). This is why the high energy, lithium-ion battery can be used safely with EVs and with HEVs (Hybrid Electric Vehicles). In addition, since manganese occurs in large deposits, a stable supply is readily available and the material procurement cost can be reduced.”


    
      [image: e120128_03.jpg]

      
        Fig. 2 Structures and features of cathode electrode materials.
      

    


    Considering such a wide range of excellent properties, it seems that the manganese lithium-ion battery market might be crowded with many competitors. But Mr. Shirakata continued, “We have the advantages of a unique technology and a proven mass-production capability.


    Manganese materials do have the issue that they have a shorter charge/discharge life than other materials. However, NEC’s unique technology has succeeded in extending the lifespan (Table). The use of the laminated type design has improved safety thanks to its excellent heat radiation properties and output power has been increased thanks to its large current handling capability.


    
    
      Table Comparison of cathode electrode materials.
    
[image: e120128_04.jpg]


    The origin of the EV electrode business of the NEC Group was when Nissan Motor recognized the attractive prospects of NEC’s unique technology and proceeded to participate in joint development with NEC. However, there have been many twists and turns in the development of the mass-production of the electrodes that was assigned to us. The electrode is manufactured using the three process steps of producing slurry from the electrode material, coating it on a sheet and compressing the dried sheet. We sorted out the anticipated problems in the prototyping stage by fabricating a small number of prototypes. When proceeding to large scale mass-production, we gathered staff with experience in the coating process of various devices to help mature suitable techniques by integrating the knowledge already gained in NEC’s MONOZUKURI Industrial Innovation and Standardization Division. In particular, with regard to the quality, we incorporated our expertise in 100% in-line inspection and impurity elimination for each process that is considered to be suitable for application in the EVs. We believe that the quality and production of our EV electrodes are currently much superior to those of our competitors.”


    Is it possible then for the company to continue to retain its superior position in the future? Mr. Masaki Kondo, Department Manager of Business Planning Department, answered: “The device business should beat worldwide competition with Korean and Chinese enterprises. Though we were able to lead in the beginning, we cannot rest with regard to improvements for production capabilities and cost reduction. We plan to enhance collaboration with NEC research laboratories and the MONOZUKURI Industrial Innovation and Standardization Division for increasing the speed and scale of the production facilities and for developing a basic material technology so that continual technological innovations are possible.”

  


  
    Applications migrating from EVs to household energy storage systems


    Since the 2011 Tohoku Earthquake, the Japanese Government has been undertaking a review of its energy policies, while the awareness of the people toward energy saving is also changing significantly. As there is also the global-scale issue of reducing the environmental load of carbon dioxide, strategies for the integration of communications and electrical energy supply based on new concepts such as the smart grid are being proposed in various countries and regions. All of these trends are serving as a spur to the large-capacity battery business, which is also being witnessed in the expansion of the fields of applications of the products supplied by NEC Energy Devices. Such representative applications are the EV battery for the Nissan “Leaf,” etc., the drive batteries for power-assisted bicycles (e-bikes), poweroperated wheelchairs, and the household energy storage system for which NEC started shipments in July 2011 (Photo 2).


    
      [image: e120128_05.jpg]

      
        Photo 2 Household energy storage system.
      

    


    The energy storage system is a product responding to the rising needs of electricity saving. It can reduce electricity consumption by charging the electricity generated by a photovoltaic system or purchased in the nighttime with low power demand and discharging it in the daytime. The core devices of this system consist of a control system that connects the electricity to a household distributor panel and the lithium-ion battery packs produced by NEC Energy Device.


    With regard to the future deployment of the company’s business, Mr. Kondo said:


    “Our main business for the present is the production of EV electrodes. The EV market has a much larger scale than the existing electronic equipment market. For example, the electrodes used in a single cell of the lithium-ion battery for an EV is equivalent to about 50 lithium-ion batteries for a mobile phone. Since about 200 units of these cells are mounted per EV and the sale of Nissan “Leaf” has reached about 20,000 in the year after the launch, we have already shipped batteries equivalent to about 200 million mobile phones. While the worldwide new vehicle market has a scale of about 70 million a year, the sale of 20,000 vehicles is a very small fraction of the anticipated volume of battery shipments. This fact demonstrates how huge the potential market scale will be. Since the EV market is expected to grow further in the future, we will continue to enhance the development and production of our batteries.


    The size of the market scale is an important factor in the development of device markets. With the drive-force batteries, we are looking for markets that can meet this scale requirement, and we think that the e-bike markets in China and Southeast Asia are the most promising candidates. We are presently demonstrating products of low cost with high added values that can compete evenly with the gasoline driven machines and the lead battery based e-bikes.


    From the standpoint of a company of the NEC Group, the energy storage system market is very important because it can be the core of smart grids. We will develop battery packs that service the core energy storage systems. Previous small-scale UPS (Uninterruptible Power Supplies) are going to evolve into household-oriented products and the applications are expected to expand at various scales in offices, buildings and factories as well as in the power generation plants (Fig. 3). We are planning to hasten the development of technologies and products with long life spans and large capacities in collaboration with NEC’s Smart Energy and Green Business Operations Unit.”


    
      [image: e120128_06.jpg]

      
        Fig. 3 Deployment in the energy storage market.
      

    


    From the EV market to the energy storage system market, we must not take our eyes off the inevitable growth of the NEC Energy Device market.


    ”We hope that the products that we manufacture will contribute to the implementation of the NEC Group Vision for 2017, ‘a leading global company leveraging the power of innovation to realize an information society friendly to humans and the earth.’ We have taken off as an electrode business company, but the full maturity of our battery business remains to be experienced in the future.


    Mr. Kondo stated at the end of the interview that “NEC Energy Devices is a company that was built on the expertise of many forerunner organizations of the NEC Group, but we hope to build a new internal corporate culture and also to succeed in the battery business.”

  


  
    Business operations


    NEC Energy Devices, Ltd. is tackling the development, manufacture and sale of large-capacity laminated lithium-ion batteries and their electrodes. The products of the company are used in EVs, e-bikes and power-assisted vehicles and also as the core devices of the energy storage systems for households and large electrical grids. They are expected to become the core products of the growing environment and energy business of the NEC Group.
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Item Specifications
AC voltage 170 to 230 V three-phase AC
Frequency range 47 to 63 Hz
Input | Power factor 0.95% (*1)

Total current distortion: <5%

High-frequency outflow current
Individual current distortion: <3%

DC voltage output range 50 to 500 V

Max. power 50 kW

Ripple voltage <5% (*2)

Ripple current <5% (*2)

Efficiency >90% (*1)

LAN (10BASE-T, 100BASE-TX) port X 1

Output

External Interface -
Serial (RS-232C) port X 1

Other | Structure Outdoor installation (IP45 equivalent)
Ambient temperature/humidity | -10 to +40°C/ 30 to 90%
External dimensions 830 mm(W) X 1,650 mm(H) X 550 mm(D)

Weight Approx. 380 kg

*1 Input: 200 V AC, Output: 400 VDC - 125 A
*2 Output: 400 VDC - 125 A
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